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Changes
We are expanding into new

" research areas. The new Ulira-
Clean Fuels subarea of Down-
stream Processing and Environ-
mental addresses the nation’s
Ultra-Clean Fuels Initiative. Our
efforts will include two main
‘areas: Refinery Processes and
Syngas. '

We also have great interest in
using our research portfolio to

water technology as outlined in
the Department of Energy’s “Off-
shore Technology Roadmap for

best practices for technology
transfer..

‘See the related news notes,
Page 5. . ,
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Mounds Drrill- Cuttlngs
Injection Experiment

il field drilling and production
operations generate large vol-
‘umes of contaminated waste
materials that must be disposed of in
accordance with regulatory statutes

established to protect the environment.

Oil-based muds used during the drill-
ing process result in large volumes of
contaminated drill cuttings—one of
the most acute disposal problems. In
offshore or arctic regions, the cost of
barging or trucking these wastes to a
disposal site is significant. Injection of
these waste materials into deep forma-
tions has proven to be economically
attractive and environmentally safe.
During the injection process, the
drill cuttings are ground, slurried, and
pumped into disposal zones—deep
formations at depths where they will
not interfere with aquifers and min--
eral-bearing formations. The process,
which usually occurs over a period of
several weeks or more, consists of sus-
tained injection during the day and
shut-down during the night. In this
cycle of injection and shut-down, the
slurry loses its fluid into the formation
during the overnight period, and the
solids remain as a dense pack in either
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a fracture or in some disaggregated
zone. After sufficient solids are packed
into a disposal zone, it is thought that a
new fracture or zone is likely to ini-
tiate, probably in a slightly different
direction. When branching occurs
many times, the disposal zone can hold
large volumes of waste, and it is then
called a disposal domain.

Although drill-cuttings injection has
been used extensively for the last
decade, the exact processes of fractur-
ing, branching, disaggregation, and the
overall formation of the disposal
domain have not been fully character-

“ized. The Mounds Drill-Cuttings

Injection Field Experiment was
designed to augment understanding of

. these processes to improve the design

and operation of cuttings-injection
projects.

See Mounds Experiment, Page 2
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Mounds Experlment

(Contlnued from Page 1)

The experiment, conducted at the
Mounds, OK, site was a comprehen-
sive field test that assessed injection
technology. Primary objectives were to

~= provide a basic physical under-
standing of the injection process,
-« demonstrate applicability of geo-
physical monitoring techniques
for this process, and

« validate physical models of the

Process Or processes.
The test was funded by a consortium of
industry participants; the Gas Research
Institute (now Gas Technology Insti-
tute [GTI]), who managed the project;
and the NGOTP (through Sandia
National Laboratories). -

* The experiment was designed with a-

central cuttings injection well, two
monitor wells for geophysical imag-
ing, and several deviated lateral core-
holes to sample the fracture at various
~ locations (Figure 1). The cuttings,

grinder, blender, and pumping equip- '

ment to process the cuttings stream and
inject it into the formation was located
on the surface. Cuttings were injected
into two intervals: the Wilcox sand-

~ stone, a friable, moderate-permeability

sandstone, and the Atoka shale.

The monitoring well to the south of
the injection well contained a five-
level receiver system positioned across
from each injection interval to detect
microseisms generated by the changes
in stress.and pressure. The ensemble of
- microseism locations was used to infer
the size and shape of the injections.

The monitoring well to the north con-

tained an eight-level tiltmeter array
positioned across from each injection
interval. The tilt field generated by the
opening of a crack (or an otherwise
pressurized zone) was inverted to

" determine the size and shape of the
deformed zone around the injection
point. Surface tiltmeters were used to

determine the azimuth and dip of any

created fractures. In addition to the
geophysical monitoring equipment,
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Figure 1. Schematic of Mounds experiment layout.
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F|gure 2. Plan view of Wilcox momtormg results from surface tlltmeters mlcroselsms
~~and cored fractures. N ~

bottom-hole pressure measurements -

were made in the injection well, and

batch of cuttings. Four deviated lateral
coreholes placed after the injections

included two in the Wilcox zone, one

in the Atoka interval, and one above .
the Wilcox zone.
The mjectlons cons1sted of 17 sepa-

- sandstone and 20 separate tests over
“three days in the Atoka shale. Injec-
‘tions were usually 50 barrel (bbl) vol-

_ various tracers were injected with each -
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rate tests over three days in the Wilcox

umes, but the-last few tests were
stepped up to 100 bbl volumes. Rates
of injection were about three barrels -

See lnjeétions, Page 3
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Injections
' (C‘ontinue‘d from Page 2)

per minute (bpm), and shurry densities
‘were typically 9.8 pounds per gallon.
For the Wilcox tests, Figure 2 shows
the range of azimuths measured by the
surface tiltmeters, the zone of
microseismic activity from all injec-
tions, and the locations where each of
the deviated lateral coreholes inter-
sected a cuttings-induced fracture. All

three monitoring techniques show that -

multiple fracture azimuths were
induced during the three days of injec-
“tion. In particular, 21 fractures over a
38-ft interval were found in Sidetrack
#1, and 9 fractures over a 45-ft interval
were found in Sidetrack #4. The range
~ of azimuths in the Wilcox testing was
80-35° clockwise from north.
Individual injections were carefully

| examined for size and geometry using

Inicroseismic event locations and
~downhole tiltmeter results. The down-
hole tiltmeter data were inverted for a
best-fit height and length to match the
measured values. For example,
Figure 3 shows the event locations for
one of the 50-bbl injections, the down-
hole tiltmeter geometry, and the frac-
ture height obtained from radioactive
tracers as a function of elevation and
distance from the wellbore. On the left
is a gamma log with the injection inter-
val noted. Results generally compared

al favorably, with some discrepancies

always present because of the differ-
ence in monitoring methodologies. In
this case, growth was predominantly
upward and was confirmed by one of
the intersecting coreholes. ;
 Many of the fractures observed in

the coreholes were quite complicated

(Figure 4). In this case the fracture
consisted of multiple strands (some at
-oblique angles to the plimary fracture
strike and dip). The main fracture,
which is filled with considerable cut-

- tings material, runs from left of the top

center toward the bottom right. Other

fractures are subparallel to this. Bed-

ding runs orthogonal to the fracture.
Results in the Atoka shale were not
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Figure 3. Side view of microseisms, downhole tiltmeter inverted geometry, and

radloactlve tracer height.

Figure 4. Intersected fractures showing complexity.

as dramatic as in the Wilcox sandstone.
Figure 5 shows the monitoring results
from surface tiltmeters, microseisms,

. and the cored fractures. In this zone,

only one corehole was placed through

the fracture interval, and 26 fractures

_ tange of azimuths in this interval is 85—

 seisms were also detected in this inter-
- val than in the Wilcox zone.

were detected over a 32-ft width. The

120" CW from north. Fewer micro-

" ~See Results, Page 4




Results

(Continued from Page 3)
Results from the geophysical moni-
toring, cored intersecting wells, and
bottom-hole pressure are now being
used to refine models of the process
and to develop strategies to assure con-
tainment of the cuttings. The results
from the Mounds Drill-Cuttings Injec-
tion Field Experiment show that rocks
" having some consolidation are frac-
tured during the cuttings-injection pro-
cess. With repeated injections,
multiple fractures can be formed, and a
disposal domain that holds significant
volume may result. The size of the dis-
posal domain can be monitored with
both downhole receivers (microseis-
mic monitoring) or downhole tiltme-
ters to assure confinement w1th1n
predlcted intervals.

