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SUMMARY

ENERGY PRODUCTION RESEARCH

Reservoir and production studies indicate that the Monell Unit of Patrick Draw field has potential for
recovering additionaloil from CO2 injectionafterwaterflooding. To investigate the amountof oil recovery and the
potential economical impactof CO2 flooding in the pilot area,and PatrickDrawfield, ComputerModeling Group's
compositional simulator GEM was obtained from DOE and installed in NIPER's MicroVAX computer. The
simulator was successfully compiled after minor modifications and was validated by running sample problems.
(BE1)

Research on the characterizationof dispersion typicalof surfactant-enhancedalkaline recovery systems has
proven to be more complicated than anticipated. Expert opinion on the data acquired from light-scattering
measurements has resulted in a consensus determinationthat there is not sufficient time remaining in FY93 to
obtain laboratorydata suitable for a projectreport. A new directionfor this task is being proposed;it would focus
on the use of CT imaging techniques to accuratelydetermineoil saturationsin field cores following the injection of
surfactant-enhancedalkalinechemicalformulations.(BF.AB)

A paper (SPE 25453), entitled "The Effects of Layer Permeability Contrast and Crossflow on the
Effectiveness of PolymerGel Treatmentsin PolymerHoods and Waterfloods," was presentedat the 1993 Production
OperationsSymposium in Oklahoma City, March21-23. (BE4C)

Before completing interfacial tension OFT) measurements of CO2 systems, the solubilities of CO2 in the
aqueous and oil phases must be determined. To this end, the literature is being examined in an attempt to find
equationsof statethatcan be used in developingtechniques topredictCO2 solubility in waterandbrine. (BE5A)

In tests to determine permeabilityreduction in core samples via salt precipitation, it was observed that three
parameters affect the degree of permeability reduction: the original core permeability, the quantity of alcohol
injected, and the shut in time after brine and alcohol injection. For example, permeability reduction in a 500 mD
core was 25% lower thanthat achieved in a 800 mD core; permeabilityreduction was 10 to 15% higher following
the injection of 0.3 PV of ethanol vs. injection of 0.2 PV; and greater permeability reduction was achieved after the
core was shut in for 1week due to an increasein the particle size of the salt crystals. (BE5B)

Thin-section, XRD, and SEM analyses; mercury injection porosimetry; and routine permeability and porosity
tests were conducted on Fontanbleau sandstone samples. Routine permeabilities ranged from 80 to 130 mD while
porosities were in the range from 9 to 11.3%. The XRD results indicate that the rock is 99% quartz, with 1% clay
(illite). SEM and thin-section analyses indicate that the rock is comprised of medium-grained, very well sorted, well
rounded, quartz-cemented, quartzarenitic sandstone. The mean grain diameter is about 0.60 mm. Quartz overgrowth
cement is the dominant authigenic constituent within this sandstone, accounting for approximately 19% of the bulk
volume. (BE9)

A report on the results of research on Task 58---light oil steamflooding research at NIPERJwas presentedat
the Annex IV meeting held inCaracas,Venezuela, March2-5. The next meeting, scheduled for October 1993, is to
be held at StanfordUniversity. (BEI lA)

A paper, entitled "PoreScale Fluid Imaging in Reservoir Rock by NMR Microscopy," was presented at the
ACS National Spring Meeting Symposium on Applications of Magnetic Resonance Imaging in Enhanced Oil
Recovery in Denver, CO, March28-April 2. Contacts were established with two major oil companies regarding
researchcooperationand possible formationof an imaging consortium. (BE12)

The heavy oil data base was sent through the TORIS screening process to analyze each reservoir for its
suitability to oil recovery throughthe use of steam, in situ combustion, or alkaline/sm'factant/polymerflooding.
The results show that California still has the highest potential for future heavy oil production with 9.3 billion
barrelsrecoverable, at $17/barrel,usingexisting steam injectiontechnology. Underthe same price scenario, the U.
S. Gulf Coast has only 230 million barrelsrecoverable,and the Midcontinent1 million barrels. (SGP37)

Plans for final implementationof the surfactant-enhancedalkaline flooding field project in Hepler(KS) field
were discussed with project participants in Wichita on March 10. Items to be resolved before final field



FOREWORD

The Monthly ProgressReportforMarch1993, NIPER-679, is submittedin accordancewith the provisionsof
CooperativeAgreement DE-FC22-83FE60149between the Departmentof Energyandthe liT ResearchInstitute.

A new project, funded under the SupplementalGovernment Program, has been added to this report. The
project,SGP73, has the objectiveof determiningthe effects of naturalfractureson horizontalwell production using
numerical simulationto provideguidelines, screeningcriteria, oranalyticalpredictionsof horizontalwell production.
The scheduled completion of the projectis September 1993.
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SUMMARY

ENERGY PRODUCTION RESEARCH

Reservoir and production studies indicate that the Monell Unit of Patrick Draw field has potential for
recovering additional oil from CO2 injection after waterflooding. To investigate the amount of oil recovery and the
potential economical impact of C02 flooding in the pilot area, and Patrick Draw field, Computer Modeling Group's

compositional simulator GEM was obtained from DOE and installed in NIPER's MicroVAX computer. The
simulator was successfully compiled after minor modifications and was validated by running sample problems.
(_E1)

Research on the characterization of dispersion typical of surfactant-enhanced alkaline recovery systems has
proven to be more complicated than anticipated. Expert opinion on the data acquired from light-scattering
measurements has resulted in a consensus determination that there is not sufficient time remaining in FY93 to
obtain laboratory data suitable for a project report. A new direction for this task is being proposed; it would focus
on the use of CT imaging techniques to accurately determine oil saturations in field cores following the injection of
surfactant-enhanced alkaline chemical formulations. (BE4B)

A paper (SPE 25453), entitled "The Effects of Layer Permeability Contrast and Crossflow on the
Effectiveness of Polymer Gel Treatments in Polymer Hoods and Waterfloods," was presented at the 1993 Production
Operations Symposium in Oklahoma City, March 21-23. (BE4C)

Before completing interfacial tension (IFT) measurements of CO2 systems, the solubilities of CO 2 in the
aqueous and oil phases must be determined. To this end, the literature is being examined in an attempt to find
equations of state that can be used in developing techniques to predict CO2 solubility in water and brine. (BE5A)

In tests to determine permeability reduction in core samples via salt precipitation, it was observed that three
parameters affect the degree of permeability reduction', the original core permeability, the quantity of alcohol
injected, and the shut in time after brine and alcohol injection. For example, permeability reduction in a :500 mD
core was 25% lower than that achieved in a 800 mD core; permeability reduction was l0 to 15% higher following
the injection of 0.3 PV of ethanol vs. injection of 0.2 PC; and greater permeability reduction was achieved after the
core was shut in for 1 week due to an increase in the panicle size of the salt crystals. (BE5B)

Thin-section, XRD, and SEM analyses; mercury injection porosimetry; and routine permeability and porosity
tests wcrc conducted on Fontanbleau sandstone samples. Routine pormeabilities ranged from 80 to 130 mD while
porosities were in the range from 9 to 11.3%. The XRD results indicate that the rock is 99% quartz, with 1% clay
(illite). SEM and thin-section analyses indicate that the rock is comprised of medium-grained, very well sorted, well
rounded, quartz-cemented, quartzarcnitic sandstone. The mean grain diameter is about 0.60 mm. Quartz overgrowth
cement is the dominant anthigenic constituent within this sandstone, accounting for approximately 19% of the bulk
volume.(BE9)

A report on the results of research on Task 58--light oil steamflooding research at NIPER--was presented at
the Annex IV meeting held in Caracas, Venezuela, March 2-5. The next meeting, scheduled for October 1993, is to
be held at Stanford University. (BEI lA)

A paper, entitled "Pore Scale Fluid Imaging in Reservoir Rock by NMR Microscopy," was presented at the
ACS National Spring Meeting Symposium on Applications of Magnetic Resonance Imaging in Enhanced Oil
Recovery in Denver, CO, March 28-April 2. Contacts were established with two major oil companies regarding
research cooperation and possible formation of an imaging consortium. (BE12)

The heavy oil data base was sent through the TORIS screening process to analyze each reservoir for its
suitability to oil recovery through the use of steam, in situ combustion, or alkaline/surfactant/polymer flooding.
The results show that California still has the highest potential for future heavy oil production with 9.3 viiiion
barrels recoverable, at $17/barrel, using existing steam injection technology. Under the same price scenario, the U.
S. Gulf Coast has only 230 million barrels recoverable, and the Midcontincnt 1 million barrels. (SGP37)

Plans for final implementation of the surfactant-enhanced alkaline flooding field project in Hepler (KS) field
were discussed with project participants in Wichita on March 10. Items to be resolved before final field



implementation include the determination of a better estimate of oil saturation and assurance that the sodium
bicarbonate is compatible with the other EOR chemicals. It is anticipated that CT-monitored flow patterns can
provide a better estimate of oil saturation. Laboratory experiments will establish compatibility of the sodium
bicarbonatewhich will be acquiredfron,_a sourceother than thatused forpreviouslaboratory testing. (SGP41)

Thirty-five applications from students of 16 different universities were received for the _iummerintern
program. After reviewing theresum_:,,_andtranscriptsof these applicants,I1 offers were madeafter interview. The
reviewing process will continue throtighApril. (SGP50)

Judy Kokesh assistedwith the regional "Trainthe Trainers"session in the Oil and Gas Exploration moduleof
the Denver EarthScience Project. Ms. Kokesh met with Milt Jan'etLDeanof ContinuingEducation,Universityof
Tulsa, to discuss the University's participationin the regional "Trainthe Trainers,"July 11-21. TU will provide
classroom space, resomr.epeople, housing, and meals forparticipants. In addition, planning hasbegun for the "Oil
and Gas Exploration"module workshop t9 be held in Oklahoma City, during the summer. Ms. Kokesh met with
Dr. Edna Manning, president, Oklahoma School of Science and Mathematics to discuss their participationin the
workshop, and completed preliminary discussions with the curriculumdirectorof Oklahoma City Public Schools
relating to the distributionof workshopinformationto science teachers. Discussions were also conductedwith the
Education/Career Development Committee (ECDC) and Phillips Petroleum Company regarding a joint, teacher-
internship programforPhillips and NIPER duringthe summerof 1993. (SGP61)

