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FOREWORD

The Monthly ProgressReportfor April 1993, NIPER-686, is submittedin accordancewiththe provisions of
CooperativeAgreementDE-FC22-83FE60149betweentheDepartmentof Energyandthe HTResearchInslitute.

The statusof a new project,designatedas SGP72 and fundedunderthe SupplementalGovernmentProgram,is
included in this report. The objectives of the project are to achieve effective coordinationof technology transfer
effortsamongDOE and the diverse organizationsthat arepan of the petroleumindustryand to provide feedback to
DOEregardingtechnologyneedsof the petroleumindustry.
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SUMMARY

ENERGY PRODUCTION RESEARCH

Organization and coordin_tion of the technology transferconference, New Technology for Independent
Producers, to be held in Denver, CO, May 6-7, 1993, has continued. NIPER personnel will chair the Reservoir
Characterizationand Biotechnology sessions and present eight papersat the meeting, four of which reflect work
conductedin projectBEI. Talksm be presentedby theprojectstaff personnelinclude subjectssuchas the effects of
rservoir heterogeneityon oil recovery efficiency, reservoircharacterizationforEOR potentialevaluation,application
of standardpetrographicalanalysis, and applicationof hydrogeochemicaltechniques to reservoircharacterization.
03El)

The compiled BOAST simulator has been tried on several one- _mdtwo-dimensional (1-D and 2-D)
simulations. On 2-D datasets involving approximately3,000 gridblocks, the simulatortakes about 30 minutes to
perform 600 trials before reaching terminating conditions. For a 1-D data set involving 40 grid blocks, the
simulator takes 33 seconds to perform 1,000 trials before reaching endpoint. During this 33 second run, the
simulatoroutput 36 data files showing the 1-D oil, water,andgas saturationsand how the flood fronttraversedthe
length of the model duringthe simulation. Now thatthe simulatoris working properly,it will be used to study 1-D
and 2-D modelsbased on permeability,porosity,capillarypressure,and saturationdistributionsrepresentativeof real
rock systemsunderstudyin the laboratory.(BE9)

A topical report, entitled "Evaluation of NIPER ThermalEOR Research, State of the Art and Research
Needs," (NIPER675) has been delivered to the BIO. This reportsummarizesNIPER'sthermal recoveryresearch
over the past 10 years, analyzes contributionsof the research,describes the transferof the technology to potential
users, defines currenttrends in thermalresearch and thermal oil production,and identifies areaswhere NIPERcan
contributeto futureadvances in thermaloil production. (BEllA)

Numerical simulation of a steamflood in the Taylor-Ina (TX) field is in progress. The feasibility of
improving steamflood performance with CO2 as an additive is being investigated. A literature survey of a
steamfloodusing CO2was undertakento collect the requisitedataforsimulation. The ComputerModelingGroup's
phasebehaviormodel (CMGPROP) will be used in modelingCO2-steamphase behavior. (BE11B)

A paper,entitled "ImagingTechnology Applied to Rock andFluid Imagingin Cores,"will be presentedatthe
New Technology for IndependentProducersWorkshopto be held in Denver,CO, May 6-7. (BE12)

Report NIPER-606, "Estimates of Future Regional Heavy Oil Production at Three Production Rates--
Background informationfor Assessing Effects on the U.S. Refining Industry,"has been delivered to the BIO. In
addition,an updateof trends in heavy oil production and ref'mingin Californiawas presented andpublished in the
Prigs of the AmericanChemical Society Symposiumon EnhancedOil Recovery, thatwas held in Denver,
CO, Mar. 28-Apr. 2. (SGP37)

Nineteen students have acceptedoffers to participatein the summer intern program. Each studenthas been
notified as to safety training,seminars, and meetings planned for the summer. Topics of the seminars include
geology, _ and secondaryrecovery, EOR, biotechnology, andenvironmentalissues associatedwith petroleum
production. The teacher-internsfrom NIPERand PhillipsPetroleumCo. also planto attendthe seminars. (SGP50)

Information pertaining to the curriculum of the Oil and Gas Exploration module was presented to Mike
Benard,pe'._sidentof the MidcontinentOil and Gas Association,andMickey Thompson,executive vice-presidentof
the Oklahoma Independent Peteroleum Association. Both gentlemen displayed considerable interest in the
curriculum and suggested that NIPER present additional information on the module at future meetings of their
respective organizations. (SGP61)