Environmental and economic bene-
fits result from this technology. Envi-
ronmentally, the drill cuttings can be
disposed of onsite, avoiding danger of

spilling during transportation to a dis-

Griffin, L.G., C.A. Wright, E.J. Davis, L. Weijers, and Z.A.
Moschovidis. “Tiltmeter mapping to monitor drill cuttings dis-
posal.” Proceedings of the 37th U.S. Rock Mechanics Sympo-
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Flgure 5. Plan view of Atoka results from surface tilimeters, microseisms, and cored

fractu res.

posal site. Instead, cuttings are placed

- back in the ground where they cannot
* contaminate groundwater or crop-
lands. Disposal sites are not necessary.
. Economically, the cost of injecting. .

these materials is considerably less

This research was ﬁmded by the Natlonal Petroleum
- Technology Office of the U.S. Department of Energy
- through the NGOTP, the Gas Research Institute (now

than the current process of onsite stor-
age, transportation to a disposal loca-
tion, and final disposal of the stored

" materials. Economic benefit is particu-

larly significant in offshore and arctic
regions, and in any environmentally
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Proceedings of the 1987 Society of Petroleum Engineers/Annu-
al Technical Conference and Exhibit (SPE/ATCE), New Or-
leans, Louisiana, September 27-30, 1998.
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Rock Mechanics Symposmm Vail, Colorado, June 6-9, 1999.

Norman -Warpinski, SNL
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nrwarpi@sandia.gov




Partnership News

' Technology Area Reviews

- In October, the Partnership completed annual project and
new proposal reviews for the Ultra-Clean Fuels, Down-
stream Processing and Environmental, and Upstream Envi-
ronmental technology areas. In November, the Partnership
also completed annual project and new proposal reviews in
the Drilling, Completion, and Stimulation; Oil and Gas
‘Recovery; and D1agnost1c:s and Imaging technology areas.
Both sets of reviews were held in Houston, -

The Ultra-Clean Fuels subarea, which will be part of the
Downstream Processing and Environmental Technology
area, addresses the nation’s Ultra-Clean Fuels Initiative. The
U.S. Department of Energy (DOE) is undertaking the Initia-
tive in which the DOE national laboratories will partner with

The Partnership call was based on a DOE-sponsored one-
day industry roadmapping workshop held May 3, 2000 in
Houston, to identify research needs. In response to industry
preferences developed in the roadmap, the Partnership solic-
itation requested proposals in two main areas: Refinery Pro—
cesses and Syngas. -

Ultra Deepwater Research
DOE Fossil Energy recently has been focusing on an “Off-

shore Technology Roadmap for Ultra-Deepwater Gulf of

Mexico.” The Partnership has great interest in using its
research portfolio to answer needs for ultra-deepwater tech-
nology and in enabling technology transfer to the domestic
industry. This will be a discussion item in upcoming Partner- -
ship meetings as we brainstorm approaches to address these -

U.S. industry to develop better technologies fo1 ultra-clean

fuels ’

areas of growing technology needs. As always, we solicit
suggestions from industry and other interested parties.

Researchers Win Awards for Publlcatlons

High-Resolution Reservoir
Characterization Using
Seismic, Well, and
Dynamic Data

A paper by NGOTP researchers pub-
lished in the December 1999 issue of

the SPE Journal, “Integrating dynamic ’

data into high-resolution reservoir
models using streamline-based ana-
lytic sensitivity coefficients,” was
named the best peer-approved techni-
cal paper of the Society of Petroleum
Engineers (SPE) for 1999.

Don Vasco, of LBNL, Akhil Datta-
Gupta, of Texas A&M, and Seongsik
Yoon, a doctoral student of Datta-
Gupta, received Cedric K. Ferguson
‘awards October 2, at the society’s
annual meeting in Dallas. Their
method for characterizing reservoirs
during secondary recovery of oil—
which uses fast-changing data from
injection and production wells—may
increase economic information avail-
able for decisions about whether and
where to drill new wells.

The new method updates reservoir
models rapidly by using the arrival

time of injected water at the well-head

- of production wells to get a picture of

the permeability of the reservoir. It
measures ray paths that are actually the
flow lines of the water—called stream-
lines—from the injection well to the
production well.

After refining the numerical tech-
nique, the researchers successfully
tested it using data from wells in two
sections of the North Robertson Unitin

‘west Texas, mapping the streamlines

from 27 production wells back to their

~sources in 17 injection wells. Now,

only a single simulation run is needed
to do a “back projection,” which forms
a context for integrating the continuing
flood of new data.

Drill-Cuttings Injection
Field Experiment

Papers about the Mounds Drill-Cut-
tings Injection Field Experiment were
nominated by members of the Ameri-
can Rock Mechanics Association and
selected by an independent committee
to receive the 2000 U.S. National
Committee for Rock Mechanics Case
Histories Award for significant, origi-

nal contributions to rock mechanics.
The papers were presented in the Drill
Cuttings Disposal Session of Vail
Rocks ‘99, held June 1999, in Vail,
CO. The award was presented at the

*Fourth North American Rock Mechan-

ics Symposium: Pacific Rocks 2000:
Rock Around the Rim (July 30-August
2, University of Washington, Seattle).
This is the first time that this award has
been presented for the papers of a ses-
sion as a group.

During the session, four papers were
presented on the nature of fractures =
created by a cycle of disposal injection

- followed by shut-in. Laboratory evi-

dence (from injections in large blocks)
and field-scale evidence (from the
Mounds Drill-Cuttings Injection: .
Experiment) indicate that the cycle -
creates a disposal domain consisting of
a complex system of interconnected -
fractures that creates a large localized
storage capacity where relatively large
quantities of cuttings can be deposited.
Research methods, results, and impli-
cations of the Mound Drill-Cuttings
Injection Experiment are topics of this

- issue’s feature story (Page 1).
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Aldridge, D. 2000. Seismic Q modeling with the standard linear solid.
Presentation at-the Society of Exploration Geophysicists Interna-
tional Exposition and 70th Annual Meeting, August 6-11, Calgary,
Alberta, Canada.

Arbogast, T., L. Cowsar, M.F. Wheeler, and 1. Yotov Mixed ﬁmte el-
ement methods on non-matching multiblock grids. ST4M Jozn nal
on Numerical Analysis 37 no. 4 (2000): 1295-1315.

““Daily, W.; A. Ramirez, and R. Newmark. 2000. High-resolution elec-
trical imaging of a reservoir during production. Presentation at the
- Society of Petroleum Engineers/American Association of Petro-
leum Geologists Pacific Section Convention and Western Regional
Meeting, June 19-22, Long Beach, CA.

House, L., S.C. Larsen, and J.B. Bednar. 2000. 3D elastic numerical
modeling of a complex salt structure. Presentation at the Society of
Exploration Geophysicists International Exposition and 70th Annu-
al Meeting, August 6-11, Calgary, Alberta, Canada.

Hoversten, M. Advances in electromagnetic methods for petroleum
applications. Workshop presented at the Society of Exploration:
Geophysicists International Exposition and 70th Annual Meetmg,
August 611, Calgary, Alberta, Canada. *

Lee, W., M. Noh, and M. F. Wheeler. “Air-Water Flow. Snnulatlon in

: Unsaturated Porous Media,” In Computational Methods in Water
Resources, Vol. 1 Compumrional Methods for Subsurface Flow and
Transport, Ed. L.R. Bentley, et al. 93-100. A.A. Balkema, 2000.

