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A New Year
The new fiscal year brings

~opportunities for improvement.
We must adjust to changes in the
structure of the defense labora-
tories, current limitations on
travel and foreign interaction,
and decreased support for the
application of defense computa-
tional science to oil and gas tech-
nology. However, we still seek
growth, such as identifying ways
for industry associations to com-

_municate their needs to technol-
ogy developers. Such guidance
maintains program continuity
and encourages development of
new proposals. As both industry
and the laboratories refocus their

R&D efforts, we seek to maintain -

the connections that have made
the Partnership successful.
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Featured Partnership Project

Improved

Prediction of
Multiphase Flow

ost petroleum reservoirs
appear to have wettability
states other than strongly

water-wet. However, most of the com-
puter simulators used to predict fluid
flow in these reservoirs are based on
constitutive relationships among rela-
tive permeability, fluid saturation, and
capillary pressures solely for water-
wet porous media. In order to describe
fluid flow accuately in mixed-wet res-
ervoirs, simulators must account for
the proper distribution of the different
fluids in multiphase systems. This
Partnership project focuses on the
development of a model for mul-
tiphase flow in mixed-wet reservoirs.
The model is based on fluid distribu-
tion for as many as three fluids (water,
oil, and gas) in the reservoir pore.
spaces.

The Multiphase
Fiow Modeli

For the past three years, project
researchers, including representatives
from PNNL, the University of Texas-

Austin (UT), Auburn University, Spirit

“Energy (Unocal), Mobil Oil, and Land-

mark Graphics, have worked to
develop an advanced multiphase flow

~-model. The new model will give oil

producers a tool for predicting oil
recoveries in mixed-wet reservoirs,
which in this model describes a condi-
tion where the small pores in the rock
are water-wet and the larger pores are -
intermediate or oil-wet. Important

“decisions concerning the commercial

development of mixed-wet reservoirs
already have been based on the
project’s modeling results. However,

* the industry needs models that can pre-
dict multiphase flow with greater accu-

racy.

Project participants have been
developing and refining their mul-
tiphase flow model through a combi-
nation of theoretical, experimental,
and numerical work. The results have
been significant: Important aspects of

~ the theory were tested against detailed

laboratory experiments, the tested seg-

ments of a two-phase model were

See Multiphase Flow Model, Page 2
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Multipha’se; Flow Model -

Continued from Page 1

.implemented in a UT numerical simu-
lator, and a variety of numerical tests

and laboratory waterflood experiments

were completed to study the perfor-
mance of the improved simulator.

Although the complicated issue of
fluid flow in mixed-wet reservoirs is
far from being resolved, the project has
provided important new insights and
datasets. The participants expect to
conclude the project with full imple-
mentation of a three-phase model and
transfer the acquired knowledge to the
petroleum industry.

Modeling Mixed-
Wet Systems

Wettability—the tendency of one

fluid to adhere to a solid surface in the -

presence of other immiscible fluids—
is important because it affects the dis-
tribution of fluids in the pore space and
the rate of oil recovery by drive fluids,
such as water. A successful reservoir -

model must be able to simulate mixed

wettability, and that requires an accu-
rate description of the relationships
among relative permeabilities, fluid
saturations, and capillary pressures (k-
S-P relations) in mixed-wet systems.
Two approaches are used to describe
the k-S-P relations in simulators. The
most common interpolates among lab-
oratory measurements. A drawback is
that these data reflect only the satura-
tion paths measured in the laboratory.
Consequently, any simulations of satu-
ration paths different from those mea-
sured will likely be in error, and
investigations of alternative produc-
tion scenarios will be very limited.
The other approach uses a paramet-
‘ric model that mimics fundamental
fluid-flow processes to predict the
linked behavior of capillary pressure
and relative permeability. This method
is preferable to extrapolating from
measured data points because the mod-
els have greater utility and consistency.
Parametric models can also be used to

- -industry, capillary pressure and rela-
‘tive permeability data are usually
-obtained using different samples in dif-

- ferent experiments. This approach pre-

- considerably more complex to

three-phase system. In addi-
- tion, experimental three-phase

- teretic k-S-P-models for mixed-

.models have been tested - 154
~against published S-P data, lab-

describe an infinite number of satura-
tion path histories. However, these
models are not without drawbacks:
They often are complicated and
require more calculations and com-
puterstorage. Also, in the petroleum

sents difficulties because the datasets
may be inconsistent, which could lead
to unrealistic predictions.

Testing the Model

A valuable resource for the industry
would be a thoroughly tested capillary
pressure/relative permeability model
that does not have these limitations,

“that accounts for reservoir wettability

conditions, and that yields accurate

~predictions of multiphase flow. The
‘Partnership is testing such a model.

The model can be used to simulate a
variety of field operations. Tt also can

- be applied to environmental problems,

such as product spills and remediation,
and be used to evaluate new prospects

. where laboratory data are lim-

ited or not available.

with a modiﬁed version of the
UTCHEM (University of Texas
CHEMiical compositional simulator)

- code. Figure 1 shows the results of the

published S-P data comparison. ‘
Agreement between the experimental

" data and the model predlctlons was

good.

- To test the model against recent lab,-
oratory S-P data from PNNL, two
experiments were conducted using
unconsolidated sand packs. In general,
the model described the mixed-wet
experimental data very well, indicating

‘that the model is capable of describing

S-P relations in mixed-wet, oil-water
systems in porous media.

To test the model against numerical
simulation results, simulations of

~waterflood oil recoveries in petroleum
‘reservoirs were conducted using a

modified version of UTCHEM—a
multiphase, multicomponent, three-

; ‘dilnensional finite-difference simula- -
-tor. The results yielded behavior like

that observed in mixed-wet petroleum

_reservoirs, suggesting that the mixed-

wet k-S-P model 18 capable of predlctl—
See Model Testing, Page 3

Researchers have developed 57
two- and three-phase (i.e., gas- .
oil-water) k-S-P models. The
three-phase relationships are

model. The four combinations
of dramage and imbibition sat-
uration paths for a two-phase
system multiply to eight in a

o

Main
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Drainage

data for testing and developmg
models are scarce.

The Partnership has devel-
oped two- and three-phase hys-
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oratory S-P data recently
obtained at PNNL, and numeri-
cal simulation results obtained
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Flgure 1. S-P relations of a mixed-wet core,
showing experimental (symbols) and modehng
(solid lines) results.

O.IZ 0]4 ‘ v 0‘6 UfB ) 1
Water Saturation




Model Testing

Continued from Page 2

ing fluid behavior in mixed-wet

~porous media. The best-fit model-
ing analysis suggests that the
model is able to capture the

“salient characteristics of mixed-
wet porous media, although fur-
ther tests are needed.

The k-S-P model contains sub-

models for relative permeability
and capillary pressure. Two

experiments using two- and three- -

phase S-P measurements were
conducted to test the submodels.
Figures 2 and 3 show modeling
results and experimental data for
the first experiment. The model
described the experimental
mixed-wet capillary pressure data
of the first saturation path sce-

- nario very well. There were only

slight discrepancies in the water

saturation paths. : -

The data from the two caplllary
-pressure experiments did not
include all possible saturation
paths that the model is capable of
describing. Therefore, these
results are considered prelimi-
nary. A more rigorous test of the
model will require measurement

of different saturation paths.