The papers, extended abstractsof poster session presentations, and summary of a panel discussion have ali
been assembled into the Proceedings of the symposium on the field application of foams (NIPER-699). The
Proceedings will be availablefordistributionfollowing publicationas a DOE/FEreport. (SGP63)

The currentseriesof lecturesdevelopedby TexasIndependentProducersandRoyalty Owners (TIPRO)and the
Bureau of Economic Geology at the University of Texas at Austin was concluded. Lectures were given in the
following Texas cities: Dallas (January 28, attendance 85), Amarillo (February 12, attendance 38), Abilene
(February17, attendance 60), Midland (February 18, attendance 77), Houston (February 24, attendance77), and
Wichita Falls (March 3, attendance 85). A scheduled meeting in Corpus Christi was canceled due to low
registration;however, potential attendees from the Corpus area were urged to attend the Houston meeting. NIPER
personnelattendedandmonitoredeach of these meetings. (SGP64)

A new projectwas initiated the _ter partof February. The objectiveof theproject is to determinethe effects
of natural fractures on horizontal well production using numerical simulation to provide guidelines, screening
criteria,or analytical predictionof horizontalwell production. (SOP73)

FUELS RESEARCH

Heat capacity andenthalpystudies on 8-methylquinoline were haltedfor cryostat repairs. After operatingfor
approximately50 years,the insulationon one of the calorimetershields finallydeterioratedbeyond repair. Rewiring
of that shield is in progress, and it is probablethat measurementson 8-methylquinolinewill recommenceby the end
of April. High-temperatureheatcapacity and criticalpropertydeterminationsby differential scanningcalorimetry
(DSC) for 2-methyl- and 8-methylquinoline were completed this month. Critical temperatureand critical density
values were determined forboth compounds. (The criticalpropertiesare keyengineering.designparameters).(BFR3)

High-temperature DSC measurements on 1,10-trimethylenephenanthrenehave been completed. The DFC
resultsextend the rangeof heatcapacity andenthalpystudies on this compoundto 700K. Thermodynamicproperty
calculations for this four-ring hydroaromaticawait completion of vapor pressure and enthalpy of combustion
measurements. (SGP49)
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ENERGY PRODUCTION RESEARCH

BE1. RESERVOIR ASSESSMENT AND CHARACTERIZATION

AccomplLshments

The objectives of this project are (1) to develop geological and engineering methods to predict mobile oil
saturationdistributionand quantify reservoirarchitectureand flow unit geometry for applicationto targetedinfill
drilling and EOR and (2) to synthesize reservoirand productioncharacteristicsof shorelinebarrierreservoirs and to
determinesimilarifi'esanddifferences anddegreeto which information fromone reservoircanbe appliedto another.

Milestone 2--Reservoir and production studies indicate that the Monell Unit of Patrick Draw field has
potential for recovering additionaloil from CO2 injection after waterflooding. To investigate the amountof oil
recovery and the potential economical impactof CO2 flooding in the pilot areaand Patrick Draw field, Computer
Modeling Group's compositional simulator GEM was obtained from DOE and installed in N-IPER'sMicroVAX
computer. The simulatorwas successfully compiled, after minor modifications, and was validated by running
sampleproblems.

Analysis of petrographicaldata from20 thin-section samplesconstructedfromcores takenfromfour wells in
Arch Unit of Patrick Draw field indicates that the sandstonesare dominantly feldspathic litharenites,with lesser
amounts of lithareniteand sublitharenite.The mean total rock volume of diagenetic features thathave an effect on

"porosityand geometry of pores includequartzovergrowths(0.9%), calcite cement (1.1%), dolomite-ankeritecement
(11.1%), siderite (.03%), total clay cement (6.9%), totalcements of ali kinds (18.4%), and opaquesand ironoxides
(1.5%). The dolomite-ankerite-calcite ratio meanvalue is 14.2 for 10 samples thatcontain carbonateminerals. The
high ratio is somewhat unexpected and indicates thatdolomite is much more abundantin the subsurface samples
thanis calcite. Based on preliminaryobservations,this relationship may be quite different thanthose observed on
samples taken fromoutcropexposures of the Almond Formation.

A mean value of 61.2% of total feldspars are altered or show effects of corrosion. The high percentage of
altered feldspars is the result of their instability in leaching subsurface fluids. Important diagenetic events
recognizedby Keighin, et al. (1989), includethe leaching of calcite followed by late-stage leaching of ankerite, lt is
possible that the same fluids responsible for the leaching of carbonateminerals also had a corrosive effect on the
feldspars. This would resultin interparticleporosity and a moderate to greatincrease in microporosity.

Discussions with Dr. M. J. Fetkovich, a senior principalreservoir engineer fromPhillipsPetroleumCompany
and a pioneerin the applicationof decline curveanalysis forproductiondataanalysis, resulted in the identification
of the types of information that can be obtainedfromdecline-curve analysis. The main conclusions reachedfrom
the discussions were thatthe drainagevolume, the skineffect of the reservoi,_,the degree of carbonatecementation
or massive fracturing,and the degree of layeringin the reservoir can be identifiedfromdecline curveanalysis when
combined with other informationfrom thereservoir.

Milestone 3--The revised draft of the report, "Annotated Bibliographyon Shoreline BarrierDeposits," has
beencompleted andis in review.

Milestone 6--Two papers were presented at the conference, Fluvial-Dominated Deltaic Reservoirs in the
Southern Midcontinent, that was held in Norman, OK, March23-24, 1993. The papers were entitled "General
Reservoir andProductionCharacteristicsforFluvial-DominatedDeltaic Reservoirs"and "HeterogeneitiesRelated to
Deltaic Depositional Processes and Their Effect on Waterfloodingand EnhancedOil Recovery (EOR) Processes."
Extendedabstractsand illustrationsto be includedin preprints for the conference, New Technology for Independent
Producers,were completed, reviewed, andsubmitted. The conferencewill be held in Denver, CO, May6-7, 1993.

Manoower and Financial Status

Financialexpendituresand manpowerarehigher thanpredicteddue to the effortrequiredin meeting the early
deliverabledates formilestones 2 and 3.

Status of Project Milestone,i

Projectmilestones areon schedule.
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BE2. TORIS RESEARCH SUPPORT

Accomulishments

The objective of this projectis to provideresearchsupportto the DOE ProgramManagerfor the TertiaryOil
Recovery InformationSystem C/'ORIS)in the areasof enhancedoil recovery (EOR) projectandreservoirdatabase
management,EORprojecttechnology and trendsanalysis,and computersimulation.

Milestone 2--No work was done on review of the INGRESversion of the EOR projectdata base because of
other high prioritytasks. A request to extend the completion date of this milestone to September 1993, has been
approvedby the BPO.

Milestone 3--A detailedoutlinewas preparedfor thechapterof theNIPERfmai report.

Milestone 4--Research supportof the EOR ProjectData Base consisted of accessing and querying the data
baseand preparingapprovedchanges forda_ entry. The approvedchanges were puton tapewitha transferprogram
and the tapewas sent to EIA. These S2k inputfiles will updatethis version of the database. Workwas startedon a
standardquerylanguage(SQL)wogrmn to updatethe INGRESversion of the database.

Milestone 7-:--Lettersrequesting 1992 and 1991 (when appropriate)data on the TertiaryIncentive Projects
were mailed in February. Forty-nineresponses have beenreceived for 1992, threefor 1991, and two for 1990. Of
the total 54 forms,43 areactive, leaving 11either terminated,abandoned,shut-in,or sold.

Milestone 8--Work under this taskhas concentratedon comparingoil production from 15 steam projectsin
theTertiaryIncentiveProgramto estimatedoil productionof the TORISmodel. Since there aremore Steamprojects
than any other EOR process, this will provide the best opportunity to statistically estimate the accuracy of the
model. Aggregated results show excellent agreement between the TORIS model and the selected projects.
Unfortr:_.j.ely, the variation of actual and simulated oil production between the model and the actual project is
significant. Workalso concentratedon ensuring the oil in place is being properlymodeled. During the course of
this review process, differences were notedin the way the formation volume factors (FVF) were being determined.
This would ultimately impact the OOIP* volumes generatedby the pre-processorDEFLT and the IOIP** volumes
from the steamflood predictivemodel (SFPM). After a carefulreview of both programs,assumptions used in the
volumetricalgorithms were indeed found to be different. However, the fact thatthere aredifferences does not imply
thatone is correctand the other is not, only thatthey are inconsistent in their usage. The effect of these differences
will be discussedin the nextquarterlyreport.

*OOIP Originalo/1in place in reservoirbefore primaryproduction.
**IOIP Initialoil in place--oil remaining in producedreservoir atthe beginning of projectsimulation.

Mannower and Financial Status

Manpowerandfinancialexpendituresareon schedule.

Status of Project Milestones

The BPO has approved a request to extend the completion date of milestone 2 to September 1993. Ali
other milestones areon schedule.
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BE3. DEVELOPMENT OF IMPROVED MICROBIAL FLOODING METHODS

Accomnlishments

The objectives forFY93 are(1) to continuedevelopmentof an engineeringmethodology for use in the design
and applicationof microbialmethods and (2) to improve oil recovery methods andrefine modeling proceduresfor
predictingthe effectiveness of such methods in field applications.

Different types of microorganismscan improveoil recovery in various ways. NIPERhas focused primarily
on surfactant and gas-producing microbes for improvements in microscopic oil displacement efficiency.
Microorganisms can also be used to plug high-permeabilityzones and cause fluid diversion. During the past 2
years,microbialretentionexperimentshavebeenconductedwith surfactantandgas-producingmicrobes to determine
the effects of microbial adsorption and clogging in porous media. These experiments have been used to define
parametersand values for thenumericalMEORsimulator.