Lu, X:,and D. L. Alumbaugh. 2000. A preliminary study of horizontal

induction logging in anisotropic media. Presentation at the Society

. nual Meeting, August 611, Calgary, Alberta, Canada.
Newmark R., W. Daily, and A. Ramirez. 2000. Electrically imaging

- EOR stimulation using steel-cased boreholes. Presentation at the
Society of Petroleum Engineers/American Association of Petro-

Meeting, June 19-22, Long Beach, CA.

Codes,” In Computanonal Methods in Water Resources, Vol: 1
Compumtional Methods for Subsurface Flow and Transport, Ed.
L.R. Bentley, et al. 175-182. A.A. Balkema, 2000.

Sahni, A., M. Kuma, and R. Knapp. Investigation of electromagnetic
heating methods for heavy oil reservoirs. Presentatio‘n‘at the Society

© Weiss C.J;, and G.A. Newman. 2000. Electromagnetlc induction in a

“"Wheeler, M.F., J.A. Wheeler,.and M. Peszynska. “A Distributed Com-

of Exploration Geophysicists International Exposition and 70th An- k

leum Geologists Pacific Section Convention and Western Reglonal ]

Peszynska M., L. Qin, and M. F. Wheeler. “Mu1t1p11y51cs Couphng of

 of Petroleum Engineers/American Association of Petroleum Geol- i
ogists Pacific Section Convention-and Western Reglonal Meetlng, <
* June 19-22, Long Beach, CA.

Wallstrom, T.C., S. Hou, M. A. Christie, L I Dur]ofsky D. H. Sharp,
and Q. Zouw. 2000. Eﬁ’ecnve medium boundm'y conditions for up-

« Scaling relative permeabilities. Los Alamos Unclassified Report
"LAUR 99-6488. Presented at Upscahng Downunde1 F ebruary T-
10, Melbourne, Australia.

_fully 3D anisotropic earth. Presentation at the Society of Explora-
tion Geophysicists International Exposition and 70th Annual Meet-
. ing, August 6—11, Calgary, Alberta, Canada.

Wheeler, M.F. 2000. Multiphysics and multiscale for energy and en-
Vlronmental modeling. Invited plenary-address at the First Society
“for Industrial and Applied Mathematics (SIAM) Computational
_Science and Engmeermg Symposium, September 21-24, Washmg- !
ton, DC.

‘Wheeler, M.F. andI Yotov Multigrid on the mterface for mortar
mixed finite element methods for elliptic problems. Computer
Methods in Applied . Mechamcs and Engineering 184 (7000) 287-
302. -

puting Portal for Coupling Multi-Physics and Multiple Domains in
Porous Media,” In Computational Methods in - Water Resources,
Vol. 1 Computatzonal Methods for Subsurface Flow and Transport,
Ed. L:R. Bentley, et al. 167-174. A.A, Balkema, 2000.
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- -Subsurface Flow on PC Cluster, © InHzghPe; formance Computing
2000. Ed. A. Tentner. 318-323. SCS. 2000.

Riviere B., and MLF. Wheeler. “A Posteriori Eiror Estimates and Mesh
Adaptatlon Strategy for Discontinuous Galerkin Methods Apphed
to.Diffusion Problems,” In TICAM 00-10, 2000. :

Riviere B., K. Banas, and M.F. Wheeler. “hp 3D Flow Simulations of
Dlscontlnuous Galerkm Flmte ‘Element Methods,” In. T T CAM 00-
29,2000.

Riviere B., and M. F Wheeler “Optimal Error Estimates for Discon-
tinuous Galerkin Methods Applied to Linear Elasticity Problems,”
“In TICAM 00-30, 2000. '

Project News

Improved Waterfloodlng

The Greater Monument Butte
‘Region of Utah was selected for evalu-
ation of the improved waterflood pro-
cess because its reservoir and crude oil
characteristics fit preliminary screen-
ing criteria for application of the pro-

cess. Inland Resources, Inc. (IR),

operator of a waterflood in the region,
agreed to provide data and samples for
use by INEEL and the University of
“Wyoming {(UW) to evaluate whether
injecting a dilute brine in this water-
flood enhances oil recovery. ‘

INEEL examined core stored at the
Utah Geological Society from six dif-

O|I & Gas Recovery Technology

ferent wells from the Monument Butte
Region and selected core material
from five wells for use in the evalua-
tion. IRI provided data, field informa-
tion, crude oil, and brine. TerraTek,
Inc., is preparing core plugs for labora-
tory testing, including drilling and

Continued on Page 7

roleum industry
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| PrOj e Ct N EWS (Coﬁtinﬁéd ffom fage 6):

cleaning the plugs and measuring
porosity and permeability. Results
show a significant increase in some
crude oil/brine/rock systems
Testing continues to determine the
effect of initial brine saturation, brine
dilution, and crude oil characteristics
on effectiveness of using dilute brine
to increase efficiency and to develop
criteria for reservoir selection. The
evaluation of the process by BP using
reservoir condition tests shows posi-
tive results for reservoirs of interest.

E. Robertson, INEEL = 208-526-7456
. *epr@inel.gov

Improved Prediction of
Multiphase Flow

This project is in its final stage. A
few small-scale experiments were con-
ducted to resolve issues inthe func-
tional 1elationship between the amount
of residual oil in a mixed-wet system

-and the reversal point on the main
drainage capillary pressure curves.
Final results are included in two manu-
scripts (in preparation). The three-
phase hysteretic theory for water- and
mixed-wet cases was recently tested
against newly acquired experimental
long-column data. The results were -
satisfactory. ~

M. Oostrom, PNNL 509-372-6044

m oostrom@pnl gov

: New-Generatlon Petroleum
Reservoir Simulator

A lightweight visualization option
was implemented that will be useful
for examining details of flow between
wells or through extremely hetewge—

- neous regions of the reservoir.

A restart capability for multimodel
cases and multiblock geometries was
implemented. It allows adaptivity, e.g.,
multiblock simulations where the mor-

- tar spaces can vary between time steps.

Additional testing of the mortar and

dual methods for the interface problem

bringing department of

was completed, including studies of
asymptotic scaling ofthe two methods.
Comparison of the fluxes showed first-
01del convergence for both. -

" The IPARS (Integrated Parallel

“Accurate Reservoir Simulator) frame-

work was ported to a Sun machine.
Tests made on a cluster of 64-bit Alpha
machines showed good scaleability.
The equation-of-state compositional
model was successfully ported to the
IPARSV2 framework. Simulations
were performed on a smgle—pl ocessor
computer. :
The Argonne Futures Labo1atory
provided a portable, scalable, interac-
tive visualization tool for IPARS simu-
lations. This software tool post- -
processes.large visualization datasets
(~1GB or larger) and creates a “movie”

“that can be used with a 3D immersive

device to explore critical regions near
wells or faults in detail.

Work continues on a new multigrid

linear solver for IPARS, adding multi-
block and multlprocessor capabilities.
Preliminary results for a single fault
block suggest this is the fastest solver
tested to date, but robustness of the
solver is ques‘uonable

T. Morgan, ANL 630-252-5218

tmorgan@anl gov

" High- Resolutlon Reservoir

Characterization

LBNL completed initial steps of its
inversion of seismic waveform data for
porosity variations and saturation
changes. A hydrocarbon was injected
into a base of clean sand and allowed
to migrate upward. Two seismic cross-
well experiments were conducted, one
before and one after the hydrocarbon
injection and migration. The initial
inversion of the-seismic arrival time
data produced values in agreement
with saturations measured in subvol-
umes within the test cell aftel cell '
excavation.