For saturation paths in the first
experiment, water and oil relative
permeabilities were predicted
using the relative permeability
submodel. Predicted water rela-
tive permeabilities are shown in
Figure 4, and predicted oil rela-
tive permeabilities are shown in
Figure 5. The relative permeabil-
ity submodel predicts a continu-
ous change in water and oil
relative permeabilities as the fluid
system changes from a two-phase
to three-phase system and back
again to a two-phase oil-water
system with entrapped gas.

Test results show that the capil-
lary pressure submodel character-
ized the experimental capillary

. See Model Application, Page 4
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Figure 3. Two- and three-phase mixed-wet
S-P data (symbols) and best-fit modeling
results for total-liquid saturation.
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Model Application
| Continued from Page 3 -~

pressure data very well, which sug-
gests the model can be used to describe
S-P relations in mixed-wet porous
media. However, further investigations
are needed to evaluate whether mixed-
wet k-S-P relations should include
algorithms for modeling nonwetting
fluid entrapment.

Model
Application

The Partnership’s advanced mixed- -

wet k-S-P model was developed for
use in oil reservoir simulators to pre-
dict multiphase flow behavior. Result-
ing simulations could be used to help
explore alternative production scenar-
ios and develop management strategies
that minimize financial risks and max-
imize economic benefits. Initial results
at PNNL suggest the mixed-wet k-S-P
model may yield reasonable predic-

“tions of multiphase flow behavior;

however, more rigorous tests are
planed to verify these results.

Accomplishments

Accomplishments of the past three
years follow:

. - Two- and three-phase hysteretlc

capillary pressure/relative perme-
~ ability theoretical models for
mixed-wet reservoir were devel-
~oped and tested against a variety
of experimental datasets,

» . Several two- and three-phase cap—
. illary pressure experiments were
- conducted in mixed-wet sand
packs to test the theoretical model.

* Because virtually no consistent
datasets were available in the liter-
ature, consistent laboratory
datasets were developed. Pro- -
grams were written to analyze the

“data and to compute mixed-wet

" model parameters. The model pa-
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rameters computed from the labo-
ratory data are consistent and
make physical sense.

. Waterflood experiments were con-
ducted to test the transient nature
of the new theory. Experiments
produced detailed quantitative da-
ta, which were used to test the im-
plementation of the theory into the
simulator. The model was able to

- predict cumulative oil production
accurately.

The full two-phase hysteretic the-
~ory was-implemented into the sim-

ulator. The three-phase

implementation has been initiated.

Direct measurements of capillary’
pressure and relative permeability
in single experiménts were ob-
tained using newly designed pres- -
sure cells. Unique and consistent
datasets were obtained for water-
wet mixed-wet systems. Results
- correspond to measured data.

Con tact e

Mart Oostrom, PNNL
‘m_oostrom@pnl.gov

509-372-6044

Salvo RéseércherSV' Win R&D ‘100‘Award

Partnership researchers who created oil exploration algorithms won an R&D 100 Award in the annual competition for inno-

vative technology sponsored by R&D Magazine. The researchers won presenting a 3D method to find oil that is superror to
currently used 3D commercial packages.

Salvo is a code that produces higher quality seismic images than traditional methods. The winning researchers are Curt
Ober, David Womble, and Louis Romero of Sandia National Laboratories (SNL), Ron Oldfield and Robert Gjersen, former
SNL researchers, Charles Burch of Conoco, Inc., and Scott Morton of Amerada Hess Corporation. The research was con-
ducted through the Computational Technology pro_]ect 3D Imaging of Complex Geologies: Remote and Rapid Processing of
Terabyte Datasets.

*Most of the remaining oil and gas in the United States lies in regions of complex geologies where traditional seismic imag-
ing methods are frequently unable to produce high-quality images, which increases the risks of drilling dry wells,” the
researchers wrote on their contest application. Wells frequently cost more than $10 million each to drill, and in cases of
extreme difficulty can run as high as $50 million; thus, dry holes are expensive. Failure jacks up the overall cost of oil to con-
sumers and can put small oil companies out of busrness by increasing operational costs. However 3D seismic datasets can be
terabytes in size, making them time consuming, therefore costly to process.

Salvo's algorithmic improvements, designed to use the power of massively parallel computers, 1esult in time savings
between 10 percent and 40 percent, compared to other programs.
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Partnershlp Review

The Partnership completed the review of preproposals for

FYO00 in Drilling, Completion and Stimulation; Oil and Gas

" Recovery; and Diagnostics and Imaging. Approxunately 40
preproposals were submitted. Based on the industry reviews,
“we are selecting preproposals to go forward to full proposals,
and we-are notifying the principal investigators. The full
review of the new proposals and ongoing projects will be

“‘held in Houston (Drilling, Completion and Stimulation,
November 16; Oil and Gas Recovery, November 17 and
D1agnostlcs and Imaglng, November 18).

ACTI

The Advanced Computatlonal Technology Initiative
(ACTI) has been one of the most successful components of
the NGOTP. With the onset of ACTI, the Partnership greatly

| Publications

England, G.C., et al., “Development of PM,  source proﬁles and
‘emission factors for gas-fired combustion equipment,” presented
at the 92nd Annual Meeting of the Air and Waste Management
"Association in St. Louis, June 20-24.

Hagelberg, C., R. Swift, T. Carney, D. Greening, M. Hiltl, and W.

; Nelhs 1999 “Modeling shock recovery experiments of sand-
stone,” presented at the American Institute of Physics Conference
on Shock Compressron in Condensed Matter, Snowbird, UT,
June.

Jenneman, G.E., G.A. Bala, S.L. Fox, D. Gevertz, and K.L: Sublette.
1999. “Characterlzatlon of novel sulfide-oxidizing bacteria for
use in desulfurization of produced water and gas.”

- ‘McBride, D.D., Henfling, J.F., and Clark, E.L. 1999. “Determining

the transfer function for unsteady pressure measurements using a
. method of characteristics solution,” presented at the 18th Interna-
tional Congress on Instrumentatlon in Aerospace Simulation Fa-
cilities, June.

McBride, D.D., J.F. Henfling, and E.L. Clark 1999. “Pressure data
for the expernnental validation of a vortex-based parachute infla-

" tion code,” Report AIAA 99-1747, 15th CEAS/AIAA Aerody-

namic Decelerator Systems Technology Conference, June 8-11.

Myer, L., et. al. 1999. “Network modeling of multiphase flow pro-
cesses in rock,” presented at the Congress of the International So-
ciety for Rock Mechanics, Paris, France, August 23-27.

Penetrante, B.M. 1999. “Effects of exhaust temperature on NOx re-
duction by nitrogen atom injection.” Proceedings of the 1999 Die-

sel Engine Emissions Reduction Workshop, Castine, Maine. July
5-8.

Abate, J., P. Wang, and K. Sepehrnoori.-1999. “Compositional res- -
ervoir simulation on clusters of PCs.” Fifth SIAM Conference on
Mathematical and Computational Issues in the Geosciences, San
- Antonio, TX. March 22-24.

Partnershlp News

expanded in 1995 both in terms of the number of projects
and the number of industry participants. Some ACTI
projects have been highly successful on their own. For
example, several R&D 100 winners have emerged from this
program. In addition, these ACTI projects have provided the
basis for traditional projects within the Partnership tech- .
nology areas. : '

"However, unless there are major changes in the pro-

. posed FY00 congressional budget, the Defense Programs

(DP) and Office of Science (SC) contributions to ACTI will
disappear. If this happens, we will see several significant
programs in computational modeling disappear or be moth-
balled. Using the traditional new proposal and review pro- -
cess, the Partnership may decided to include evolutions or -
outgrowths of these projects in the coming years.