Research for FY93 will continue with laboratory experiments designed to meet both near- and mid-term
objectives. Based upon the laboratorydata,mathematicalmodels arebeing developed to predictmicrobialtransport,
metabolism, oil recovery, and permeability modification. The resulting models can then be used to predict the
behavior of microbial EOR processes under actual reservoir conditions. Injection strategies for maximizing
incrementaloil recovery arealso beingdeveloped.

Milestone 2--A coreflood experiment is in progressusing a microbialspecies of Leuconoztoc. This species
producespolymer when fermentingsugarand should not produce gas in the coreplug. By comparingNMR images
obtainedduringthis coreflood with previously acquiredimages in corefloods usinggas-producing microbes, it may
bepossible to determine and quantifygas distributionin the pores.

Milestone 3--A coreflood was initiatedwith a polymer-producingmicroorganismto compare the results of
oil recoveryefficiency and pressuredropacross thecore duringwaterfloodingwith results obtainedpreviously using
NIPER6 Clostridium which producesgas, acids, and surfactant.

Milestone 4--The chapter on microbial EOR processes for the NIPER final report has been written and
submittedforreview.

Milestone 5---Evaluationof the retention test data continued this month. A glass beadpackwas constructedto
conducta retention test using NIPER 6 microbial species.

Mannower and Finanelal Statu_

Manpowerand financialexpendituresareon schedule.

Status of Project Milestones

Projectmilestones areon schedule.
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BE4A. DEVELOPMENT OF IMPROVED CHEMICAL FLOODING METHODS

AccomDlishments

The objectives of this projectare (1) to determinethe applicabilityof advanced EOR technologies, based on
mixed surfactantsystems, to improve oil recovery from Class 1 and otherDOE-targeted reservoirs; (2) to adapt
suffactantEOR technology to different salinity and temperatureranges by developing surfactantsystems that are
tolerantto changes in chemical composition in selected reservoirs; and (3) to develop cost-effective systems for
selected applications using low-concentrationsurfactants with alkaline additives or other sacrificial agents. The
studies will focus on problem areas which adversely affect performanceandeconomics of chemical EOR and thus
achieve abalancebetween cost andoil recoveryeffectiveness.

Milestone 2--The phase-inversion-temperature(PLT)screening experiments using selected combinationsof
TRS 10-410BBA (anionic) and the Genapol (nonionic) and Igepal (nonionic) series of surfactants,in combination
with different alkanes, have been completed. The results of these experiments are currentlybeing analyzed and
corrlcated. Work continues on othermixed surfactantsystemscontainingAOS surfactantsas the primarysulfonate
component. In earlier PIT experiments, combinations of these AOS surfactantswith selected nonionic surfactants,
at a fixed component proportion50:50%by weight, indicatedsome trendsin solution conductivitychanges that can
be attributed to the relative proximity of optimal conditions for these anionic-nonionic mixtures. However,
additional tests with these combinations indicated that the trends with these mixtures were not as distinct as
compared to earlierresultswiththe mixtures of the TRS 10_410/IBAsystem and the different nonionic components.
These results indicate that the AOS surfactant solution behavior appears to dominate the solution behaviorof the
overall mixtureat the 50:50%by weight chemical proportiontested. Additional salinity scans and PIT tests are
being conducted with mixturescontaining nonionic componentproportionsgreater than 50%. Preliminaryresults
using systems with the higher nonionic component indicate very distinct phase inversion trends. These results
showed that under the conditions tested (nonionic component greaterthan 50%) the nonionic surfactantbehavior
appea_t to dominate the overall solutionbehavior. Additionaltests areplanned for this mixed surfactantsystem.

Milestone 3--An oil-wet core fromNorth BurbankUnit (NBU), Osage County, Oklahoma,has been cleaned,
andits porosity has been determined. This core will be used to examine the interaction of iododecane with the oil-
wet surface in order to evaluate the effect of possible preferential adsorption of iodedecane on oil saturation
distribution calculations using CT-imaging techniques. For the CT-imaging experiments, either water- or oil-
soluble tagging agents must be used to distinguish differences in oil and aqueous fluid saturationdistributions.
Surfactantsolutions are very sensitive to ionic content. Therefore, tagging aqueous solutions containingchemical
flooding agents may not be possible. Ali CT experimental of chemicals floods studies conductedto date have used
iedodecane to tagthe oil. Preferentialadsorptionwas not observedwhen corefloodswere conducted using water-wet
cores; however, some problems in determining oil saturation were encountered during a previous oil recovery
experiment using oil-wet NBU core. If iododecane adsorbson the oil-wet surface, the CT value of the rock will
change, causing inaccuratevalues to be used in saturationcalculations. Results of this experimenthave implications
concerninginterpretationof CT-determinedoil saturationsforreservoircore of unknownor mixedwettability.

Milestone 4-Adsorption studies of mixed nonionic and anionic surfactant systems have been initiated to
evaluate theproblem of chromatographicseparationof mixed surfactantsystems duringchemical flooding processes.
Both static and dynamic adsorptiontests will be conducted. The mixed surfactantsystem, Stepan's B-100, an alkyl
aryl sulfonate, and Igepal DM 530, an ethoxylated alcohol, has been selected for study. Analysis of the nonionic
surfactantrequires separationfrom the anionic usingan ion exchangecolumn. Calibrationcurves for the analysis of
the nonionic surfactantconcentrationhavebeen determined for solutions thatinitiallycontained both surfactantswith
andwithout 3%added NaCI. The static adsorptiontests of unadulteratedand mixed surfactantshave been initiated.
Davidson Grade 62 silica gel, with a specific surfaceof 330 m2/g, was used as the adsorbent. Since reservoirrock
generallyhas about I m2/gspecific area, a nonconsolidatedcoreof l-ft length can representthe surfacearea o! 100 or
more feet of reservoir.

Milestone 5--Two CT-monitoredcorefloods are in progressto determine the effect on oil-bank formationand
propagationwhen the slug-injection size is altered. Both cores have been waterflooded to residualoil saturationand
arereadyfor chemical injection. For one core,0.4 PV of 0.4% totalconcentrationof surfactantwill be injected and,
for the second core, 0.2 PV of surfactantwill be injected. Results will be compared with a previous experiment
where0.75 PV of the same surfactantformulationwas used.
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A paper, entitled "CT-Imaging of Surfactan_rPolymer EOR Corefloods," was presented at the ACS
Symposium on EnhancedOil Recovery, 20501 National American Chemical Society Meeting, March 28-April 2,
1993, in Denver, CO.

Milestone6--Work on the surfacumtdatabase is continuing. Twenty recentreferenceswere added to the data
base this month. Approximately175references now comprise the subsetof publications to be consideredforcritical
review. The review process is underway.

Milestone 7--For the NIPER final report,a first draft of the state-of-the-artanalysis of chemical flooding
processes andprojectBE4A accomplishmentsoverthe FY84-92 time framehas been assembled. Accomplishments
forFY93 arebeing prepared. The final reportchapter on chemical flooding will includesurfactantflooding,alkaline-
surfactant-polymerflooding,andpolymer_ch.

Mannower and Financial Status

Manpowerandfinancialexpendituresareon schedule.

Status of Project Milestones

Projectmilestones areon schedule.
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BE4B. DEVELOPMENT OF IMPROVED ALKALINE FLOODING METHODS

AccomDlishnl_nts

The objectives of this project are to develop improved alkali-surfacumtflooding systems and to provide
supportforan SGP field project. The specific objectives for FY93 areto improve the stability of alkali-surfactant
flooding systems by designing combinations of chemicals that will curtail the loss of surfactant from chemical
interactions. Most of the testsare being performedwith crudeoil from the Tuckersand(a Cherokeegroup sand) of
Hepler(KS) oil field, the site of a alkaline/surfactant/polymerfieldproject.

Milestone 2--Completion of this milestone on the characterization of dispersions that are typical of
surfactant-enhancedalkaline systems, has provento be morecomplicatedand time intensive than anticipated. The
results from light-scattering techniques employed in this research have been found to be extremely sensitive to
polymermolecule shape--a shape in which changesaredependenton parameterssuch as exeemely small variations
in the ionic characterof the solutions. The acquiredlaboratorydata hasbeen reviewed by an expertin light scattering
techniques, and this has resulted in consensus of opinion that there is not sufficient time remaining in FY93 to
obtain laboratorydata that will provide a quality reporton this subject. Thus, a memo has been submittedto the
BIO requestinga change in the scope of workfor this milestone.

The proposed new direction for the work for milestone 2 would focus on the use of computerized
tomography (CT) imaging to accurately determine oil saturations in field cores swept with surfactant-enhanced
alkalinechemical formulations, lt hasrecenOybeen determinedthatthis type of researchis necessary becauseof the
difficulty in accuratelypredictingheterogeneities in midcontinentfield cores and in estimating final oil saturations
that result after application of chemical flooding methods in midcontinent fluvial-dominated (DOE Class 1)
reservoirs.

Milestone 3--Results fromProject BE4B were used in the design of the field test in Hepler (KS) field. They
were also included in part of the data presented at the Tenth TORPconference in Wichita, KS, and at the FDD
sandstonereservoirworkshop in Norman, OK. Both meetingswere held in March.

Milestone 4--Final report preparationwas continued with a written section on the accomplishments of
surfactant-enhancedalkaline flooding researchduringthepast9 years, which will be a partof Chapter4 of the report.

Mannower and Financial Status

Manpower and financial expenditures are below projections due to staff involvement in the SGP41
alkaline/surfaclant/polymerfloodingfield project.