The tracer inversion code was gener-

. (i.e., areactive and a conservative

- scheme for obtaining reservoir perme-

‘the goal of correcting sound speed

alized to handle pal*titi011i11g tracers

tracer mix are injected into the subsur-
face; the time delay between the two
components provides a measure of sat-
uration variation at depth). The meth-
odology was applied toa shallow
subsurface test site at Hill Air Force
Base, Utah. Within minutes, research-
ers were able to estimate the perme-
ability variations between the
boreholes and the saturation distribu-
tion in the subsurface.

LBNL developed a new general -

ability. This approach uses a very gen-
eral finite-difference reservoir ,
simulator to invert water-cut arrival
times at various producing wells to
obtain permeability variations between
the wells. It has been extended from
2D to 3D. LBNL will apply the algo-
rithm to a set of field data and seek -
more data from industry participants.

One member of the Joint Industry
Project, RC2, successfully applied the:
water-cut history-matching algorithm
to water-cut data from two fields in the
Middle East.

" During the Society of Petroleum
Engineers annual meeting, three
project team members received Cedric
K. Ferguson awards (see article, p.5).
D.Vasco, LBNL 510-486-5206

' dwvasco@lbl.gov

Fluid Identification
Acoustic Logging Tool

LANL continued work on flow mea- 3
surement using the swept-frequency
acoustic interferometry technique w1th

measurements affected slightly by -
ﬂowing liquid. Researchers are devel-
oping equa‘uons for makmg the correc-
tion. ‘

J. Albright, LANL 505 667-4318

*j_albright@lanl. gov &

Contlnued on Page 8
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‘ Measurlng Sucker Rod
Pump Parameters Downhole

The mechanical design of the down-
hole-instrument pump is finished, and
fabrication of parts has started. Labo-
ratory testing of the “breadboard” ver-
sion of the electronics was
successfully completed, and fabrica-
tion of the prototype electronics has
started. Prototype testmg in Austm
TX, is planned.

C. Mansure, SNL
. ajmansu@sandia:gov

Formation Ldgging Tools
for Microboreholes

System complexity and unknowns
prohibit straightforward calculation of
the relative performance of the micro
and commercial logging tools. Conse-
quently, LANL performed side-by-
side performance measurements in a
test setup where the effect of wellbore
size can be measured. LANL did com-

parative testing of a 1-11/16-in.-diam- -

-eter commercial logging tool and the
7/8-in. microhole gamma tool using a

55-gallon drum of crushed granite and

potash as test pits. Measurements were
made of the total gamma counts over a

200-3000 KeV energy band in water- -

filled 7, 5-1/2, 4-1/2, and 2-3/8-in.
steel casing and in 1-7/8-in. PVC tub-
ing. Comparisons were made for the

" Real-Time Coiled Tubing
Inspection System

Thin neodymium iron boron
(NdFeB) flexible magnetic tape was
bonded onto a short section of coiled
tubing; blue epoxy paint was applied
on the surface. The bonding material

505-844-9315

tools in both centralized and wall-con-
tact positions. Data from the measure-
ments are being analyzed.

J. Albright, LANL 505-667-4318
, i albrlght@lanl gov

Coupled Geomechanical

Deformation, Fluid FIow, and

Seismic Modeling
After being ported to a Sun Worksta—

‘tion, IPARS (Integrated Parallel Accu-

rate Reservoir Simulator) was coupled
with the SNL-developed geomechan-

ics code, JAS3D, to run a benchmark .

problem (single diatomite layer with

~four producing wells). Run time

improved by more than a factor of four

because ofi nnprovements inthe IPARS
“solver.

IPARS was changed to include the
effects of a time-varying permeability
during coupled flow simulation and
geomechanical deformation modeling.
The well routines were also modified
so that permeability-dependent pro-
ductivity/injectivity constants are
updated. An evaluation showed no per-
formance degradation from the modifi-
cations. ,

The JAS3D code is simultaneously
being modified to compute and pass

-updated values of permeablhty to

TPARS.

C.M. Stone, SNL 505-844-5113

cmstone@sandia.gov

has a sheer strength up to 3000 psi. The
finished product was measured with
the Hall probe, registered voltage of
0.15-0.2 V at a standoff distance of
1/8 in., and was tested for hardness
integrity. When a hard rod was scraped
over the marker surface, the bonding

- T. Patzek, LBNL

Semiautomatic System for
Waterflood Survelllance .

Researchers analyzed five differen-
tial synthetic aperture radar interfer-
ometry images of South Belridge, CA,
acquired between November 1998 and |
December 1999 to obtain the ground -

“surface displacement rate and, for the

first time ever, to directly calculate the .
cumulative net subsidence of the
ground surface over the entire field
area. The calculated annual subsidence
volume of 16 million barrels is thought
to be close to the subsidence at the top
of the diatomite.

Researchers compared the rate of
surface displacement in 1999 from the
satellite images with the surface mon-
ument triangulations between 1942
and 1997. They found that the maxi-
mum rate of surface subsidence was
increasing steadily from 0.8 ft/year in

~ 1988-97, to 1 ft/year in 1998-99. The

respective rates of uplift of the field

 fringes also increased from 0.1 ft/year

to 0.24 ft/year. It may be coincidence,

"but the observed subsidence rate is

about equal to the imbalance of fluid
injection in 1999. '

; 510-486-5322
patzek@patzek.berkeley.edu

{ Drilling, Completion, & Stimulation Technology

material held, but the magnetic tape

was destroyed. The soft polymer com-
position of the flexible magnet could
not withstand the scraping. .

An aluminum nickel cobalt
(AINiCo) magnet, which has a fairly

' Continued on Page 9
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- high magnetic force, was used to fabrl-
cate markers. Thin plates of AINiCo
ground to the desirable thickness regis-
tered a Hall voltage of 0.02 V. The
plates were mounted on a long coiled
tubing and painted with blue epoxy
paint. The coiled tubing was shipped to
{ the University of Tulsa for the bending
- test. Additional AINiCO thin plates
were bonded onto the remaining coiled
tubing, painted over with epoxy paint,
and also shipped to Tulsa for tests.
NdFeB magnetic thin plates will be
evaluated for marker use. NdFeB mag-
netic needles were cut from a bulk
magnet. These needles have a stronger
field than the AINiCO magnet and will
be bonded onthe tubing for testing. .
A. Watkins, INEEL 208-526-1217
, « . adwi4@inel.gov

Seismic Stimulation for
Enhanced Production

After wildfires forced shutdown of -

LANL operations in May, core flow
stimulation experiments were re-ini- -
tialized to preshutdown conditions,
and all measurement systems were
recalibrated. Experiments on stimu-

lated simultaneous two-phase oil/brine

‘flow in sandstone have begun anew. -
“Coupled momentum balance equa-
tions in the low-frequency range for a

porous medium containing two vis-
cous fluids and an elastic solid were
derived. This lead to a diffusion equa-
tion for pore pressure and dilatational
stress. Results are consistent with Biot
theory for a saturated porous medium.

Field plans were made to monitor the .