Penetrante, B.M‘, R.M. Brusasco, B.T. Merritt, W.J. Pitz, and G.E.

Vogtlin. 1999. “Feasibility of plasma aftertreatment for simulta-
neous control of NOx and particulates,” Proceedings of the 1999
Diesel Engine Emissions Reduction Wo; kshop, Castme Maine.
July 5~8.-

Penetrante, B.M., R M. Brusasco B. T Merntt and G.E. Vogthn
1999. “Fate of the SO? during plasma aftertreatment of diesel en-
gine exhaust,” Proceedings of the 1999 Diesel Engme Emzsszons
Reduction Workshop, Castine, Malne July 5-8.

Penetrante B.M., R.M. Brusasco, B.T. Merritt, and G.E. Vogtlin.
1999. “Hydrocarbon and electrical requirements in the plasma
during treatment of NOx in light-duty diesel engine exhaust,”
Proceedings of the 1999 Diesel Engine Emissions Reduction
Workshop, Castine, Maine. July 5-8.

Preece, D.S., R.P. Jensen, J.R. Williams, E.D. Perkins, and B.K.
Cook. 1999. “Sand production modeling using superquadric dis-
crete elements and coupling of fluid flow and particle motion,”
Proceedings of the 37th U.S. Rock Mechanics Symposium * Vail
Rocks,” Vail, CO, June.

Reister, D.B., EM. Oblow J. Barhen, and J.B. Dubose Jr. 1999.
“Appheatlon of global optimization to the estimation of surface-
consistent residual statics,” Report ORNL/TM-1999/102, Oak
Ridge National Laboratory, Oak Ridge, TN.

’ Sublette, K.L. 1999. “Bioreactor design and demonstration for the

microbial oxidation of sulfides.” University of Tulsa.

- Wheeler, M.F., and L. Yotov. 1998. “Multigrid on the interface for

mortar mixed finite element methods for elliptic problems.” Vis-
tas in Domain Decomposition and Paraliel Processing in Compu-
tational Mechanics. Special issue of Computanonal Methods in
Applied Mechanics and Engmeel ing.
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Project News

Advanced Sensor
Technology

Fabrication of the mechanical and
micromachine electronics was com-
pleted. A design problem with the flex
circuitry that feeds power and teleme-
try conductors to lower array levels
was found. A delicate, long lead-time
electronic component failed and
reduced the number of array levels
available for testing to.two levels on
each array. Four microholes (2'3/8"
diameter, and 300-500' deep) were
drilled for installation of the arrays.

The arrays were sequentially

- installed and integrated into two seis-
mic reflection lines. An inspection of
field records shows signals with high
noise, in comparison to data acquired
from geophone spreads.

J. Albright, LANL 505-667-4318

- |_albright@lanl. gov

Smgle-WelI Seismic
Imaging Technology

A good fit was obtained with a curv-
ing salt dome edge using velocities
obtained in previous crosswell work.
These results were used to model the
sensitivity of the salt edge location as
determined by means of a crosswell
- survey. Researchers found that full
tomography would not locate the edge,
but a simple zero offset crosswell

would find it. They decided to perforrn .

a zero offset crosswell survey using
one well inside and the other Well out-
side of the dome.

Computational simulations of bore-
hole seismic data previously-acquired
at the Bayou Choctaw Field test site, in
Louisiana, were undertaken using a 3D
elastic wave propagation algorithm. A
parallel version of the algorithm was
sited on a 32-node distributed memory

E. Majer LBNL -

'D. Aldridge, SNL

cluster. The synthetlc data prov1de a -
good match to crosswell P- and S-

wave arrivals but have much stronger -

salt flank reflections/refractions than

observed in the field data. More realis-
tic geologic representations of the sed-
iment/salt interface (curved, rugose, or

-transitional) are expected to diminish

the computed reflection amplitudes.

elmajer@lbl.gov
505-284-2823

- dfaldri@sandia.gov
J. Fincke, INEEL ' 208-526-2031
‘ ' ‘ if1 @mel gov

Selsmlc Imaging Behlnd
Production Tubing

- Travis Peak and Pettet formations
(Chapel Hill Field, near Tyler, Texas)
were selected to image the target reser-
voir formation with crosswell reflec-
tion imaging, with and without

production tubing in the receiver well..

This is a thin, highly productive sand
which is not continuous between all
wells in the area. Depth is approxi-
mately 8,200'". Two wells were selected
in the field with a separation of
approximately 1,520'".

M. Buettner, LLNL ‘ 925-422-7888

Large Downhole
Sensor Array

Partlclpants assembled the general—
purpose, deep well pump. This wire-
line-deployed pump can be used to
inflate bladders and operate actuators
downhole. The pump is conﬁgured to
allow reverse operation by reversing -
polarity, allowing the control to be
accomplished via the power lines. The
concept differs from other downhole

510-486-6709

“buettner2@linl.gov

Dlagnostlc & Imaglng Technology

pump/motor demgns in an effort to
improve technology.
The design team expects to have

- another magnetic-clamped geophone

module completed in early September.
This latest module uses temperature- -
resistant metal bellows to clamp the
geophone module.

Researchers began the construction
of a bellows-clamped module for its
attachment to a coiled tubing segment,
This module, which will not contain
the geophones or electronics, would
clamp to a section of tubing that does.
J. Fincke, 'INEEL, : 208-526-2031"

: jf1 @mel gov

Improved Prestack

‘Kirchhoff Migration -

The kinematic portion of the wave-.
front construction code is nearly com-

plete. It was used to match first-
“arrivals in waveforms in finite-differ-

ence seismograms for a salt model.
Arrival times were calculated using a -
two-point ray-bending algorithm. ‘
‘Numerical modeling of wave propa-
gation in the vicinity of a salt body
showed that interface waves between
the base of salt and surrounding sedi-

. ments are strong at offsets far from the
salt. '

M. Fehler, LANL -

fehler@lanl.gov

Locating Geopressured |
Hydrocarbon Reservoirs

A curve-fit algorithm was devel-
oped for the dual minima gas solubility
data. A near exact fit to the equation of
state data proved not to be feasible, and
instead, a piece-wise linear fit was
used. The curve fit matches the charac-

(Continued on Page 7)

. bringing dépértﬁ!ent of evnérgy'n"vatiohal Iab’or‘at'oriebs cavpabivl_ities to the p'etroljeumbi,ndu‘s't:ry i

505-667-1925 |




'V,Pariﬁershibf’rogréés

PrOJect News i

ter of the gas solublhty data (two min-
ima in temperature, increasing with
pressure, etc. ), and is therefore thought
to be acceptable for testing the concep-
tnal model:

" Researchers investigated Whether a
thermal anomaly is associated with the
West Cameron (WC) Block 66 Field. If
multiple vapor-lock seals are formed
around specific isotherms and an out-
of-phase relationship exists between
the seals, thermal anomalies are to be
expected. Using the available well log
data, temperature versus depth plots
were constructed. Assuming multiple
seal formation around 165° and 270°F,

isotherm maps corresponding to those -

temperatures were constructed over’
the WC Block 66 Field. Based on ear-
lier work, seal formation around these
temperatures corresponds to a gas
composition of 25 percent carbon
dioxide and 75 percent methane.

‘When a NW-SE thermal cross-sec-
“tion is constructed based on the iso-
“therm maps, a region of low thermal

gradient is observed beneath the field
location. The region lies in the depth
range of 8,000' to 14,000'. The low gra-
dient is due to an expanded depth inter-
val between the two isotherms ‘of

Applied Production
Technology (APT)

Artificial Lift Using Foam Pigs
DOE has submitted a patent.