Status of Project Milestones

As explained above, a requesthas been submitted to the BIO requesting a change in scope tor milestone 2.
The otherproject milestones areon schedule.
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BE4C. MOBILITY CONTROL AND SWEEP IMPROVEMENT IN CilEMICAL FLOODING

Accomnlishments

The objectives of this project are to develop improved methods for maintainingeffective mobility control
throughoutthe reservoir in chemical flooding and to use NIPER'spermeabilitymodification simulator to design a
cost-effective gel treatmentemploying polymergel systems. Specific objectives in Ft' 93 are (1) to determinethe
effect of laminationangle on polymer retentionin unfiredBerea cores, (2) to compare simulation results using the
permeability modification simulator with field performance, and (3) to convert the permeability modification
simulatorforuse with an IBM-PC/80386or compatiblemicrocomputer.

Milestone 2--Computed tomography (CT) scans were conducted on an unfu'edrectangularBerea sandstone
core, before and after it was saturatedwith 2% KCI, to determine the locations, directions,and porosity contrastof
the laminations. This core had dimensions of 23.88 x 3.81 x 3.81 cm and was cut at 30* from the direction of
laminations. CalculatedCT porosity was 18.8%,comparedwith 19% froma brinesaturationmethod. Tracertests
were conductedat 5.4 mL/Iu"(1.54 ft/d or 47 cm/d) by injecting a slug (0.3 PV) of tagged brine (7% KI) into the
core followed by 2% KCI. The flow behaviorof the laggedbrinewas monitoredthroughoutits advance throughthe
core by conventional CT and topogram scanning. The resulting images arebeing analyzed and will be compared
with those after the polymer flow. Corefloods will be started upon completion of the brine permeability
measurements.

Milestone 3--Converting the fielddatafroma pilot field thathadbeentreatedwith gelled polymer to an input
datafile forNIPER'spermeability modificationsimulatoris in progress.

Milestone 5-- The Verstdraft of the researchactivities and accomplishments fromFY85 to FY93 has been
completedandis in review.

A paper (SPE 25453), entitled "The Effects of Layer Permeability Contrast and Crossflow on the
Effectiveness of Polymer Gel Treatments in Polymer Floods and Waterfloods," was presented at the 1993 SPE
ProductionOperationsSymposiumin OklahomaCity, March21-23, 1993.

Mannower and Financial Status-

Manpower utilization is on schedule, but financial expendituresare low due to the temporaryallocation of senior
staff to other DOE priorityprojects.

Status of Project Milestones

Projectmilestones areon schedule.

17



BESA
FINANCIAL STATUS OF THE PROJECT FOR MARCll Flnanehd Status

7,10,000 /...

Total APtnpr_tJm: 2SO,0m _ /

Lm, _ gqeqmmU 3O,OOO

App_mm n.kmce: 2_000 17_00o J

e.,q_dJu_ _ unM_tth, 2o,2n _._ f
Total Ezpm_u_ to Du_: 120,882 _/

Net Avsil8_: 129,118 //_
132,000 /

/

u,ooo ,,d

Annum Pkn Pro)ect BESA 44.000 , 2'1

Ges FIm)dPerfm'nunce _ _/-
/bnprovemm o

Oct Nov Dec Ju Feb Mar Apt" May Jura Jui Ace Sep
Phumed 22 41 59 77 95 11.3 130 148 166 18,4 202

AcWaJ 22 42 68 83 101 121

VsrJm_ 0 -1 .9 -6 -6 4 130 14 166 184 202 220

MANPOWER STA'i_S OF THE PROJECT FOR MARCH MmqmwerStatus
7_q60

Total MJm.beer_ 2,S60 _._
Mm.bun used t&JsMonth: 214 /

Teta/Mu-buts used to Dme: 1,128 2,048
Net Avalk_: 1,432 /

/
/

X,- Wark_ /

C'= Revised CompJeel_ Date Oct Nov Dec Jen Feb Mar Ape. Msy J_ lid Au8 Sep

C"= CampM4edAbmd dScbedule Iqmmed 240 484 691 8_J 1106 131.3 1530 1728 1_5 2142 23._0 2560
Actusl 220 395 S91 743 914 1128

Key MOemme Status Vm'Mace 20 89 100 ISS 192 185 1.520 1728 1935 2142 2550 2560

1 SebmJt _ leport m Envtrmmest_ ssf'e_y, m,d l.lmdtlt le,Jew XXX XXC

2 C.omghm CamU'u:55m & TWlq _l_lsk-Pr_mre !1_ Me_urememt

Apspm'mm _ XXX XXX XXX XXX XXC
3 i_ms/tse Studies en PVT Detm'mbmkm ar Csrban DleaJde _

Between Hydroatbom & WstmrPbesm st SeJecJedTmqmntwe &
_C.amdttkm XXX XXX XXX XXX XXX C

4 _ Egr Mmsm_mmls for Wstm'.Hydrumbcm Systems C

$ Pr_ps_ C_kSll_ for NIPgR _ aepo_ Smmmsr11MmlAccm_llsb.

mmMsolr_Bg.qA(DraltComlde_byAIWl] 15) XXX XXX C

6 Tqdud Report _ Expu'fmm_ Techniques & Corr,btlom

Devdoped fm' IFr and Csrbm DJ_d_.Pm't_m_ Mee_remems C

18



BESA. GAS FLOOD PERFORMANCE PREDICTION IMPROVEMENT

Accomnllshments

The objective of this project is to improve prediction techniques for gas miscible displacement through
fundamentalresearch in displacement mechanisms. The FY93 studies are to determine (I) the effects of CO2
partitioningin oil andwaterphases and(2) the significanceof CO2 dissolutionon wagr-oil interfacialtension OFT)
andrelativepermeability.

Milestone 2--The construction and testing of the high-pressure IFT measurement apparatushave been
completed.

Milestone 3-----Beforecompleting II_ measurementsof CO2 systems, the solubilities of CO2 in the aqueous
andoil phases have to be determined.To this end,the literatureis being examinedin an attemptto find equationsof
state thatcan be used in developing techniques to predictCO2 solubility in water andbrine. However,none of the
av_,_lableequationsof state examinedto datehave beenacceptable.

Milestone 4--A calibrationof the IFT measuringequipment has been conducted for purewater. The water
sample was obtained from the distillation of deionized water with the oxidation agent (KMnO4). The measured
surfacetension for purewaterat 30_C was determinedto be 71.46 dyne/cmand in close agreementwith the literature
reportedvalue of 71.4 dyne/cm. The calibration work will be continued to assure the IFT measuringequipment
continuallyproducesreliableandreproducibledata. Once ali testing has beencompleted,a calibrationprofeclurewill
beestablished for futuremeasurements.

Milestone 5--A draft of the chapter on gas flooding research has been prepared for the final report and
submittedfor review.

Mannower and Financial Status

Financial expenditures are on schedule, but manpower is low by 14%. Additional laboratorysupportwas
requiredin the installationandoperationof the new IFT measuringequipment.

Status of Project Milestones

Milestone 2 has been completed. The otherprojectmilestones areon schedule.
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BE$B. MOBILITY CONTROL, PROFILE MODIFICATION, AND SWEEP IMPROVEMENT
IN GAS FLOODING

Accomolishnlents

The objective of thisproject is to developmethodsfor improvingsweep efficiency in gas flooding. Proposed
methodsfor profile modificationinclude the use of polymers,in situ formationof polymergels, and by precipitation
of saltsandchemicals.

Milestone 3--Mercury invasion tests were made with cores to determine the size of pore throats and the
particlesize of precipitated salt necessary to block pore throats. For a high-permeabilitycore of 700 to 800 roD,
the mediandiameter of the largerpore throatswas about 24 I.tm. Previously, the particle size of precipitated salt
with ethanol was measured frombottle tests. These observations indicated that most of riteprecipitatesranged in
size from3 to 12 microns. The observationsindicatedthatmost the salt crystalswere not sufficiently large enough
to plug a pore throat of this size and, therefore, pore throatsof lower permeability cores were more effectively
plugged by the _dt crystals.

Severalcorefloods wereconductedwith Bereacoresto measurepermeabilityreductionusingsaltprecipitation.
For the corefloods, threeparameterswere observed that affect the degree of permeabilityreduction: the quantity of
alcohol injected, the original core permeability,and the shut-in time after brineand alcohol injection. Alternating
slugsof alcohol andNaCl-saturatedbrinewere injectedat a rate of 7.5 ft/d. Itwas observed,that forcores having the
same permeability a 10 to 15% higher permeability reduction was obtained when injecting 0.3 PV of ethanol as
comparedwith 0.2 PV. The permeabilityreduction of a 500 mD core was about25% lower than observed with a
800 mD core. In addition,as stated last month,greaterpermeability reductionwas obtainedby shuttingin the core
foraboutoneweek.

Additional corefloods were conducted to determine the persistence of salt precipitation on permeability
reductionby a conventionalwaterflood. A lower salinitybrine(5% NaCi) was used ratherthan fresh water to reduce
salinity shock and to prevent the possibility of clay swelling. For two corefloods, thepermeability increased 5 to
10% after injecting two PV of 5% brine. The corefloods indicated a good persistence of salt precipitation to
maintainblocked pores afterthe injectionof low salinitybrines.

Milestone4---A draftof the final reportdescribingworkaccomplishedforgas floodingis being prepared.

Mannower and Financial Status

Financial expenditures are on schedule. Manpower is below planned projections due to laboratory staff
commitmentsto other DOE projects.

Status of Prelect Milestones

Projectmilestones areon schedule.
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BE9. THREE-PHASE RELATIVE PERMEABILITY RESEARCH

Accomnlishments
_

The objectives of this project are (1) to improve the reliability of laboratorymeasurementsof three-phase
relative permeability for steady- and unsteady..stateconditions in core samples; (2) to investigate the influence of
rock,fluid, androck-fluidpropertieson two- and three-phaserelativepermeabilities;and (3) to expand the stateof the
art formeasuringrelative permeabilitiesat highertemperaturesand pressures.