Chevron stimulation project being
conducted at the Lost Hills diatomite
reservoir in central California. Data
will be correlated with any production
increase observed in the field. Initial

results show an increase in oil cut for ~

more than 60 wells.

The project team generalized a
homogeneous diffusion equation,
whose dependent variable is a linear. -

- bni ‘glng;'departmejnt-of"

combination of fluid pressure and dila--

tational stress, previously derived for
an elastic porous medium containing

one fluid, to an elastic porous medium

containing two fluids. Through this
effort, the “porosity diffusion” hypoth-
esized to be the phenomenon underly-
ing permeability enhancement by a
compressional wave traveling through

‘areservoir has been demonstrated for
the first time in an elastic porous =

medium containing two fluids.
‘Laboratory two-phase flow experi-
ments are providing new data on stim-
ulated enhancement of oil and brine
flow for different flow-rate ratios.

- These data, with previously collected

flooding data, will be analyzed to

" determine dynamic stress effects on

relative permeability behavior of sand-
stone. :

P. Roberts, LANL 505-667-1199

' proberts@lanl,gov

Perforation Dynamics in
Geological Media

LLNL developed a new effective
stress model that seamlessly accounts
for static (drained) and dynamic (un-
drained) conditions, provides im-
proved predictions of permeability,
and simplifies calibration of the dyna-
mic behavior of sandstone against qua-
sistatic experiments. The results ofa
hydrocode simulation of the jet perfo-
ration with a Jet Research Center 2-in.

‘super-deep penetrator (6.5 g charge)

will provide improved initial condi-
tions for the fines migration simulator.

Improvements were also made to the
model used to calculate the permeabil-
ity changes induced by fines migration
that occur after the penetration process
ceases. All available experimental
measurements of fines distribution are
being used to improve the mode!’s ini-
tial fines concentration and pluggmg
pore fraction.

L. Glenn, LLNL 925—422—7239

glenn5@linl.gov -

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

Project team members gave presen-
tations (Publications, Page 6) at the
Society of Petroleum Engineers/Amer-
ican Association of Petroleum Geolo-
gists Pacific Section Convention and
Western Regional Meeting. Topics
included “High-resolution electrical
imaging of a reservoir during produc-
tion,” “Electrically imaging EOR stim-
ulation using steel-cased boreholes,”
and “Investigation of electromagnetic

heating methods for heavy oil reser-

voirs.”
The team discussed facﬂrtatmg a

field demonstration of the Water Tech-

nology mapping system to monitor
steam flood in conjunction with the

‘electrical imaging in progress. A field

survey is planned. o
R. Newmark, LLNL 925-423-3644

newmark1@Iinl.gov

3D Analysis for Induction

Logging in Horizontal Wells
SNL presented new results (Publica-

tions, Page 6) at the 2000 International

Exposition and 70th Annual Meeting
of the Society of Exploration Geo-

physicists. Topics included induction

logging in anisotropic media and elec-

- tromagnetic induction in a fully 3D -

anisotropic earth.

. In response to industry’s need for
“fast” solutions to the electromagnetic
induction problem, efforts continue in
the area of code optimization for the
fully 3D finite-difference software.
This work includes benchmarking
analysis, as well as investigation into
efficient preconditioners and a matrix-
free implementation of the forward
problem.

G. Newman, SNL 505-844-8158
, ganewma@sandia.gov
D. Alumbaugh, UW 608-262-3835

' ; : dlalumb@uw.edu

Continued on Page 10
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Look-Ahead Pore Pressure
Prediction While Drilling

Evaluation of test sites for testing of
the two prototype sources resulted in
“selection of the Savoy Field Research
Facility (University of Arkansas). The

decision was based primarily on the
available infrastructure that includes a
three-component geophone system,
recording system, surface seismic
source, and field support equipment.
The surface seismic source will be
used to compare its known source
function to the prototypes. Project
researchers are in discussion with the
Office of Naval Research to obtain' a
‘capacitive discharge source (sparker)

- that was developed for other applica- - -

‘tions. This source is similar to the
INEEL prototype in terms of design
and functionality, and using it will pro-

vide a cost benefit to the project. If the -

Navy’s system cannot be obtained, a
‘similar system w111 be constructed at
INEEL.
- Development procedures for testlng
the prototype were initiated. A three-
component geophone was received

~ from OYO; arrangements were made
to obtain “Shotgun” surface selsmlc
source and geophones.

~Construction proceeded on the pro-

totype regenerative combustion source
and design of the field test protocol.

Tim Green, INEEL 208-526-9420
. tsg@inel.gov

Chemiycally Bonded Ceramic
Borehole Sealants :

- The newly installed consistometer
_was operated at atmospheuc pressure

- and room temperature. Clearwater,
Inc., provided initial training at the
Pittsburgh laboratories, where some
testing of the borehole sealant consis-
tency was also done. Additional com-
positions were tested at ANL, and
slurry compositions that provided mix-
ing times of 1.75-4.50 hours were

" D.W. Brown, LANL

developed The setting time was only :

10 minutes for all variations, which
helps to form dense borehole sealant
by preventing gas migration in the
downhole environment.

The project team fabricated glass
fiber-reinforced ceramics to enhance
flexural properties and toughness of
sealants. Samples with 0, 1, 2, and 3
wt.% fibers of 0.25- and 0.5-in. lengths
were incorporated into the ceramics.
Flexural strength and fracture tough-
ness of these composites were then
measured. Incorporating the fibers
enhanced the fracture toughness up to

‘three times the value withoutthe

fibers. However, slurry with 0.25-in.

fibers is thinner and may be easier to
“pump. Thus, there must be compro-

mise between increase in flexural .

strength and ease of pumping. Testing

the samples’ fracture toughness con-

tinues; typical fracture toughness for

cement is the same as the phosphate

- ceramic without fibers.

A.S. Wagh, ANL 630-252-4295

505-667-1926

dwb@lanl.gov

- Acoustic Telemetry

Two new participants joined the

‘project: Passband Downhole Commu-

nications (PDC) and the Electroacous-
tics Research Laboratory at the
University of Texas-Austin (UT-Aus-
tin). PDC, which is devoted solely to

-commercialization of SNL’s measure-

ment-while-drilling (MWD) technol-
ogy, expects to initiate an MWD
service for the oilfield within two
years. UT-Austin’s ongoing effort uses
stress waves to communicate through
steel drill pipe—technology that a

k ‘proj ect participant is interested in
‘using for smart deployment of sea .

floor systems.

Based on the results of recent suc-
cessful surface tests, researchers com-
pleted system software development

~wagh@anl.gov -

and finalized the logic circuit designs,
These components and battery packs
will be integrated into the MWD tool,
which should be deployed in its first
field test before the end of the year.

Doug Drumheller, SNL.  505-844-8920
‘dsdrumh@sandia.gov

Coiled-Tubing Deployed
Microdrilling with Real-Time,
Downhole Monitoring

Coiled-Tubing Microdrill Rig

The channel iron-on the coiled-tub-
ing-reel frame was reinforced to pre-
vent overloading of the frame.

Anew hydraulically powered Myels '
Aplex SC-65 triplex plungel pump,
and a 1000-ft string of 1-in. OD, 0.087-.
in. wall thickness, 70,000-psi yield
tubing were installed on the CTU. No
significant deficiencies were identified
during yard testing and a brief drilling
demonstration of the revamped

~ hydraulic'system. The inlet piping to

the pump was modified to minimize
the effects of accelelatlon head loss
and tested.