--C. Mansure, SNL 505-844-9315
: o ajmansu@sandia.gov

Optimizing Reservmr
Production

Researchers tested renormahzanon
and nonuniform coursening (RNC)

‘ ,"vbr>in'gi'n;q'dépa|j‘tmént ’éfvenergy i

interest. This expanslon translates into
an expanded depth interval between
vapor-lock seals. This situation can
create a possible travel-time anomaly
for deep seismic reflectors below the
field. The anomaly is a seismic “pull-
up” in the two-way travel time. Like
the model, deep reflector travel times

measured beneath the WC Block 66

Field were found to exhibit a seismic
“pull-up.” :

G.M. Sh(jok, INEEL -~ 208-526-6945

ook@inel.gov

The 3D Seismic Analysis

'Using SEG/EAGE Dataset

The cost-effective imaging tech-
nique that was recently developed
(termed “common-azimuth migra-
tion”) was refined through the use of
more reference velocities. This yielded
an image from the SEG-EAGE test
dataset that is uniformly superior to the
image obtained from Kirchhoff migra-

tions. The goal is to develop a method

that is nearly as fast as Kirchhoff, yet
provides a better seismic image.

Analytical comparison of two imag-

_ing methods also showed that com-

mon-azimuth migration is more

Oil & Gas Recovery Technology

scale-up for displacement processes
through a number of different datasets,
including data generated statistically
and data obtained from actual reser-
Voirs.

Researchers also examined the per-

- formance of RNC scale- -up. in the pres-

ence of gravity.

A number of modifications were
made to the algorithm for calculating
the upscaled relative permeabilities.
An algorithm was tested earlier this
year using novel boundary conditions,

-combined with ultrafast neural net-

- based on an analogy with electrostat-

 the grid nonuniformly. Researchers are

T. Wallstrom, LANL

accurate than offset-plane wave .
migration, even in a constant—veloc1ty
medium.

A new method was developed for
systematically incorporating nonlinear
uncertainties in the estimation of reser-
voir parameters. The method is being

work learning to yield more accurate
pseudo well-logs (gamma rays, resis-
tivity, and porosity) from seismic data.

505-667-1912
house@lanl.gov
925-423-9617
larsen8@linl.gov
423-574-7131
barhenj@ornl.gov

L. House, LANL
S. Larsen, LLLNL

J. Barhen, ORNL

Vertical Seismic Profiling
While Drilling

Initial testing on a new noise attenu-
ation operator for high-energy noise
produced by various sources, such as
ground-roll, burst-noise, and rig-noise,
is very promising.. Researchers will
continue testing this operator on addi-
tional datasets

925-422-3920
followilli @lInl.gov:

F. Followill, LLNL

ics. It appears that these new boundary
conditions are quite robust with :
respect to the grid coarsening algo-

rithm. In many cases, excellent results
are obtained without having to coarsen

comparing the two coarsening meth-
ods in a variety of flow scenarios.

505-667-5675
tcw@lanl gov

(Contlnued on Page 8)
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Extendmg Borehole
EM Imaging

- The focus of this project is time
lapse crosswell electromagnetic imag-
ing, often utilizing a single steel-cased
well, located at a heavy oil pilot site in
Lost Hills, CA. Two new observation
wells, drilled in August, will provide
core samples and well log information
for this steel-cased crosswell imaging
within a waterflood zone. Imaging i is
planned to begin in November.
K. Lee, LBNL 510-486-7468
' khiee@]bl.gov

925-423-1513

- | B.Kirkendall, LLNL
i ' ' klrkendaIH @Ilnl gov

Improved Prediction
of Multiphase Flow

Researchers are working on a para-
metric model that can be used to pre-
- dict relative permeabilities, fluid
saturations, and capillary pressures.
(See the feature article, on Page 1.)

M. Oostrom, PNNL 509-372-6044
: m_oostrom@pnl.gov

| Improved Waterflooding

- At the University of Wyoming,
researchers working with crude oil/
brine/rock systems from the Powder
River Basin of Wyoming (Minnelusa
Formation), conclude that sandstone
reservoirs containing clay offer the
best prospect of improved oil recovery
through choice of injection brine com-
position. ]

“Participants completed the database
search for additional historical field
comparisons of the effect of brine
composition on oil recovery. Because a
limited amount of historical data is
available, efforts are now focused on
instituting a field pilot test to investi-
gate the effectiveness of injection brine
modification to improve oil recovery.

Laboratory studies focusing on a
chalk outcrop (Stevens chalk) show
that with synthetic reservoir brine as

- the connate brine, a change n the con-

centration of the invading-trine had

only a slight effect on oil recovery. -

This is the most realistic 51t11at10n with

respect to a reservoir.

208-526-7456

E. Robertson, INEEL
i ep@inel.gov

Development of a New
Generation Petroleum
Reservoir Simulator

The integrated parallel accurate res- |

ervoir simulator (IPARS) black oil
model was validated using the Society
of Petroleum Engineers’ (SPE) com-.
parative solutions, as well as by com-

~ paring the output to cases run using

Eclipse. Some small improvements
were added to the code, including a
new, three-phase relative p ermeability

-model, and some new well models.

The physically sound, 1-million-grid-
block, three-phase black 0il cases were
constructed. Three years of simulation
now run in five hours on 32 processors.
of a PC cluster linked with a Myrmet

gigabit switch,

Based on recent success. in-applying
ANL’s ADIFOR tool (autoxmatic differ-
entiation in FORTRAN) to the IPARS
compositional simulator, a new FOR-
TRAN 90-based toolkit wasbegun and
partially tested. When fully imple-
mented, this new object-based toolkit
will allow rapid evaluation of the
robustness and efﬁc1ency ofdifferent
formulations.

T. Morgan, ANL

Fluid Identification
Acoustic Logging Tool

Researchers developed a compre-
hensive theoretical model for the
cylindrical resonator sensox and now
have experimental confirmation of the
theoretical predictions. Recent experi-
ments with this resonator show that
immersing the sensor in the liquid bath

|- D. Vasco, LBNL
630—252—5218 : ‘
tmorgan@anl.gov

does not degrade the sensitivity of the
sensor in any way. Participants were
able to differentiate liquids that have
very close acoustic properties. (It
would have no difficulty in discrimi-
nating between oil and brine.)

While determining the composition
of a mixed-flow system consisting of
gas, oil, and water, it was difficult to
obtain an accurate reading of the com-
position because of the presence of the
gas. To solve this problem, researchers
developed an acoustic, phase-separator
that first separates the gas from the 7

- mixed-phase system. Once separated,

the composition of the oil+water sys-
tem is determined separately from the
gas volume.

J. A!brlght, LANL - 505 667-4318

j albnght@lanl gov

'ngh Resolutlon Reservow

Characterlzatlon '

Researchers tested their algorithm -
against a conventional iterative pres-
sure inversion method. Synthetic pres-
sure datasets were generated and
inverted using both approaches. The
new approach, which utilizes the
arrival time of the peak slope of the
pressure transient, was found to be
more than an order of magnitude faster
than previously used methods. The’
new algorithm appears to be more
robust than methods that directly
match pressure amplitudes. -

510-486-5206
dwvasco@Ibl.gov

‘Measuring Sucker Rod

Pump Parameters Downhole

‘Instrumentation needs are being -
identified in order to test the clear plas-
tic pump at the University of Texas
(UT). An approach for mounting the
pressure gauges was chosen.