Milestone 2--Two-phase steady-stateoil/brine reservoir conditionrelative permeability measurementswere
recorded for Almond Formation plug 4953. The test was conducted with 1,000 psig confining pressure at a
temperatureof 120° F. Comparedto ambienttemperatureresults forplug 4959, the oil relativepermeability curves
were similar, while the brine relative permeabilities from the 1200 F test were higher than those of the 74° F
condition. This may indicate an increase in wetting-phase relative permeabilitywith an increase in temperature.
Additional tests are requiredto verify this observationas time and funds permit; however, the majorityof work
scheduled for this milestone hasbeen completed.

Milestone 3mThin-section, XRD, and SEM analyses; mercury injection porosimetry; and routine
permeabilityand porosity tests were conductedon Fontanbleausandstone samples. Routine permeabilitiesranged
from 80 to 130 mD while porosities were in the range of 9 to 11.3%. The XRD results indicate that the rock is
99% quartz,with 1% clay (illite). SEM and thin-section analyses indicate that therock is comprised of medium-
grained,very well sorted,well rounded,quartz-cemented,quartzareniticsandstone. The meangraindiameteris about
0.60 mm. Quartz overgrowth cement is the dominantauthigenic constituentwithin this sandstone, accounting for
approximately 19% of the bulk volume. Porosities may be considered lower than normal compared to the
permeabilityrange. The poresare largeandare well connected.

s

Milestone 4---The bubble point characteristicsof bromopropanewere measuredthis month and were found to
be different from predictedvalues. A fluidsystem consisting of methane, propane,and bromopropaneis in design.
PVT characteristicsof the fluid systemwill be testednext month.

Milestone 6--The computer to be used in coreflood simulations has arrived. A request was extended to
anotherresearchlaboratoryequippedwith a coreflood simulatorto test some of thelaboratory data fromthis project.

Milestone 7---A fast draft of the final report was submittedfor secretarialenhancement at the end of the
month. Muchof the manpower expendedduringthis reporting period was concentratedw_,,ardcompletingthe first
drdL

ManDower and Financial Status

Manpowerandfinancialexpenditureshavebeenhigh becauseof milestone7 efforts.

Status of Project Milestones

Milestone 2 is finished. Milestone 3 is on schedule. Milestone 4 is behindschedule and has proved to be
moredifficult thananticipated. The firstdraftof the final report(milestone 7) has beenprepared.
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BEI1A. THERMAL PROCESSES FOR LIGHT OIL RECOVERY

Accomplislllnents

The FY93 objectivesof this projectare (1) to performan environmental,safety, and health(ES&H) analysis
on projecttasks, (2) to assess the thermalresearchperformed at NIPER, (3) to develop procedureand apparatusfor
measuring dynamic saturationchanges in steamfloods at field conditions using X.ray and CT scanning and
incorpcgatetemperatureandpressuremeasurementsto calibratea numericalsimulator forpredictivepurposes;(4) to
conduct laboratory research in supportof NPR No. 3, Teapot Dome (WY) field light oil steamflood; and (5) to
participatein the AnnexIV meetingsconductedby theDOE and the VenezuelanMinistryof Energyand Mines.

Milestone 2mA draftreport on thereview of the previous 10yearsof researchconductedby the thermalgroup
has beenreviewed andis to be publishedas NIPER-675.

Milestone 4--A posterand subsequentpaperon NIPER'sresearchon the screeningof surfactantsas foams for
steam diversion was included in the Proceedings (NIPER-669) of the DOE/NIPER Symposium on the Field
Applicationof Foams for Oil Production. The symposium was held in Bakersfield, CA, February11-12, 1993, as
part of projectSGP63. The topical report on the data/control/presentationsoftware for the steamfloodlaboratoryis
in wepm_tion.

Milestone 5--A draftof the resultsof the previous 10 yearsresearchat NIPER by the thermalgroup is being
preparedas achapterfor inclusion into NIPERfinal report.

Milestone 6--A reporton the resultsof researchon task58---light oil steamflooding researchat NIPER--was
presented at the AnnexIV meeting heldin Caracas, Venezuela, Mar.2-5. The next meeting, scheduled for October
1993, will be held at Startled University. This completes milestone6 aheadof schedule.

Milestone 7--An outline of the topicalreport describingresearchon light oil recovery hasbeen prepared.

Mannower and Financial Status

Manpowerand financial expendituresareabove original projectionsdue to the effort requiredin preparingthe
review of the previous 10 yearsof researchconductedby the thermal EOR group (milestone 2) and in preparingthe
MarchAnnex IV presentation(milestone 6).

Status of Project Milestones

The topical report for milestone 2 has been submittedfor review. Milestone 6 has been completedahead of
schedule. Ali othermilestones areon schedule. Problems withlocationof the steamflood laboratoryhave notbeen
resolved.
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BEIIB. THERMAL PROCESSES FOR HEAVY OIL RECOVERY

Accomnlishments

The projectobjectivesare(1) to analyze theNIPERheavy oil databaseandscreenTexas Gulf Coastreservoirs
for priority rankingand (2) to conduct modeling and reservoir studies to determine the applicability of thermal
enhanced oil recoverytechniquein Texas Gulf Coast heavyoil reservoirs.

Milestone 3--The topicalreportfor the 10-yearassessment of thermal EOR researchwas submittedto BPO
and NIPERmanagementforreview on "March22, 1993. The reportis expected to be finalized next month.

Milestone 4--Mobil's steamfloodpredictionmodelsoftware was received on March23, 1993. Evaluationof
the softwarefor its predictiveabilitywill begin next month.

Milestone 5taMest of the wells in the Hutzler"C"lease were hydraulicallyfracturedandsand propped. A
preliminary evaluationof the fracturejob in a well (Hutzler"C-3") indicated that orientation of the fracture was
vertical. The fracture was 0.2 in. wide and 312 ft long. The PI (productivityindex) was 6.3. The permeabilityof
the fracturewas 2,000 darciesand the porosity was assumed to be the same as thatof the matrix(0.32).

Results of the cyclic steam simulationstudiesindicated that the cyclic steam process would not be effective
in this reservoir due to thin pay, hence, numerical simulation of steamflooding (steamdrive) was initiated. A
quarterof a 5-spot patternof 2-acre area was consideredfor simulating steamflood. The dual porosity model was
used to represent the hydraulicfracture. For the injection weil, the maximum injection pressure was limited to
1,000 psi and the steam quality was assumed to be 70%. The maximum steam injection rate was limited to 400
bbl/d. Ina run,using a 8 x 8 x 3 gridand 15 ft as the width of the block containingfracture,the oil recovery and
cumulative oil steam ratio (COSR) were found to be 51% and 0.15, respectively, at the end of 1,058 days of
steamflood. Additionalrunsareunderway.

Milestone 6--.A chapter on thermal EOR research activities for inclusion in NIPER's 10-year report is
nearingcompletion.

Mannower and Financial[ Stains

Manpowerandfinancialexpendituresareon schedule.

Status of Project Milestones

The topical reportformilestone 3 is in review. The other projectmilestonesare on schedule.
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BEI2. IMAGING TECHNIQUES APPLIED TO THE STUDY OF FLUIDS IN POROUS
MEDIA

Aceomnlishments
_

The objectives of this project are: (1) to develop and correlate reservoir engineering parameters from
petrographic image analysis, computed tomography (CT) scanning, and nuclear magnetic resonance imaging
(NMRI);(2) to investigatethe applicabilityof imagingtechnologies in thedevelopmentof scale-upproceduresfrom
core plug to whole core to interweil scale; (3) to developan industryconsortiumor industrialadvisorypanel to help
plan, review, and participate in the research through the Work-For-Othersprogramand to provide for effective
technologytransferand (4).to stronglyencouragecollaborativeresearchby industrialparticipants.

Milestone 2--A topical report,entitled "ImagingTechniquesApplied to the Studyof Fluids in PorousMedia:
Scaling Up in Class 1 ReservoirType Rock," has beencompleted and submittedto BPO as NIPER.663.

Milestone 3--In investigating the use of single and multi-energy scans for rapid characterizationof cores,
topograms and CT reconstructedimages were compared for 5-in. diametercore of strongly consolidated sandstone
containing millimeter-scale layers. Although the topogramsshowed the general sedimentary features, the quality
generated by the images reconstructed from 2-mm sections taken at 141 kV was clearly superior. To use the
topogrammode for large core diameters or high-attenuationrock, higherX-ray energies as found in industrialX-ray
equipmentare needed. When a medicalCT scanner is available,which has the maximumenergy in the 140-150 kV
range, the CT reconstructedimagescanprovide the neededdetailed core informationbut at largertime investmentand
equipmentutilizationthanwhen the topogrammode is used.

Milestone 4---The imbibitioncycle for relative permeabilitymeasurementsin a heterogeneousTallantsample
has been completed for fractional water flow rates of 0.0, 0.05, 0.1, 0.2, 0.4, 0.7, 0.9, 1.0 for the 26 cP oil
viscosity. Preliminary analysis indicates the presence of correlations between the porosity of various rock
laminationsand the saturationdistributionsat the variousfractional flow conditions. The drainageprocess will be
performedin April.

Milestone 5---Improved NMR images of the pores in Fontainbleausandstone were generated using the surface
rendering capability of the latest upgrade of Spyglass Dicer. Mercury injection data and computer.assisted
petrographicimage analysisof thin-sectionsdatawere obtainedand used in combinationwith NMRIdata to study the
correlations between pores and pore throats in Fontainbleau, Tallant, and Bentheimer sandstones. Qualitative
preliminaryagreementwas observedbetween the thinsection andtheNMRIobservations.

Milestone 6--The first draft for the rock fluid imaging research chapter (containing results and
accomplishmentsof projectBEI2 and earlierprojectsBE12A, BEl2B) has beenpreparedfor the NIPERfinal report.

Milestone 7--A paper, entitled "Pore Scale Fluid Imaging in Reservoir Rock by NMR Microscopy," by
Daryl A. Doughty, Liviu Tomutsa, and Michael P. Madden has been preparedand presented at the ACS National
SpringMeeting Symposium on Applicationsof Magnetic Resonance Imaging in EnhancedOil Recovery, Denver,
CO, March28-April 2, 1993. Contactshave continuedwit_l'itwo majoroil companies regarding researchcooperation
andformationof an imagingconsortium.