Instrumentation/Control System -

- The new hydraulics system was suc-

cessfully interfaced with the PC.(Lab-

"VIEW. data acquisition and control

software) control system to facilitate a
gradual transition from manual to’
automatic control of various drilling
functions and processes. When a tur-
bine flow meter is installed to measure
the “actual” mud flow rate, a magnetic
pick-up will measure pump speed and. -
provide back-up flow measurement
and/or monitor pumping performance.

~Drilling Site
The selected drilling site in New

Mexico will provide near-surface sedi-
ments for drilling demonstrations and
mud-cleaning system shakedown. A
temporary-use permit is pending.
Jim Albright, LANL - 505-667-8938

j_albright@]lanl.gov
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Advanced Sensor
Technology

Two four-level, three—component
micromachine seismic arrays were
fabricated. Although planning for.

-incorporating the-arrays into a com- -
mercial seismic reflection survey was
deferred until land issues have been
resolved, an 850-ft, 2-3/8-in. micro-

hole was drilled in October in prepara-

tion for the survey, along with
conducting an abbreviated character-
ization of the improved array in the
microhole. The new array incorporates

four main changes: (1) downhole dif- -

ferential line driver, (2) uphole signal -
conditioning, (3) voltage regulator
added for each array level, and (4)
cable head modifications. .

J. Albright, LANL 505-667-4318
S . i albnght@lanl gov

Single-Well Seismic
Imaging Technology

The INEEL design team continues to
look at the fluid-borme wave for single-
well seismic imaging. INEEL con-

ducted a series of tests to observe tube-

wave response. Results follow.

* The fixed geophones, while sensi-

.~ tive to a weight drop, are com-
pletely unstimulated by Wellbme
disturbances.

.» Hydrophones record exploswe

- cap wellbore disturbance attenua-

tions from about 25% to about

. 60% reduction in signal amplitude
-(SA) depending on geometry. (Pi-
ezo disturbance attenuations were
marny decades reduced.)

+ Unclamped geophones were

- greatly stnnulated by the cap’s sig- ‘

nal.
» Tightly clamping the geophones -

created only a 50% reductlon n
SA. :

* Unclamped geophones with atten-

uator demonstrated a 70% reduc-
tion in SA vs. unclamped and

- unattenuated. ,

» Tightly clamped geophones with
an attenuator demonstrated about
a 90% reduction in SA.

SNL continues to conduct computa-

- ‘tional simulations of crosswell and -

reflection responses recorded at the
Bayou Choctaw Salt Dome field test
site in Louisiana. Work was initiated
on a 3D finite-difference viscoelastic
wave propagation algorithm, based on

-the standard linear solid formalism.

This approach should allow more real-
istic modeling of seismic responses in

- geologic media characterized by low

Q values, such as the Gulf Coast sedi-
mentary environment.

SNL researchers delivered plesenta—
tions on seismic Q modeling, air/earth
interfaces in finite-difference algo-

rithms, and 3D elastic simulations of -

salt flank reflections at the 2000 Inter-
national Exposition and 70th Annual
Meeting of the Society of Exploration

- -Geophysicists.

LBNL ran a single-well test with

'Chevron at their Lost Hills, CA, site as

part of their carbon dioxide (CO,)
injection to perform a base-line survey

nexttoa hyd10fractule The objective

‘was to collect data prior to CO, i injec-

- tion into the hydroﬁactme

510-486-6709
elmajer@Ilbl.gov
505-284-2823
dfaldri@sandia.gov

E. Majer, LBNL
D. Aldridge, SNL

J. Finke, INEEL ‘
' ' fl@inel.gov

- 208-526-2031

DiagnoStic & Imaging ‘Te/chnOIogy

Large Downhole
Seismic Sensor Array

Details in the proposed totally pas-
sive design for the Large Downhole

- Seismic Sensor Array were adjusted in-
. response to discussions with Jack

Cole, of the University of Arkansas,

.| who suggested that the prototype may
~ be readily adaptable to other well log-

ging applications. Construction of the .
demonstration prototype has begun.

d. Finke, INEEL 208-526-2031
Jf1@|nel gov :

Im proved Prestack
Kirchhoff Migration

LANL validated the phase calcula-
tions made by its ray-tracing code by
comparing the phase predicted for
multiple arrivals with the character of
finite-difference acoustic waveforms.
Subsequently, the ray-tracing code was -

-used to perform migration of two 2D

datasets where multiple arrivals are

--important. In both cases, LANL com-

pared the quality of images obtained
when using multiple-valued traveltime

‘tables with those obtained when using

single-valued tables. 4
LANL held a meeting with industry

participants in July in Santa Fe to dis-

cuss implications of presented results

~and the future direction of the project. .

With regard to new methods for -
modeling and processing seismic data,
LANL is investigating improvements
to the Fourier finite-difference migra-
tion approach. The goal is to develop a
method that is as fast as the split-step
1mg1at10n approach but delivers hlgh
image quality. -
M.Fehler, LANL © 505-667-1925
‘ fehler@lanl.gov

Continued on Page 12
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Locating Geopressured
Hydrocarbon Reservoirs

The results of synthetic seismic
modeling of six reservoir pressure pro-
files suggest several potential applica-
" tions of the developed algorithm.
These applications include (a) detec-
tion of geopressure transition zones in
. processing of surface-acquired seismic

data by means of low-frequency
sources, (b) detection of geopressure
transition zones in “ahead-of-bit”
downhole seismic methods using low-
frequency sources, (c) improved con-
trol of spectral Whltenmg for seismic
-data processing in the presence of gra-
~dational acoustic contacts, (d) estima-
~ tion of gradient thickness and total
acoustic contrast across gradational
- boundaries, and (e) “ahead-of-bit”
detection of entrained sediments and
fluid-rich zones within salt-layers for
subsalt petroleum drilling.

G. M. Shook, INEEL ~  208-526-6945

ook@inel.gov

3D Seismic Analysis Using
SEG/EAGE Model Dataset

Results of 3D elastic modeling of -
“selected shots over the SEG/EAGE
numerical model were presented at the
annual meeting of the Society of
Exploration Geophysicists (Publica-
_tions, Page 6). Simulations of more
~than 20 individual shots were calcu-
lated to a maximum seismic frequency
of 8- Hz. Shot positions included por-
tions of the salt structure with signifi-
cant relief. Each shot required about
300 CPU hours and 6 GB of memory
‘of a massively parallel processor sys-
tem. The calculations demonstrated
the computing level needed.
L. House, LANL 505-667-1912
house@]anl.gov
925-423-9617
larsen8@lInl.gov

~ 865-574-7131
barhenj@ornl.gov

S. Larsen, LLNL

J. Barhen, ORNL

Integrated Reserv0|r
Monitoring Using
Electromagnetics

Mike Hoversten prepared a work-
shop on “Advances in electromagnetlc
methods for petroleum applications,”

which included the results of his work -

on integrated reservoir monitoring -

using seismic and crosswell electro- - -

magnetics. The workshop was held in
conjunction with the Annual Interna-
tional Meeting and Exposition of the
Society of Exploration Geophysicists
(Publications, Page 6).

M. Hoversten, LBNL 510-486-5085
gmhoversten@Ibl.gov

Seismic Attributes of
Fluids in Poorly
Consolidated Sands

Anew dataset on Monterey sand was

obtained for a full range of water satu-

rations. The data consist of extensional
wave pulse-propagation and resonance

- tests performed over the 1-9 kHz fre-
quency range.The dataset, when taken

together with the inhomogeneous gas
saturation dataset, provides insights
into the attenuation mechanisms taking
place within the sample. This informa-
tion is being used to develop a numer-
ical simulator to test several candldate
attenuation mechanisms.