C.-Mansure, SNL 505-844-9315
\ ajmansu@sandiargov
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Project News

Tlltmeter Hydrauhc
‘Fracture Imaging

Pinnacle Technologies successfully

monitored a hydraulic fracture ina
steamflood where the temperature in
the tools was greater than 120°C
(~250°F). There were no failures, and
the fracture geometry was mapped

_ successfully. They also mapped a frac
.in real-time using surface tiltmeters.

Radio modems were used to collect the . .

data as the frac progressed, which
enabled the calculation of an azimuth
five minutes after the pumping started.
-Researchers retrieved the data from
a pair of tiltmeters in a seismic vault
near Elko, NV. The tiltmeters were set
“to record the tilt signal every four min-
utes, which is near the maximum sam-
 pling interval. Nearly a year of data is
available for a long-term drift study.
S. Hunter, LLNL 0 925-423-2219
- hunter5@linl.gov

505-844-3640
nrwarpl@sandla gov

N. Warplnskl SNL

Advancing MWD into
Ultra-Deepwater Drilling
Researchers are exploring alterna-
tive and simplified signal processing
techniques to evaluate whether some
of the constraints imposed on signal
processing can be relaxed on real data.

F. Followill, LLNL - 925-422-3920
foIlow1Il1@llnI gov

Dlrectlonal Underbalanced
Drilling and Microdrilling

Drilling and Completion Plan

A 1-11/16", outside diameter (OD),
5:6 lobe multistage mud motor was
deployed-on 1", OD coiled tubing with

a release sub and check valve. This
was assembled in a previously-drilled,
shallow starter hole and completed
with a grouted conductor pipe. An
improved conductor pipe design and a
near-optimum bit design for the less
gummy clays in the basin sediments
allowed the second two wells to be
completed in two days. All wells were
Completed with 1.66", OD PVC flush-
joint casing sealed with bentomte
grout,

Coiled-tubing Micro-drill Rig

Aunitized mud cleaning system was
mounted on a trailer and transported to
Fenton Hill (Los Alamos). A 2-3/8'-
diameter, 60'-deep hole was drilled
with a low-viscosity drilling fluid
using the new mud-cleaning system
and the coiled-tubing unit. The coiled-
tubing unit and mud-cleaning system

| performed well at moderate drilling

rates.

"Instrumentation

~ Pfogramming of the drilling data
acquisition system on a Labview™

platform was completed, and the data -
_acquisition system was successfully

demonstrated during the Fenton Hill
demonstration; however, the system
failed before the first hole was com-

‘pleted. Several problems with the data
- system were identified before a total

system failure took down the system.

D. Dreesen, LANL: 505-667-1913
' - dreesen@lanl.gov

Perforation Dynamics in
Geological Media

‘The third, computer-assisted tomog-

- raphy experiment (designed to mea-
- sure the permeability in a Torrey Buff

| Drilling, Completlon & Stlmulatlon Technology

sandstone core subsequent to perfora-
tion) was performed at Pennsylvania
State University. Torrey Buffis a tight,
medium-porosity sandstone with an
incipient permeability of 1-3 mD. It
was found that, even with a 750 psi
underbalance, a clean perforation was
not obtained, and the tunnel was filled
with damaged rock debris, explosive
debris, and jet metal.

L. Glenn, LLNL 925-422-7239

~ glenn5@Iinl.gov

Drill Cuttlngs Injectlon
Field Experiment

- The field work associated with this
project was completed during early =~

summer, through the final logging runs .
and survey work at the site. A total of

four core holes were completed

through the fracture zone, Characteris-
tics of the fracture system were deter-
mined by examination of the core,
analyses of imaging logs, detection of
tracers in the injected materials, and
comparisons of diagnostic techniques
(microseismic and tiltmeter) with the
observed fractures. Three papers were
presented at the 1999 Rock Mechanics
Symposium describing the overall
field activities, the microseismic
results, and the tiltmeter results.
(See Publications, Page 5)
N. Warpinski, SN 505-844-3640
’ nrwarpi@sandia.gov

Seismic Stimulation for

‘Enhanced Oil Reservoirs

Drainage and imbibition tests were
performed on a 1"-diameter sandstone
sample, using 3 percent brine as the

wetting phase and 10-weight oil as the

(Continued on Page 10)

bvi'ing'irﬁg‘ department of energy hatibhal?lébbrétories capabilities to the petroleum industry




__Partnership Progress

Project NeWs couionrarn

non-wetting phase. Baseline and

stress-stimulated production and fluid -

pressure drop data were obtained at

constant flow rate as a function of sat-

uration. Tests were performed with
both zero and 300 psi fluid back-pres-
sure. Mechanical stress stimulation
was applied in three different ways:

(1) continuous-wave 50-Hz oscilla-

tions, (2) broadband noise, and (3) a
repetitive, one-minute frequency
sweep from 20 to 200 Hz and back (30
seconds up and down).

P. Roberts, LANL 505-667-1199

proberts@lanl.gov

In-Well Imaging and Heating:
Multiple-Use Well Design

Difference images of electrical

o fesistivity tomography (ERT) field sur- -

veys obtained in March, and subse-
quently in May, show progressive
changes in the electrical properties in
the field, intensifying with respect to
the February baseline data. These
changes indicate the direction of steam
and fluid movement across the field,
intersecting a plane of horizontal pro--
duction wells and approaching the
location of the two hlgh -resolution
‘arrays.

Monitoring of
Particulate Emissions

The flow reactor in the SNL char
laboratory was used to make simulta-
neous measurements of the tempera-
ture, size, and velocity of burning
particles of coke formed during com-
bustion of heavy fuel oil in spray
flames in a boiler. Particles having the
same size and velocity did not all have
the same temperature, revealing that

- brlngmg d‘epa’rtmeﬁ fvevne’r»gy na’tvi‘or'iailu

The July difference image reveals
changes in the field that are consistent
with changes in field operations. The
boiler operator reported repeated
boiler outages prior to collection of .
this last dataset. The apparent
increases in resistivity, revealed in the
July difference image, are likely
related to the decrease in steam injec-
tion rate, relative to the injection rate
over the previous several months. The
crosswell ERT data continue to indi-
cate changes occurring in individual
formation units, although less so dur-
ing this time increment than the previ-

ous few months. This is also consistent -

with the reduced steam injection.

R. Newmark, LLNL " 925-423-3644
newmarki@lanl.gov

3D Analysis for
Induction Logging

The web site created to describe the
project includes pdf files for down-

- loading of recent articles, presenta- .

tions, and publications generated from
this project. The site can be found at -
http://132.175.127.176/ngotp/induc-
tion/home.htm.

Incorporation of anisotropy into the

3D finite difference code is progress-

there are differences in reactivity
among the particles produced from a

_given fuel under a given set of furnace

conditions. The width of the distribu-
tion of oil coke reactivities was similar
to that of a bituminous coal char, sug-
gesting that reactivity differences may
arise from differences in the thermal
histories of particles during coke for-
mation, as well as from differences in

"bbr'ato,r;les'idapéBilitié 7 T

ing, with the following developments

to report:

» Astorage scheme was restructured

~ for the preconditioning matrices in

the forward code to better utilize
FORTRAN libraries (SBLAS) for
optimized matrlx/vector opera— ‘
tions; and

* A method was developed to simu-
late the propagation of low-fre-

“quency electromagnetic (EM)

- fields in media with arbitrary,
anisotropic electrical conductivi-
ties.- (Augmentation is under way
on the existing modeling software
which currently simulates propa-
gation in isotropic conductors.)