Mannower and Financial Status

Manpowerandfinancialexpendituresareon schedule.

Status of Pro leer Milestones

The milestone 2 topical report has been submittedto BPO as NIPER-663. Milestone 3 is runningbehind
schedule. The other milestones areon schedule.
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FUELS RESEARCH

IIFR2. DEVELOPMENT OF ANALYTICAL METHODOLOGY FOR ANALYSIS OF HEAVY CRUDES

Accomnll_hment_
-

Cat-crackingof Lagomedio>650° F resid, andchromatographicfractionsthereof,was completed. Solid and
liquid products from those runsare currentlybeing analyzed. Analysis of Brass River productswas completed;
thosedataarebeing entered into the computerforcalculationof materialbalances for those runs.

Several cross-blending, cat-crackingexperimentswere carriedout this month. A given acid or base fraction
wasblended with neutralfractionsfromseveralresids to determineif any interactionwould occurbetween acidicor
basic componentsand neutrals. Also, a Wilmingtonbase fractionwas diluted with a gas oil at levels from3 to 50 wt
%to determine theconcentrationdependenceforbase inhibitionof gas oil cracking.

Workon the 10-yearsummaryreport(milestone2) was initiated.

Mannower and Fjnnncial Statn_-

Experimental work has essentially ceased due to the exhaustion of available funds. One more series of
experimentswith Merey >650° F resid and its fractionsremains to be completed.

Status of Project Milestones

Milestone2 is on schedule;milestone 3 is aheadof schedule.
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BFR3. THERMOCHEMISTRY AND THERMOPHYSICAL PROPERTIES OF ORGANIC
NITROGEN- AND DIHETEROATOM-CONTAINING COMPOUNDS

Accomnlishments

Preparationof a journal article on the thermodynamic prt,perties of the compounds2-methylaniline andtrans-
decahydroquinolinecontinued. Data analysis is now complete. Updatingof ali of the relevanttables continues. The
articlewill be submittedto the Journal of Chemical Thermodynamics in the coming month.

Heat capacity and enthalpy measurementsby adiabaticcalorimetrywere completed for 2-methylquinoline.
Measurementsextendedoverthe temperaturerange 4 to450 K.

Lastmonthadiabaticcalorimetryon 5-methylbenzimidazolewas halteddue to an impurityin the sample that
hinderedrapid measurement. The problem was assessed, and it was decided that the compound requiredfurther
purification. If measurements were continuedwith the presentsample they would requirea time extensionof 6 to9
months.

Heatcapacity and enthalpystudies on 8-methylquinolinewere halted forcryostatrepairs. Afteroperating for
approximately50 years,the insulationon one of the calorimetershields finally deterioratedbeyondrepair. Rewiring
of thatshield is in progress,and it is probablethat measurementson 8-methylquinolinewill recommenceby the end
of April.

Enthalpy of combustion studies on 2-methyl and 8-methylquinolines continued. These compounds are
includedin a seriesof measurementsschedule,xl forcompletion inthis quarter.

Ebulliometric vapor pressure measurements in the temperature range 394 K to 569 K (2 kPa to 270 kPa)
werecomplew,d for2-methylquinoline.

High-temperatureheatcapacityandcriticalpropertydeterminationsby differentialscanning calorimetry(DSC)
werecompletedfor2-methyl-and8-methylquinoline. Criticaltemperatureandcriticaldensityvalues were determined
forbothcompounds. (Thecriticalpropertiesarekey engineering-designparameters.)

Writing of the chapterfor the NIPERfinal report on the accomplishmentsin this researchcontinuedand will
be completed by mid-April(milestone 4).

A status report for researchcompleted in FY92 will be completed this month.

Mannower and Finanelal Status

Manpowerand financial expendituresare below originalestimates. Development of the computer software
scheduled formilestone 5 has beendelayed pendingdirectionon the exact design, and which was to be determinedat
the milestone 2 review meeting.

Status of Project Milestones

The status report to complete the FY92 milestones is in preparation. FY93 project milestones are on
schedule.

33



SGP13
FINANCIAL STATUS OF THE PROJECT FOR MARCH Financial Status

Total Appropristlm: 419,000 225,000 ; /,
Lm Sabcomtrtets: lM,050

Approp_tl_ Beirut: 224,_0

Ezpt,m_tm'u for the Mo_'_: 1,619 227q647
Total _ toDate: 413,881 _ {/

Net AvsJlah_: 5,119 /
/

S_ F._pen_ l_t,0Se 220,294 / /

An._ manProjectSCPL_ US,Sm

Field Project 213,235 J _--_
Oct Nov Dec Jan Feb Mm' Apr May Jun Jut Aug Stp

Planned 214 214 216 218 220 222 224 22.5

Actual 214 214 21.5 216 :218 220

Vm'lance 0 0 1 2 2 2 27,4 225 0 0 0 0

MANPOWER STATUS OF THE PROJECT FOR MARCH Mmpower Stetm
3,34O )

TeUdMu4uw= 3,340 /
/

Mm-ltem_ used ti_ Mmth: 20 /

Tetul _ used to Dete: 3,7_ 3,310 //
Net Available: 72 (/

3_1 /)

3,221 /_//_ f

X - Werk Compta_ ...-..4

c.msmsd_ _m s,191 / r-
c'=igeviad Cempbtkn Dttw Oct Nov De: Jim Feb Mtr Apt" May Jun JuJ Aua Sep

C"=_Abmdd,_dmlule Etlmn_l 3198 3201 3220 3240 3260 3300 3320 3MO
Aamal 3198 3201 3211 3227 3248

Key MBNtme Stmtm Varlmtee 0 0 9 13 12 32 3320 3340 0 0 0 0

1 Ceml_t_ Oil Recover7 MmJtm'bq Plmm; SmlaMtTq_d Report

_PafermmceotMEORl_k_dPrqlm XXX XXX XXX XXX XXX XXX C

34



SUPPLEMENTAL GOVERNMENT PROGRAM

SGPI3. MICROBIAL-ENHANCED WATERFLOODING FIELD PROJECT

Accomplishments

The objectives of this project are to determine the feasibility of improving oil recovery in an ongoing
waterflood using microorganisms; to expand the initial pilot and determine the economics of microbial enhanced
waterflooding.

The site for the expanded IV[EORpilot is located in Section 8, Township 24 North, Range 17 E, of Rogers
County. This site is part of the Chelsea-Ailuwe field in the Bartlesville formation and was initially developed
shortly after Delaware-Childers field. The site is currently under waterflood and is owned by Phoenix Oil and Gas
Ltd. This field is in a very isolated area, with virtually no other oil-producing leases nearby. Although this field has
much in common with the Mink Unit, thcre are some significant differences. The Phoenix field is not a freshwater
flood; the water is recycled and injected and has an average total dissolved solids value of 3%. The permeability of
the formation is about 20 roD.

Milestone 1-- Oil production data through December 1992, indicated an improvement in oil production of
16% over waterflooding alone. No new oil production data has been received.

A paper detailing the results of this field test was presented March 11, 1993, at the Tenth Oil Recovery
Conference sponsored by TORP in Wichita, KS.

Mannower and Finpncial Status

Manpower and financial expenditures are on schedule.

Status of Proiect Milestolles

Milestone 1 is on schedule.
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SGP37. FEASIBILITY STUDY OF HEAVY OIL RECOVERY IN THE MIDCONTINENT
REGION: OKLAHOMA, KANSAS, AND MISSOURI

Accomnlishments_

The objectives of this researchprojectare (1) to determinethe knownheavy oil resourcesof the UnitedStates,
(2) to evaluate the various economic constraintsthat may impactdevelopmentof this resource,and (3) to determine
if steamor otherEOR processesareapplicableto economic productionof this resource.

Milestone lmAn approved version of the heavy oil data base was sent through the TORIS recovery and
economic model to analyze each reservoir for its recovery potential using steam, in situ combustion, and
alkaline2surfactant/polymer(ASP) flooding processes. These reservoirdata were approvedby the DOE Technical
ProjectOfficer in Februaryfor this computerstudy butarestill considered preliminary. The data will be refinedand
additionaldata will be collected as pan of anothermilestonebefore this projectis completed.

Reservoir information on 505 reservoirs, representing68.6 billion barrelsof original oil in place, was put
into the typeof formatnecessaryfor the modeling runs, and additionalinformationwas added. Earlycomputerruns
indicatednumerousreservoirswith inputdata that estimatedunreasonableEORpotential. For example, information
on gross pay--as it relates to net pay--is used by the model to estimate steam efficiency, but this relationshipwas
notemphasizedin the compilation of the reservoir information. Another problemwas foundin the computermodel
itself in estimating potential for in situ combustion. A subroutine in the model was setting oil saturationto the
valueof theresidualoil saturationwhena currentwatersaturationwas not entered--even if the currentoil saturation
was input. After corrections were made to the inputdata and model, final runs were made for steam, in situ
combustion,and alkalineflooding recoveryprocesses.

The results showed an 11.5 billion barrelpotential for implementedsteam technology, a 15.8 billion barrel
potentialfor advancedsteamtechnology, a 1.3 billion barrelpotential for implementedin situ combustion,and a 1.0
billion barrelpotential for advanced alkaline flooding technology at $20/barrel(e.g., referenceprice for40° API--
price for modeling is adjusted for °API and location) and at 10% rate of return without considering mutually
excludingresults. The results were consistentwith the 1984 EOR studyby the National PetroleumCouncil (NPC),
since roughly 50% more oil and improvements in recovery technology are included in the currentestimate. The
NPC study estimated4.4 billion barrelsfor implementedthermal recoverytechnologies at the same economics and
the 10.5 billion barrel estimate for advanced thermaltechnology at $30/barrel. The NPC study did not estimate
alkaline-surfactant-polymer(ASP) potential for heavy oil but estimated 9.9 billion barrels for surfactantand 0.07
billion barrelsforalkaline at $30/barrel. The NPC study did not estimateASP potential for heavy oil butestimated
9.9 billion barrels for surfactant and 0.07 billion barrels for alkaline at $30/barrel. Last year, the criteria for
implementedtechnologywas broadenedto include reservoircharacteristicsof technicallyandeconomically successful
steamprojects. Therefore, some of the reservoirs classified as the advancedtechnology target by the NPC are now
classifiedas target_ for implementedsteamtechnology.