K. Nihei, LBNL . 510-486-5349

kinihei@Ibl.gov

Inversion of ‘FuII Waveform
Seismic Data for ‘

- 3D Elastic Parameters

At the organizational meeting held
in May in Houston, TX, three target
deliverables were agreed on by SNL
and industry collaborators: (1) The
existing 3D elastic forward modeling
code will undergo further verification
tests, (2) a prototype inversion code

~ will be developed using simplified

assumptions, and (3) algorithms devel-

oped W111 have a 3D.char acter but
modeling runs may be conducted in 2D
to reduce the computational burden. .

D. Aldridge, SNL 505-284-2823
dfaldrl@sandla gov

High- Speed 3D Hybrid

Elastic Seismic Modellng

As part of a demonstration that local

'boundary—condition matching can be

used at high-contrast interfaces to
eliminate artifacts from grid discretiza-
tion, a local boundary condition
method was tested for such elimina- -
tion. A solution was found consisting
of specially organized spat1a1 model
grid filtering. :

V. Korneey, LBNL 51 0-486-7214

VAKorneev@lbl.gov

~ Next-Generation Seismic
‘Modeling and Imaging

Work was begun on improved wave-
equation migration methods for this

~new project. In addition, an existing

elastic modeling code will be used to
generate synthetic data for a suite of
next-generation 2D and 3D numerical
models.
L. House, LANL 505-667-1912
. - house@lanl.gov
- 925-423-9617
larsen8@linl.gov

S. Larsen, LLNL
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Developmént of an In-Well -

~Oil/Water Separator

.~ Bench-scale testing continues using
a centrifugal separator-and a Gulf of
Mexico light crude. Bench-scale tests
have shown that the separator provides
good separation for feed streams con-

taining from 10-95% oil. .

In an experiment testing handling of
heavy solids (25-30 min w/feed ratio .
~1:1 water-to-oil and sea sand at 3%
[w/v]), reduced water-flow and 4%
water-carryover in the oil stream indi-
cated compromised performance from
sand in the rotor’s internal parts. The

separator cannot process sand of this -

type.

The redesigned Plex1glass separator

housing, which allows a longer rotor,
increases throughput. Work continues
on a hydrocyclone to separate out sol-

ids for pretreatment of oil/water/solids

entering the separator.

K.T. Klasson, ORNL 865-574-6813

kt9@ornl.gov

Reducing Chemical Use
and Toxicity in Produced
Water Systems

Two sets of experiments used ANL’S
laboratory flow loop system: ECN35
and ECN 36. ECN35 was designed to
increase sensitivity to sustained local-
ized pitting (SLP) corrosion on elec-

-trochemical noise (ECN) probes by
using surface-modified electrodes
(SMEs) in a chemical corrosion envi-
ronment (1.0% sodium chloride
[NaCl] solution).

In ECN35 tests, all four SMEs

developed SLP corrosion; however, .
. non-surface-modified electrodes

(NSMESs) did not develop significant

localized pitting corrosion. General

corrosion rates of NSMEs in modified
ECN probes were linearly proportional
to total noise current, indicating the

probes can be used to measure the gen-

eeral corrosion rate directly from total

noise current measurements.
In ECN36, a simulated produced
water solution in our flow loop test

_system was inoculated With sulfate-
-reducing bacteria and acid-producing

bacteria that are responsible for initiat-
ing microbially influenced corrosion.
ECN36 will run at least six weeks. .
‘The software data-screening strategy
developed for ECN analysis will
ensure reliability and avoid interfer-
ence that could result in misleading

~interpretation. A user-friendly infor-

mation display is being designed for
the corrosion status measured by the
ECN analysis system.

J. Frank, ANL

- Sulfide Re,moval in‘«

Produced Brines
by Microbial Oxidation

" Phillips completed analysis of water
chemistry for the selected field site,
determining both inorganic and

‘organic compositions. This informa-
tion and the biological analysis {(com-

patibility as well as evaluation of
n1trate—reducmg/sulﬁde oxidizing
organisms present) represent a favor-
able conclusion for application.
Recent experiments demonstrated
the ability of the Coleville organism
(CVO, Thiomicrospira) to oxidize sul-
fides following growth on the selected

* sulfur sources. Research continues to
address culture density issues associ-
-ated with determining whether the

material is capable of amplifying bio-

630-252-7693
~JFrank@anl.gov .

Upstream Enviro’nmehtal Technology

mass to the extent needed for reactor

- Inoculation.

G. Bala, INEEL k 208-526-8178

gb3@inel.gov .

Characterization of

Soluble Organics in
Petroleum Waste Water

No actual produced water was
obtained from waters of the Gulf of

- Mexico (GOM) deep well drilling site,

so the crude oil is being contacted with

-2 GOM brine simulant to create pro-
- duced water under various experimen-

tal conditions. A summary of actual
concentrations of cations/anions in
GOM brine was used to define the sim-
ulant recipe (major cation components:
sodium, calcium, strontium, barium, -

‘and iron; primary anions: chloride,

bicarbonate, sulfate, and phosphate).
However, when all simulant compo-
nents were added to nanopure water,
iron precipitated as iron oxide (Fe,O3):
Iron will be excluded from future prep-
arations because it requires filtration.
A water accommodated fraction ves-
sel is being used to equilibrate crude
oil/brine simulant phases under vari-

‘ous laboratory conditions. Eight oil/
~brine simulant contact experiments

performed include varying the percent
water/oil cut (80, 66, 50, and 20%) and
pH(4.7,7.5,8.1,and 9. O) When the
Water—soluble organic (WSO) concen-
tration has been determined, future
experiments run with this crude will

‘vary salinity, temperature of the equil-

ibration process, and pressure, in that
order:
Most analytical data for the water cut

- and pH studies were acquired and are

being reviewed before release to forum

‘Continued on Page 14
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- members. Several Resource Conserva—
tion and Recovery Act (RCRA) metals
were detected above the inductively
coupled plasma (ICP) detection limit;
however, only selenium approached -
the level to be considered a tox1c1ty

characteristic. Final inorganic results

for produced water samples indicate

“that only cadmium and antimony are -
extracted into the water phase at a con-
centration that does not appear to be
affected by variations in pH or water/
oil cut. The pH of the GOM simulant is
buffered to a value of 7-7.5 by the -
presence of an oil layer. Fractionation
of total extractable materials suggests

- that 80-90% of WSO is present as .

polar compounds; the next largest frac- -

tion is that of aromatic materials. Fur--

Bioprocessing of =
| High-Sulfur Crudes
- Studies of horseradish peroxidase
(HRP) immobilized on glass beads -
were completed Reactions were car-
ried out in liquid hexane. The effects of
the enzyme drying procedure, hydro-
gen peroxide introduction method, and
t-butyl hydrogen peroxide co-factor
were examined. No measurable prod-
uct was detected in these experiments.
Dibenzothiophene (DBT) was solu-
.| bilized and transported by the super-
| critical fluid (SCF) to the biocatalyst
- suspended in a liquid phase. The SCF
“explored was ethane; the biocatalyst
was hemoglobin (Hb). The liquid
phase was an ethanol-to-aqueous
buffer (volumetric ratio between
2:8.5-10:0.5). Conversion of DBT to
its sulfone product (DBTO,) was
observed only at the highest concentra-

ther data reduction W111 help delineate
the effect that pH and water/oil cut
may. have on the percentage to which
each class of WSO compounds is
extracted from the oil phase with vari-
ation in testing parameters.
W.V. Steele, ORNL 865-576-7696
steelewv@ornl gov

Ecologlcal Framework to
Evaluate the Effect of Size
and Distribution of Releases

Researchers have begun to collect
Geographic Information System map
layers for the Tall Grass Prairie Pre-
serve (TPP) in Oklahoma, the project’s
case study site. Characterization and
multispectral scanner data should

tibn of ethanol and ranged from

approximately 1-2%. Control experi- .
-ments showed that solubility of the
DBT reactant was sufficient in the

range of conditions explored.
In an attempt to improve DBT con-
version levels, polyethylene glycol

- (PEG) - cytochrome c conjugate, will

be used as a biocatalyst.