The “low-frequency precondi-

tioner” which significantly increases

the rate at which forward models are
evaluated was updated to account for
EM induction in anisotropic conduc-
tors. : ‘
Researchers at the University of
Wisconsin-Madison are analyzing the
different analytical solutions available
for modeling boreholes and anisotro-
pic media.
G. Newman, SNL
: ganewma@sandia.gov
D. Alumbaugh, UW 608-262-3835
: __dialumb@uw.edu

Upstream Environmental Technology

the compositibn of the heavy ends
from which the coke is formed.

Measurements of particulate matter
(PM) at natural, gas-fired sources used
in upstream operations revealed that
total PM, as determined by US EPA
Method 5, was much greater than the
sum of the individual components
identified. Researchers used lasér-
induced breakdown spectroscopy for

(Continued on Page 11) .-

505-844-8158
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metals (iron, calcium, magne-sium,
and sodium), a photoelectric aerosol

sensor for polycyclic aromatic hydro-

carbons, and a laser aerosol spectrom-
eter for particles between 0.1 and 1.5
: mlcrometers

P.M. Walsh, SNL L ,‘925-294-3726

pwalsh@sandia.gov

Development of an In-Well
Oil/Water Separator
Bench-scale testing is being con-
ducted with a crude oil, designated
Ladybug Crude, provided by Texaco.

This is a Gulf of Mexico crude with an
API gravity of 34.06°, a specific grav-

ity at 60°F of 0.8547, a viscosity at
70°F of ~1030 cent1po1se (cP),and a
viscosity at 80° F of ~217 cP. The tests

were conducted at ambient condmons ,

(70 —80°F).
- Two problems were ldentlﬁed while

operating with this crude: (1) the sepa-

. 1ator appears to be limited by the size
‘of the heavy-phase and light-phase
collectors, and (2) the shear created by
the contact of the crude/water mixture
with the outer surface of the rotor
forms an emulsion that is difficult to
break. The small size of the collectors

resulted in both the aqueous and crude -

streams overflowing their respective

collectors. This caused contamination :
of the crude effluent by the water and

recycling of both the crude and water,
back to the rotor inlet, which would
reduce the throughput of the separator.
A new housing was fabricated that
increases the volume of the collector

rings by approximately a factor of four.

Tests with the new housing fed with
TBP/dodecane and a dilute nitric acid

solution indicated that the throughput ’

of the separator was approximately
doubled, while still being able to main-
tain <1 percent cross-phase contami-

nation in both the aqueous and orgamc ,

effluents from the separator.
J.F. Walker, Jr., ORNL =~ 423-241-4858

- wij@ornl.gov

Statlonary Source
Emission Control

... The plasma-assisted catalytic reduc-
tion process received two additional
patents. Various aspects-of the process
are now covered by the following U.S.
patents: “Plasma-Assisted Catalytic
Reduction System.” U.S. Patent No.
5,711,147, January 27, 1998; “Pre- .
Converted Nitric Oxide Gas in Cata-
lytic Reduction System.” U.S. Patent -
Number 5,891,409, April 6, 1999;

“Catalytic Reduction System for Oxy-
‘‘gen-Rich Exhaust.” U.S, Patent Num-

ber 5,893,267, April 13, 1999.
:Researchers completed installation .

of the piping between the full-scale

plasma/catalyst aftertreatment device

_ and the Cummins 6L, diesel engine
~ generator set. The engine was operated

at full flow. Researchers measured
pressure drops across the major com-

- ponents and the temperatures at vari-

ous locations for the full-flow case
without insulation. Heated lines for
chemical sampling of the exhaust gas
are being installed. One line is being

‘installed between the plasma and the

catalyst to measure the plasma oxida-

tion efficiency. The other line is being’
installed after the catalyst bed to mea-
sure the catalytic reduction efficiency.

B. Penetrante, LLNL 925-423-9745
penetrante1@llnl gov

Reducmg Chemlcal Use
and Toxicity in Produced
Water Systems

All data collection and ahalysis was °

completed on the use of nitrite to
inhibit pitting corrosion. A new, com-
posite-coated reference electrode was

‘evaluated in the same pitting-corrosion

test system. The electl‘odes have met-
als incorporated into a polymer coating
that makes the surface conductive.

‘Both silver- and molybdenum-coated

electrodes were resistant to corrosion
and thus would be useful as stable ref-

erence electrodes when used in very
corrosive environments.

A new polished elecnode concept
was tested in a chemical-pitting cell. A
positive correlation between the initial
coupon surface preparation and pitting
corrosion was demonstrated. A new
test loop with seven metal coupons and
three electrochemical noise probes was
also constructed. Two different
degrees of surface-polished coupons

-and electrodes were tested. The metal
~with the more polished surface
(1 micron) had the greatest electro-

chemical noise pitting signal, as.com-
pared to the less smooth (600 grade)
electrodes.

J. Frank, ANL 630-252-7693

JFrank@anl. gov.

Characterlzatlon of
Soluble Organics

Members of the Petroleum Envuon-

1mental Research Forum (PERF) met

during the first week in October to
finalize agreements on the specifics of
oil and water sample selection and ana- -
lytical protocol to identify their con-
stituents. Regardless of sample origin,
PERF members have requested thata
number of characterization parameters .
be used to develop a model for predict-
ing the toxicity of produced water dur-

ing drilling operations. These include: -

«  crude oil,
* whole oil gas chromatography,

«  deasphalting and liquid

chromatographic separation,

"= saturate fraction gas

chromatography,

= thiophene analysis by gas
chromatography with flame,
photometric detector,

» “formation waters,

*  major and minor cation analysis
by inductively coupled plasma
spectroscopy, ‘

_ (Continued on Page 12)
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. maJ or and minor anion analy51s by
- ion chromatography,
«  light organic acid analysis by ion

_chromatography; and
. carbonate and blcalbonate by

“titration.

A summary of possible American
Society for Testing Materials and
Environmental Protection Agency
methods was submitted to PERF staff
for approval as analytical protocol for

the required sample analyses. Analyti- -

cal equipment is now being located
“and set up in anticipation of a sample
submittal. Addltlonally, pressurized
equipment is being acquired in the
event that the PERF committee

Bioprocessing of
High Sulphur Crudes

Researchers configured a supercriti-
cal fluid bioreactor equipped with dual
high-pressure sample valves. Initial
system stability testing revealed some
uncertainties associated with tempera-
ture control of components as assem-
bled. Pressure control was satisfactory;
therefore, modifications in the temper-
ature-control-system and reactor . _
assembly are being made for improved
stability and control. Researchers
believe that isothermal system opera-
tion for sample introduction, treat-
ment, and acquisition is functional.
‘Solubility samples of diben-
zothiophene (DBT) in supetcritical
carbon dioxide were obtained at 45°C
from 900 to 2,900 psi..