This task was completed in Marchand the results were delivered to the BPO Technical ProjectOfficer by
memorandum. The scheduled status report will be delayed beyond the scheduled April completion. A requestto
extendthis completiondate is being prepared.

Milestone 2--The reporton the feasibility of heavy oil recovery from the U.S. Gulf Coast is being prepared.
Anadditionalanalysisof select Texasheavy oil reservoirsis underway.

Mannower and Financial Status

Manpowerand financialexpendituresareon schedule.

Status of Project MileslQlles

Two earlierprojectreports havegone througha second DOE/NIPERreview. ReportNIPER-606, "Estimates
of FutureHeavy Oil Productionat Three ProductionRates--Background Information for Assessing Effects on the
U.S. Refining Industry,"is being reviewed by DOE Headquarters. NIPER-560, "Feasibility Study of Heavy Oil
Recoveryin the MidcontinentRegion,"is scheduled fordelivery in April. A requestto extend the completion date of
milestone I beyond April is being preparedforsubmittalto the BPO.
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SGP41. SURFACTANT-ENHANCED ALKALINE FLOODING FIELD PROJECT

Accomvlishments

The objectives of this pilot project are (1) to obtain informationand data that will help to demonstrate the
applicabilityof surfactant-enhancedalkaline flooding as a cost-effective EOR method, (2) to transferthesurfactant-
enhanced alkaline flooding technology thathas been developed underthe sponsorshipof the DOE to the petroleum
industry, and (3) to obtain informationregardingproceduresfor designing and applying this technology that will
assist independent producers in sustaining production from mature producingoil fields ratherthan abandoning
marginal wells.

The site selected for the surfactant-enhancedalkaline flooding pilot test is Hepler (KS) oil field, which is
located in Crawfordand BourbonCounties. This near-termapplicationof a promisingEOR technology in a fluvial-
dominated deltaic type reservoir is consistent with the strategy outlined in DOE's oil research program
implementation plan.

Milestone 2--Plans for field implementation of the projectwere discussedat a meeting in Wichita on March
10. Routine core analyses and wireline ing data indicate that the Tucker Sand is heterogeneous. Special core
analyses showed that the heterogeneitiesextend to microscale. Microscaleheterogeneitiesadequatelyexplain the less
than ideal laboratorycorefloodingresults. Extrapolationof results fromlaboratoryscale to field scale is difficultdue
to the lack of information on the lateral extent of compartmentalization. Therefore, the effect of reservoir
heterogeneityon chemical flooding will not be known until the fieldproject is implemented, lt was decided that a
betterestimateof the final oil saturationin the areaswept by chemical flooding is needed. This has beendifficult to
estimate from coreflooding experiments due to channeling of fluids throughhigh permeabilitystreaks in the field
cores. In an attempt to better estimate oil saturation in the zone sweptby chemicals, corefloods are being performed
while monitoring flow patterns with CT scanning. These experiments are being performed under Project BE4B,
which is supporting the SGP project with some laboratory experiments.

Milestone 3--One remaining task is to ensure that the sodium bicarbonate, which will be acquired from
western Colorado or Wyoming (North American Chemical Co.), is compatible with the other EOR chemicals. A
test sample of the sodium bicarbonate has been shipped.

Milestone 4---In completing this task, a presentation on comparison of methods for evaluating core from a
midcontinent fluvial-dominated deltaic sandstone reservoir was presentedat the Tenth Oil Recovery Conference held
in Wichita, KS, and at the Fluvial-Dominated Deltaic Reservoirs in the Southern Midcontinent workshop in
Norman, OK. The Tucker sand is a local-equivalent Bartlesville sand and is typical of many reservoirs in the area
that are operated by independent oil companies. The presentation showed that there is extremely good agreement
between routine and advancedanalytical methods thatcan be used forreservoir evaluation:computerized tomography,
minipermeameter measurements, and thin section analysis.

Mannower and Financial Status_

Manpower and financial expendituresare behindschedule due to delays that have resulted fromunfavorable
core results in theareaof the field thatwas originallyselectedfor thepilot site.

Status of Project Milestones

As described above, milestone 4 has been completed. Milestones 2 and 3 are behindschedule due to lower
thanpredictedoil recovery fromreservoircores duringeoreflood. Additional information on possiblechanneling of
injected fluids will be obtained through CT monitoringof the reservoir core duringcoreflood. A request to extend
the completion datesof these milestones is being preparedforsubmittalto BPO.
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SGP49. PROCESS-ENGINEERING PROPERTY MEASUREMENTS ON HEAVY
PETROLEUM COMPONENTS

Accomnlishments

A topical report, entitled "The Thermodynamic Properties to 700 K of Naphthalene and
2,7-Dimethylnaphthalene," NIPER-678, was completed this month and fulfills the requirements of FY92 milestone
5. The report will be submitted to the BPO following internal review. Work on a topical report on phenanthrene
and its hydrogenation products continues (milestone 1).

The topical report in which the thermodynamics of hydrogen shuttling are compared for pyrene, phenanthrene,
and anthracene is near completion. These reports were not part of the original milestones for this project but will be
completed due to the important insights they give to the controversy existing in the literature over the mechanism(s)
of hydrogen shuttling. Work on the organometallics report (FY92 milestone 3) is also near completion.

Enthalpy of combustion studies on 1,2-dihydronaphthalene and 1,10-trimethylenephenanthrene continued.
These compounds are included in a series of measurements scheduled for completion this quarter.

Heatcapacity and enthalpy studies by adiabatic calorimetry on 1,2-dihydronaphthalene were started this month.
Early results confirm the very high purity of the calorimetric sample (>99.97 mole per cent).

High-temperature measurements by differential scanning calorimetry (DSC) were completed on
1,10-trimethylenephenanthrene. The DFC results extended the range of heat capacity and enthalpy studies on this
compound to 700 K. Thermodynamic propertycalculations for this four-ring hydroaromaticawait completion of the
vapor pressure and enthalpy of combustion studies mentioned above.

The status reports for research completed in FY92 (FY92 milestones 7 and 8) are near completion.

Mannower and Financial Slatus

Manpowerand financial expendituresare on schedule.

Stains of Proiect Milestones

Details of projectmilestones aregiven above. Milestone I is runningbehindschedule.
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SGPS0. DEVELOPMENT AND APPLICATION OF PETROLEUM PRODUCTION
TECHNOLOGIES

Milestones 2 and 3--Thirty-five application forms from students attending the University of Oklahoma,
Oklahoma State University, University of Central Oklahoma, Baylor University, University of Missouri at Rolla,
University of Kansas, Purdue University, Rice University, Stanford University, Harvey Mudd University, Texas
ChristianUniversity, Bartlesville Wesleyan College, Villanova Univcrsity,California State University at Fresno,
Tulsa University,andOhio StateUniversitywere received. Afterreviewingtheirresumes and transcripts,offers were
madeto 11 studentsafterinterview. The reviewing and interviewingprocess will be continued in April.

Manpower and Financial Status

Manpowerandfinancialexpendituresareon schedule.

Status of Protect Milestones

Although milestone 2 was scheduled for completion in March, the decision has be.enmade to continue the
recruitmentof studentsthrough the month of April. The otherprojectmilestones arcon schedule.
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SGP$6. UPGRADE BPO CRUDE OIL ANALYSIS DATA BASE

Accomnlishments

The objectivesof this projectare(!) to develop andmaintaina high-integrity,on.line, crude oil analysis
(COA)database thatis availableto thepublic; (2) to upgradeand updatecrudeoil analyses for inclusion in this data
base;and (3) to participatein the UNITAR analysis roundrobin.

Milestone l--Tbe UNITAR Round-Robinconferencewas postponedand has not been rescheduled.

Milestone 2--The data base system design is progressing. The bulletin board software and a doorway
programwere configured to work with an xBase program. A test program was writtento determine the best user
interface for the new COA. The test results showed thatan interface design that did not include cursor control
would be most appropriate. This type of user interfacewill allow use of the most basic terminals(TRY) to access
the database. The planned interfacewill be an interactive dialogue thatscrolls as a session progresses. The use of
more advanced protocols that use ANSI standards, and would allow arrow keys to be used, might be a future
enhancement.Workhas startedon programmingfor genericqueriesby the user.

Milestone 3--Approximately 50 crude oil samples will be analyzed for trace metals and approximately 30
samples will be analyzed for hydrocarbon type. One additional sample was analyzed for hydrocarbon type this
month. Sixteen samples have now been analyzed forhydrocarbonsand fifteen for trace metals. Results will be
reportedin the next Technical QuarterlyReport.

Mannower and Financial Status

Manpowerand financial expenditures are behind schedule. Selection and analyses were startedlater than
originallyplanned.

Status of Project Milestones

Milestone 1 is behind schedule because the review meeting was canceled and has not been rescheduled. Ali
otherprojectmilestones areon schedule.
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SGP58
FINANCIAl. STATUS OF THE PROJECT F_)R MARCli Financial Status
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SGP58. SIMULATION ANALYSIS OF STEAM-FOAM PROJECTS

Accomnlishments

The objectives of this researchproject are (I) to study the viabilityof the steaun-foamprocess by analyzing
datafrom selected completed steam-foam projects and (2) to assess conditions underwhich the process likely to
succeed,both technicallyandeconomically.