‘G. Bala, INEEL
. ; - gb3@inel.gov
D. Ginosar, INEEL 208-526-9049
‘ ‘ dmg@lnel gov

Blologlcal Upgradlng
of Heavy Oils

A biocatalyst was identified that has

a hlghe1 specificity for low-value
alkanes than the higher-value light
alkanes. Kinetic modeling of reaction
process using this biocatalyst indicates
that the proper selection of catalyst

208-526-8178

allow quantification of Vegetatlon pro-
ductivity trends at the TPP during the

time period of the data. Hyperspectral
airborne visible infrared imaging spec-

- trometer data available for the TPP,

collected during flyovers in July 1999,
may enable production of a vegetation-

- cover map of the site. Project partici-

pants compiled a vertebrate species list

| for the site and obtained U.S. Geologi-
~ cal Survey data about locations of

wells, oil and gas fields, and plays
across the United States.

T. Carlsen, LLNL 925-422-7103

carlsen1@linl.gov’
865-574-7397

R. Efroymson, ORNL
L 7re@ornl.gov

Downst;rea’r‘n En'vironmental Techn?olo/gy

will overcome a major challenge to
crude oil bioprocessing: unintentional
degradation of gasoline-range alkanes.
The project team selected 32 biocat-
alytic agents for evaluation. Initial
evaluation identified 16 strains as

promising agents for the processing of

crude oils and alkane mixtures. The =
majority of the selected strains have a
broad substrate specificity encompass-

“ing C—Cj¢ alkanes.

LBNL will identify and characterize
potential biocatalysts. Texaco will con-
duct tests with Kern River crude oil to -
evaluate levels of product formation
required to achieve specific reduction -

- in crude oil viscosity.

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

Continued on Page 15
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Kinetics of Biochemical
Upgrading of Petroleum

Results of two selected biocatalysts
show the rates of desulfurization are
strain-dependent.-Some organosulfur

compounds are accessible to both
strains; desulfurization rates of these
compounds are relatively fast. How-
ever, for sulfur compounds with steric
hindrance, referred to as refractory sul-
fur compounds, rate of desulfurization
is relatively slow. One biocatalyst is

able to desulfurize the refractory com-

pounds faster than the other biocata-
lyst :
Because most sulfur content lies in

the heavy fractions such as resins and

asphaltenes, it is important to remove
these fractions to reduce total sulfur
content, which serves as cross-linking
bridges in the resin and asphaltene -
fractions. -

An industry part1c1pant requested
changing the target oil from Boscan,
Venezuela, to Kern River, CA. BNL

-researchers are preparing to treat the
Kern River oil, adaptation of biocata-
lysts is in progress, and the treated
sample soon will be sent to the partlcl—
pant for evaluation.

E. Ffremuzm, BNL 631-344-2893

- premuzic@bnl.gov

Enzymatic Upgrading of
Heavy Crudes via
Conversion of PAHs

In the project’s first phase (to
develop improved enzymes for
organic-phase catalysis using directed

evolution), ORNL researchers inserted -

the lignin peroxidase (LiP) gene into a
recombinant-friendly host, Pichia pas-
toris. Functional expression of the
recombinant lignin peroxidase (rLiP)
was tested using two different sub-
strates, 2,2'-azino-bis(3-ethylbenzthia-
zoleine-6-sulfonic acid) [ABTS] and
“veratryl alcohol. The rate of the native
enzyme purified from Phanerocheate

chrysosporlum is about an order of
magnitude higher for ABTS than for
veratryl alcohol. Conversion of ABTS
was observed by rLiP sécreted into the

| culture medium; however, the enzyme

concentration was not high enough to

. demonstrate veratryl alcohol activity.

An experiment in.a 1L batch stirred
reactor using the recombinant strain
expressing the rLiP enzyme demon-
strated ABTS activity over a period of
five days. No activity was observed in

“a control experiment. A patent disclo--

sure, which is being sent to industry
participants, was submitted on func-

tional expression of LiP in P. pastoris. -

Chemical modification of cyto-
chrome ¢ was conducted by attach-
ment of polyethylene glycol groups on
the enzyme surface and alkyl groups at-
surface, as well as within the protein
near the active site. Biocatalytic activ-
ity of the modified protein improved
via both methods, although alkyl mod-
ification increased the threshold maxi-
mum-activity point toward a higher
solvent concentration. -

In the project’s second phase, kinetic
constants (kcat and Km) for the poly-
ethylene glycol (PEG) and alkyl modi-
fied were determined. Results show up
to five times higher catalytic efficien-
cies (kcat/Km) in 20% acetonitrile (for

pyrene as substrate) and 50% acetoni-

trile (for pinacyanol chloride) in com-

- parison to the native cytochrome c.

865-576-7421
. borolea@ornl.gov

A.P. Borole, ORNL

;,‘“Partlmpants

The Partnership’s World Wlde

Web site includes a complete list

- of industry participants and their
project affiliations:

http://www.sandia.gov/ngotp/

A Predlctlve Model of Indoor
- Concentrations of Outdoor
PM, 5 in Homes

The team moved into a traditional
San Joaquin Valley home in a residen-
tial Fresno neighborhood without
nearby point sources. Neighbors,
police, and fire departments were
informed about planned experiments. -
Instrumentation was installed, data
collection capabilities in the field were
enhanced, and a series of individual
experiments were initiated to charac-

- terize flow into and out of the house.

510-486-4241 -
njbrown@lIbl.gov

N. Brown, LBNL

Real-Time Characterization

of Metals in Gas and

Aerosol Phases ‘
The project objective is to develop a

- high-precision field-portable instru-

ment for real-time measurement of ele-
mental composition in gas and
airborne particulate matter in source
emissions. Spectroscopic investigation
of the portable laser-induced plasma
spectrometer (LIPS) for lead- and
nickel-laden aerosols was performed
in the laboratory to evaluate the proto-
type instrument’s response. Aerosol
particles were produced by nebuliza-
tion, charge neutralized, and dried
before they were analyzed by LIPS.
Particle-size distribution and the ele-
mental composition of the particles
were measured in sequence. Maximum
particle sizes were found to be smaller
than 500 nm. In preliminary data, the
dynamic linear range for the measure-
ments was three orders of magnitude.

‘Calibration curves were virtually lin-
ear (R2 value: 0.99 for lead and 0.98

for nickel species).

ORNL researchers are moving into
the next phase of field testing the plO-
totype instrument. ~

M.D. Cheng, ORNL 423-241-5918

chengmd@ornl.gov -
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