- Researchers fabricated a fiber optic-
based absorption system for measure-
ment of solute in supercritical fluids to
be used to verify solubility measure- -
“ments and sampling techniques. The
fiber optic system is based on a con-

requests the preparation of simulantsat

high pressure and temperature.
W.V. Steele, ORNL 423-576-7696
steelewv@ornl.gov

Sulfide Removal in
Produced Brines

The investigation of additional sul-.

fur sources for growth and mainte-

nance of sulfide-oxidizing, nitrate-
reducing bacteria is nearly complete.
Researchers confirmed the utilization
of thiosulfate and tetrathionate by what
appears to be either a variant of

Coleville Organism (CVO) oraclosely -

related organism. Efforts are focusing

| . stant volume static cell to minimize

variations in fluid conditions between
the dissolution and measurement
regions. Multiple path lengths in a sin-
gle cell will allow the determination of
solubilities over a wide range of con-
centrations. The technique was evalu-
ated and is reproducible. Absorption
measurements for DBT in CO, ata
series of temperatures and pressures
were made. Solubility curves were
generated for temperatures between

25° and 60°C, and pressures between

1,000 and 5,000 psi. -
G. Bala, INEEL 208-526-8178
: gb3@inel.gov
D. Ginosar, INEEL 208-526-9049
‘ dmg@mel gov

, Blologlcal Upgrading

of Heavy Oils

“Cultures were tested for their ability -

to hydrogenate high-molecular-
weight, polycyclic aromatic hydrocar-
bons (PAHs). Hydrogenation reactions
occur, but yields are low. Low yields

on experlments to define the ut1hzat10n
of sulfide by these cultures after ampli-
fication on alternate sulfur sources.

In direct comparison to cultures of
the original CVO isolate, the INEEL
isolate can reduce nitrate (10 mM) and
use thiosulfate (6 mM) fairly rapidly,
and can use tetrathionate (3 mM) less
rapidly: INEEL’s isolate can oxidize
sulfide in the presence of nitrate,
although it is slower than the original
CVO isolate. The original CVO isolate .
does not oxidize thiosulfate or
tetrathionate.

. 208-526-8178
gb3@inel.gov

G. Bala, INEEL

| ;'Downs't'ream Environmental Technology

may be the result of poor reaction effi-
ciencies, but it is also possible that the
reaction is continuing past the desned
product (dihydrodiol).

W. Stringfellow, LBNL 510-426-7903
-WStringfellow@Ibl.gov

Real-Time Characterization
of Metals in Gas and

Aerosol Phases

The field portable unit of a miniatur-

ized laser-induced plasma spectros-

copy system consisting of several
advanced components (laser, detector,
digital control, and aerosol beam-
focusing device) was assembled. The
final configuration of this prototype

“unit has a physical dimension of

approximately 18" x 17" x 10"
(L x W x H) and weighs ~50 pounds.

M.-D. Cheng, ORNL 423-241-5918
. chengmd@ornl.gov

(Continued on Page 13)
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A Predlctlve Model of Indoor
‘Concentrations of Outdoor
PM3 5 in Homes

Researchers are assembling instru-
mentation and will plan for the various
experiments required for evaluation of
the terms in the mass balance equation.

Experiments will be performed in a
“prototype” experimental house
located at the Richmond Field Station
of the University of California-Berke-
ley, as part of setup/calibration exer-
cises and preliminary study before the
SJV field studies.

Aerosol Dynamics initiated con-
struction of double-cell systems for the
simultaneous measurement of the con-
centration of indoor and outdoor
PM, 5 sulfates, nitrates, and carbon-
aceous aerosols. The systems are

Models for Deep Water
Oil and Gas Production

 VFLOW2D

The panel-to-point 2D fast solver
was completed. For a simulation of a

~| cylinderundergoing 20 diameters of

motion, this improvement resulted in a
speed-up of the total code by a factor
of five. Workers continue to refine the
wall-layer mesh to accurately resolve
the boundary layer over a cylinder.

VFLOW3D.

- Improvements were made to the 3D
fast solver to allow the fast multipole
coefficients to be distributed across

multiple processors instead of storing ;

all coefficients on every processor.
This improvement was verified, and
the code is undergoing scaling perfor-
mance testing for very large problems.

” energy:n:atibhal I'a'bvo'r_a"tvo' ies ¢

“designed to yield 10-minute time reso-
lution. Precision and accuracy testing
and evaluation will occur this fall.

N. Brown, LBNL -
njbrown@lbl gov

Enzymatlc Upgrading of -
Heavy Crudes via
Conversion of PAHs

aromatic hydrocarbon (PAH) conver-
sion were modified with hydrophobic

solvents. Polyethylene glycol (PEG)
and benzyl groups were attached to
cytochrome c and its activity deter-
mined in organic media. Experiments
were conducted in aqueous + aqueous-
miscible solvent mixtures as well as

~ with aqueous-immiscible solvents (tol-

510-486-4241

Enzymes active towards polycyclic -

groups to make them active in organic .

uene and decane). Results indicate
improved activity of both modifica-
tions in aqueous-miscible solvent mix-

“tures (up to 40 percent acetonitrile).

Enzymes require water to function;
therefore, experiments with aqueous- -
immiscible solvents were conducted in -
the presence of water. Two different
water contents were studied: ~0.1 per-
cent and 5 percent. The activity of the
enzyme was observed to be substan-
tially lower in organic-immiscible sol-
vent systems. The activity of PEG-
modified cytochrome ¢, however, was
found to be four times higher than the
unmodified cytochrome ¢ in a 95 per-
cent decane - 5 percent aqueous buffer
system with dlbenzothlophene as the
substrate.

E. Kaufmann, ORNL 423-574-6624

ekn@ornl.gov

‘Defense Programs Supported

- Computational Projects

The code for 2D diffusion using the
redistribution method was tested. The
method was extended to 3D and is
undergoing stability and performance
analysis. Work is also continuing on
convection and diffusion of the vortic-
ity from the surface into the free
stream. Two papers were presented
(See Publications, McBrlde et. al.,
Page 5).

C. Peterson, SNL

Geologic Structure and
Reservoir Mechanics

JAS3D was successfully coupled
with the IPARS reservoir simulator.
The coupling was two-way with pore
pressures from IPARS internally
passed to JAS3D and calculated poros-

IPARS. A simulation involving the

505-844-6775
‘cwpeter@sandia.gov

ities from JAS3D internally passed to -

surface submdence resulting from four
production wells was used as a demon-.
stration calculation.
- Improvements to the contact surface
algorithm were implemented to handle
numerical problems associated with
multiple contact surface constraints
acting on a node. The improvements
made the algorithm more robust and
allowed problems which were previ-
ously intractable to be solved.

Generalized finite-element (GFE)
capability was added so that it is possi-
ble to enrich the interpolation in eight-
node-hexahedra, specifically for far-
field problems. Two different classes
of far-field problems were solved
using the:GFE approach. -

A coupled fluid flow/geomechanics
calculation was performed using the

smooth, single-surface, cap plasticity -

(Continued on Page 14)
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model. This calculation repeated a cal-
~ culation that looked at surface defor-
mations in the South Belridge diato-
mite fields. The previous calculation
used the extended Sandler-Rubin
(ESR) cap plasticity model for the diat-
omite material behavior. The most -
important result from this comparison
was that the calculation ran 3 1/2 times
faster using the smooth model.

M. Stone, SNL 505-844-5113

cmstone@sandla gov

3D Imaging of
Complex Geologies

Researchers completed runs on seis-
mic data for the SEG/EAGE salt model
for line A-A'". These data were for-
ward-propagated with absorbing =~
boundary conditions at the surface.

- Thus, surface multiples are not pro-
duced in the data, which substantially
reduces noise beneath the salt struc-
ture.

Salvo was announced as an R&D

100 winner on June 29 (See Page 4).
The report for the Salvo users’ guide
was approved by the Partnership. The
guide includes the manual for code use
as well as complete documentation of
the algorithms in Salvo.. -

Participants implemented and tested
an absorbing layer in the current ver-
sion of Salvo. Reflected energy from -

| the side boundaries was greatly re-

- duced, improving migrated images.
Initial tests with the reduced-source
migration show encouraging results.