Milestone 2raThe history matchof Chevron'sSection 26-C Steam-Foam Pilot is continuing. Matchingof
the pressureprofile was successfully accomplished, but the temperaturematch was less than satisfactory. While the
simulation predicts significant temperatureresponse after 45 days of foam injection, field observation indicated
significantresponse after80 days of foam injection. Attempts to match the temperatureprofile causedthe pressure
profile to deviate significantly fromtheobserved value, andthe oil productionratewas reduced. This was am'ibuted
to an inability to match the temperatureto the basic assumptionof the simple foam model employed, namely that
foam (pressurepulse) andsurfactantpropagateat the same rate. Observationin the field indicates this is not the case
and that foam significandy lags surfactantpropagation. Additional simulation runsare planned with increased
surfactantadsorptionto obtainbetterhistorymatching.

Mannower and Financial Status

Manpowerand financ;.alexpendituresare below planned estimatesdue to seniorstaff commitments to other
DOE priorityprojects.

Status of Project Milestones

Project milestones are on schedule. The March completion date for milestone 2, as shown in previous
Monthly Reports,was in error. The approvedcompletion date is May 1993, as shown on the facing page.
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SGP61
FINANCIAL STATUS OF ITIE PROJECT FOR MARCH Financial Status
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SGPtl. DOE EDUCATION INITIATIVE PROJECT

Accomvlishmen|s

The objective of the DOE EducationInitiativeprojectis to enrich the science programsof public schools in
the northeasternpartof Oklahoma by developing partner,;hipsbetween the schools, communities, businesses, and
other interestedgroups.

Milestone 3--Evaluation forms were sent to students,coaches, moderators,and Science Bowl volunteers.
Approximately 180 formswere mailed, _nd 64 responses have been received as of this writing. Results will be
tabulatedin April.

Liaison is providedbetween the OklahomaScience Bowl team andNationalScience Bowl organizersto ensure
ali information is made available and that arrangemeotsare made for the Oklahoma team to participate in the
National Science Bowl, April16,-19.

JudyKokesh assisted with regional"Trainthe Trainers"session in theOil andGas Explorationmodule of the
Denver Earth Science Project. Ms. Kokesh met with Milt Jarrett,Dean of Continuing Education, University of
Tulsa, to discuss the University's participationin the regional "Trainthe Trainers,"July 11-21. TU will provide
classroom space, resourcepeople, housing, andme,alsforparticipants.

Planninghas begun for the "Oil and Gas Exploration"moduleworkshop to be held in Oklahoma City, during
the summer. Ms. Kokesh met with Dr. Edna_nning, President,OklahomaSchool of Science and Mathematics to
discuss their participationin the workshop andcompleted preliminarydiscussions with the CurriculumDirectorof
Oklahoma City Public Schools relating to the distribution of workshop information to science teachers.
Discussions were also conducted with the Edut.ation/CareerDevelopment Coramittee (ECDC) and Phillips
Petroleum Company regardinga joint teacher internshipprogramfor Phillips and NIPER during the summer of
1993.

NIPER will provide one teacher internship in EnergyProduction Research, and Phillips will provide three.
Applicationinformationwill be mailed to 60 teachers in Bartlesvilleand surroundingdistricts. Teacher applications
will be reviewed by sapervising researchers. Teacher interns will be invited to attend NIPER's weekly seminar
programofferedforsummerstudents.

Mal_vower and Financial $1alus

Financialexpendituresare low by 28%, and manpower is high by 13%. This is due to the inability to plan
accuratelyfor the type of activities involved.

Status of Project Milestolles

Projectmilestones _xeon schedule.
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SGP63
FINANCIAL STATUS OF THE PROJECT FOR MARCH Financial Status
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SGP63. FIELD APPLICATION OF FOAMS FOR OIL PRODUCTION SYMPOSIUM

Accomnlishments

The DOE and NIPER cosponsored a day and a half symposium on the field application of foams for oil
productionat the Red Lion Inn,Bakersfield,CA, Feb. 11-12, 1993. Seventy-two individuals from seven countries
were in attendanceandactively participatedin the discussions andpanel presentationson the currentstatusof foam
technology. The agenda included 13 technical papersand 8 poster sessions. Responses from the participants
indicatedthat the symposium was an overwhelming success, and manywanted to see additionalprocess-specific
meetings of this type.

Milestones2 and 3--The papers,extendedabstractsof postersession presentations,and summaryof the panel
discussion,heave ali beenassembled into the Proceedingsof the symposium and designatedas NIPERreportnumber
699. The report has been submitted for review and comment. The Proceedings will be distributed following
publicationas a DOE/FEreport.

Mannower and Financial Status

Financial expendituresarebelow schedule because ali invoices associated with the symposium have notbeen
paid. Manpower is high and reflects the considerable amount of secre_mial help requiredin preparing for the
symposium.

Status of Projfct Milestones

Milestone 2 has been completed. Milestone 3 is on schedule.
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SGP64
FINANCIAl, STATUS OF THE PROJECT FOR MARCH Financial Status
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SGP64. TECHNOLOGY TRANSFER TO INDEPENDENT PRODUCERS

AccomDlishments

The objective of this project is to transferinformation,through a series of seminars, on oil and gas related
subjectswhich have been identifiedby independentoperatorsas having the highest priority.

Milestone 2--The currentseriesof lectures developedby Texas IndependentProducersandRoyalty Owners
(TIPRO)and the Bureauof Economic Geology at the University of Texas at Austin has concluded. Lectures were
given in the following Texas cities: Dallas (January28, attendance 85), Amarillo (February12, attendance 38),
Abilene (February17, attendance60), Midland(February18, attendance77), Houston(February24, attendance77),
and Wichita Falls (March 3, attendance 85). A scheduled meeting in Corpus Christi was canceled due to low
registration; however, potentialattendees from the Corpus areawere urged to attend the Houstonmeeting. NIPER
personnelattendedandmonitoredeach of these meetings.

Luncheon speakers included Jeff Jones (Jones Company Ltd., Abilene meeting), Julian Martin (TIPRO,
Amarillo meeting), T. D. Coffman (President TIPRO, Midland meeting), R. Earley (Chairman,House Energy
Committee, Houston meeting), and V. Okorokov (Federation of Energy & Electrotechnical Societies, U. Texas at
Richardson, Wichita Falls meeting).

Evaluationof these meetings has begun in terms of a cross section on types of companyparticipation(e.g.,
wereattendeesfrom large or smallindependentcompanies),commentsby attendees,appropriatenessof materials,and
recommendations for future technology transferactivities. A database containing informationreceived from the
surveyformsprovidedatthese meetingswas preparedforevaluation.

Mannower and Financial Status

Manpowerand financial expenditures are below plannedestimates. Staff expenditures associated with the late-
February workshops were not ali posted for the month. These charges should be accounted for in the April Monthly
Report.

Status of Proiect Milestones-

Milestones I and 2 havebeen completed. Milestone 3 is on schedule.
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SGP69
FINANCIAL STATUS OF THE PROJECT FOR MARCH Financial Status
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SGP 69. COMPILATION AND ANALYSIS OF OUTCROP DATA FROM THE MUDDY AND ALMOND
FORMATIONS

fllcth

The objectives of this project are (1) to compile outcrop data from the Muddy and Almond Formations; (2)
supply missing data, interpretations, and analyses where needed; and (3) put data in a _ansferable format for use by
interested parties.

Accomnlisllments

No work was performed on this project this month. Work will resume in June.

_4angower and Financial Status

Financial expenditures and manpower have been rescheduled with permission of the BPO.

Status of Project Milestoqgs

Milestones have been extended to accommodate manpower and financial rescheduling.
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SGP73
FINANCIAL STATUS OF THE PROJECT FOR MARCH Financial Status
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SGP73. HORIZONTAL WELL PRODUCTION FROM FRACTURED RESERVOIRS

Accomplishments

The objective of this project is to determineoffects of naturalfractureson horizontalwell productionusing
numerical simulationto provideguidelines, screeningcriteria,or analyticalpre,dictions of horizontalwell production.

Milestone 1--The fracturedensity anddistributionpettem fromoutcropsarebeingcollected.

Milestone 2--The shape factorin the transferfunctionbetweenfractureandrock matrix was investigated. The
shapefactorO is defined as

q_t
a = (1)

kV(pf-

where k - permeabilityof rock matrix
pf = fracturepressure
Pm =volumetricaveragepressureof rockmatrixblock
q = flow rate between fractureand rockmatrix
V = bulk volume of rock matrixblock
}J.= fluid viscosity

The shape factor formulaproposed by Kazemi for the case of a cubic matrixblock is 12/(I2, where d is the
length of the matrixblock. Kazemi's formula can be derived based on the quasi-steady-state (QSS) flow and the
assumptionthat_mmequals the pressure in the centerof the matrixblock. Warrenand Root proposeda formulafor
theshape factoras

O = 4N(N+2)/d2 (2)

where N is the numberof normal sets of fractures, 1, 2, or 3 (The basis of this formula is notknown).

Based on materialbalanceanddarcyflow in QSS, theshape factorwas derivedin this studyas

O = 15#2 = 60/di2 forsphericalflow (3)
0 = 8lr2 = 32/di2 forcylindrical flow (4)
0 = 12/d2 for lineal flow (5)

where r anddi are the radiusanddiameterof the sphericalor cylindricalmatrix,respectively,
andd is the length of the linearrock matrix.

Formulas (3)-(5) agree with formula (2), if di's in formulas (3)-(5) arereplaced by d. The equivalentlocation
of _ from the edge of rock matrixis back-calculatedas 0.ld, 0.125d, and 0.167d forcases in formulas (3), (4), and
(5), respectively. These values of _mmlocation are different from the assumption of 0.5d in Kazemi's formula.
Because of this assumption of 0.5d, Kazemi'sshape factor is five times smaller than shown in (3) for the spherical
or three-dimensionalcubic flow between fractureandrock matrix.

Mannower and Financial Status

Manpowerandfinancialexpendituresareon schedule.

Status of Proieet Milestones

Projectmilestones areon schedule.
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