" ‘Salvo was included as a “Cplant tar-
get application,” and a series of perfor-

mance studies on the Cplant a1ch1tec— ,

ture were done.

| D.Womble, SNL 505-845-7471

- dewomble@cs.sandia.gov
C.C. Ober, SNL 505-844-1846
) ccober@cs.sandia.gov

Reducing Certain Seismic
Data Acquisition Costs
Participants added shaped-charge -

experiments to their computer simula-
tion activity. A series of four experi-
ments is planned involving small

(<2 1b) high explosive charges deto-
nated inside large concrete blocks.
Researchers will compare the effects

- of a simple, cylindrical charge (“base

case”) to three other charges incorpo-
rating various shaped-charge features
derived from computer simulations.
Concrete is advantageous for its avail-

- ability and well- cha1 acterlzed proper-

ties.

The final design of the experimental
charges was completed, even though
some details remain to be worked out.
C. Simonson, LLNL 925-422-6569
, . simonson2@lint.gov
D.B. Clarke, LLNL - 925-422-6593

: - clarke1@lint.gov

Coupled Rock/
Fluid Mechanics

Statistical techniques for assessing
‘damage are further developed. In par-

ticular, the standard semi-variogram
techniques are being utilized for dam-
age characterization, and methods of
texture analysis are being considered.
A histogram equalization algorithm'
was implemented to address the diffi-
culty in normalization between scan-
ning electron microscope image gray-
scales when making statistical compar-
isons between the images. The algo—

rithm changes the gray-level values in .

a given image so that the image histo-
gram matches that of another desig-
nated image or any predeﬁned
hlstogram

A semi-variogram analy51s of shock
recovery experiments is in progress.
The statistics of the shock-recovered
samples are being compared to the sta-
tistics of an undamaged sample.

Particulate Flow
Researchers are using the finite-ele-
ment Navier Stokes solver, GOMA, to
model the viscous resuspension of sed-
iment (that removes the perforation

damage) in an underbalanced perforat-
ing operation. Several improvements
to the constitutive equation currently
in GOMA were accomplished. Com- -
parisons of model results to nuclear
magnetic resonance data gathered in -
this project show that in some complex
flows (those with significant curva-
ture, for example) the original model
did not predict the correct qualitative
behavior. Improvements increased the
types of flows for which the model is
applicable. ~

505-665-7871

R. Swift, LANL
v ‘ bswift@lanl.gov
B. Nellis, LLNL 925-422-7200
-nellis1@linl.gov
L. Mondy, SNL. 505-844-1755

lamondy@sandia.gov

‘Near Wellbore Mechanics

- MIMES is being used to model
compaction zones often seen in highly
porous sandstones, both in the field
and-in laboratory experiments. Com-
paction zones are regions of significant
deformation caused by pore space
crushing. Models of this phenomenon
consist of an assemblage of particles of
different sizes-and shapes representa-
tive of sandstones. The particle assem-
blage is bonded at the contact points to
simulate the effect of cement.

MIMES upgrades are now available.
at http://mimes.mit.edu, where a
password-protected Zipped file can be
downloaded. The web site also has
sample problems available.

A MIMES training course was held
for industry participants during May. -
The 2 1/2-day course had 11 partici-
pants who learned basic discrete-ele-
ment modeling theory as well as code -
usage. MIMES was installed on the

- participants” own laptop computers,

upon which they exercised the model
on a wide variety of problems.
D. Preece, SNL 505-844-6259
dspreec@sandia.gov
(Continued on Page 15)
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O|I and Gas Data
Infrastructure

The University of California-Santa

Barbara started reporting the function-

ality of the Java™-based computer

application. This data system was beta- -

tested extensively and subsequently
installed in Sacramento in September.

J. Wagoner, LLNL 925-422-1374
: - wagoner1@Iinl.gov

Advanced Reservoir
- Management (ARM)

The reservoir fluid-flow simulations.
-show that two factors may be impor-

‘Subsalt Imaging with Marine
-Magnetotellurics (MT)

‘A new gravity-inverse algorithm
‘was developed that is robust and suit-
able for incorporating into a joint MT-
gravity-seismic inverse. The prototype
Jjoint MT-gravity inverse algorithm is
working successfully under test condi-
tions.
A consortium spawned the creation

~of a service company (Arnold Orange
Associates), which prov1des MT sur-
veys worldwide. .

- H.F. Morrison, LBNL 510-642-3157
~ * hfmorrison@Ibl.gov

‘Modeling and Processmg
Seismic Data
Researchers compared modeling ;

results obtained using the extended
local Rytov approach to results

obtained using a finite-difference mod- -

eling approach. The Rytov approach
models only one-way wave propaga-
tion and does not include reverbera-
tions. The finite-difference modeling

tant to improve the past production

‘match: porosity distribution and the.
- presence of thief zones. Dynamic sim-

ulations demonstrate that the present
geologic model may incorrectly ac-
count for reservoir storage capacity
and-original oil in place (OOIP). The
dynamic match of water production

-history has been shown to be extreme- :
ly sensitive to OOIP and to the exist-

ence of high-permeability zones or
zones with high relative permeability
to water. The dynamic modeling

guided the reservoir study team to re- -

examine the existing geologic model

- and to reanalyze log data, particularly

approach models the complete wave.
equation. For media where backscat-
tering is not important, researchers
find that the Rytov approach gives
traces that agree almost exactly with
those obtained from finite-difference

" modeling.

505-667-1925

M. Fehler, LANL
. fehler@lanl.gov

- Optimal Fluid Injection
Policy and Producibility

LBNL is developing an innovative

set of computer-assisted-operations

software tools and microsensors to
promote higher, cheaper, and safer
recovery from fractured, low-perme-
ability oil fields. The following were
demonstrated: (1) hydrofracture exten-
sion during water and steam injection
is inevitable and can be catastrophic at
times, (2) fluid flow is almost perpen-
dicular to the growing fracture and can
be approximated by a 1D model, and
(3) average rate of fracture growth can
be predicted from early injection data.

gamma and SP data, to improve calcu—
lations of shale fraction.

The data for geostatlstlcal character-
ization of the.Carpinteria Reservoir
was imported into the RC2 software
package. These data include six to
eight well logs for each of more than
200 wells. Marker data, deviation sur-
vey data, and surfaces from marker.
distributions were also imported. Spe-

.cial core data exist for many of the

wells, as do pressure test data.

505-667-3595

E. Whitney, LANL
: . whitney@lanl.gov

~ Office of Science-SuppOrted
| Computatlonal Projects

Researchers designed an optimal
process-based injection controller. The
controller inputs are the history of the
111_] ection pressure and cumulative
injection, along with the fracture size.
The output is the injection pressure;
the control obJ ective is the injection
rate. .

T. Patzek, LBNL . 510-643-5834
patzek@patzek.berkeley.edu

Advanced Computational
Analysis of Drill Cuttings

Work continued on implementation
of software needed to convert 3D pore

. Space images into a network on which

numerical simulation of flow proper-
ties can be performed. Work has
focused on transfering code between
operating systems, debugging, and
function checking each program seg-
ment. Initial processing was performed
on a 3D, high-resolution x-ray CT
image of one of the project reference
rocks, Salt Wash North sandstone.
L. Myer, LBNL 510-486-6456
~ Irmyer@Ibl.gov
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