The papers, extended abslractsof 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
Proceedingswill be availablefordistributionfollowing publicationas a DOFJFEreport. (SGP63)

An organizationalmeeting was held in Austin,TX, Jan. 18, to discuss formationof an industrycommittee to
facilitatetransferof oil andgas technology to the domestic petroleumindustry. This meeting was conductedas part
of a new SGP project established to implement an oil and gas technology transferinitiative. Participantsof the
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meetingincluded representativesfromthe petroleumindustry,societies, and wade associations and observersfrom
DOE and the national laboratories. Representatives from TIPRO,TORP, Illinois Geological Survey, and New
Mexico PetroleumRecoveryResearchCenter madebrief presentationsrelatingto ongoing technologyprograms. A
majority of those attending selected the name of the coordinating committee to be the Petroleum Technology
TransferCouncil. (SGP72)

FUELS RESEARCH

Cat crackingof Lagomedio>650° F resid, and chromatographicfractionsthereof, has been completed. Solid
and liquid products from those runsare currentlybeing analyzed. Analysis of Brass River productsalso has been
completed;thosedataarebeingenteredinto the computerforcalculationof materialbalances. (BFR2)

A journal article, entitled "The ThermodynamicProperties of Thianthrene and Phenoxathiin," has been
acceptedforpublicationin the Journal of Chemical Thermodynamics. (BFR3)

A commercial zone-refining apparatushas been received and assembled. Testing and determination of
operating parametershas begun. A sample of l_.,3,4-tetrahydrofluoranthene,synthesized by Oklahoma State
University,will be zone refinedonce the apparatusis operational. (SGP49)
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ENERGY PRODUCTION RESEARCH

BE1. RESERVOIR ASSESSMENT AND CHARACTERIZATION

bcemnnllshmentq-

The objectives of this project are(1) to develop geological and engineeringmethods to predict mobile oil
. saturationdistributionandquantifyreservoirarchitectureandflow unit geometry for application to targetedinffll

drillingand EOR and (2) to synthesizer _ervoir andproductioncharacteristicsof shorelinebarrierreservoirsand to
determine similarities and differences m_dthe degree to which informationfrom one reservoir can be applied to
another.

Milestone 2--Decline curveanalysis of productiondatafromPatrickDraw (WY) field is being evaluatedfor
its potentialuse as a reservoircharacterizationteel. The declinecurveanalysisoffers reliablereserveestimates and
providesaccuratecalculationof reservoir parameterssuchas the drainageareaor the skin factorwhich areof critical
importance in any enhanced oil recovery operation. Parametersobtained from decline curve analysis may be
comparedwith those obtained fromseismic or wireline log interpretationsfora greater degree of confidencebefore
initiatingan expensive EOR project.

Estimations of reservoir parametersfrom the decline curve data are based on a trial and errorapproachin
which values of certainparametershave to be knownbefore others can be calculated. Decline curve analysisand
comparisonof reservoir parameterswere performedon Monellwells 1 and 14 from PatrickDraw field. Porosities
and pay thicknesses previously determinedfromcore-log correlationsindicate that Monell 14 is located in a much
more uniformpartof the reservoiras comparedm Monell 1 which is located in an areaof significa,,t depositional
andstructuralheterogeneities. Decline curveanalyses drainageradiiof 333 ft forMonell I and 2,100 ft for Monell
14 supportthe previous findings. A large negative skin factorof -4.5 in Monell 14 suggests a significant effect of
stimulation in this well as comparedto that in Monell 1 which had a skin factor of 0. The OOIPin Monell 1 was
estimatedto be 1.088 MMBBLscomparedto 4.966 MMBBLs in Monel] 14. The type curvematchforwell Monell
14 suggest':_!that the drainageis characteristicof a layered reservoirwith no communication between layers. In
contrast,the values calculatedforwell Monell 1 indicatethatthe effect of layeringis small. While the actualvalues
of these parameters will depend upon the accuracy of the input parameters like formation pressure or water
saturation, analysis of decline curves can independently provide information about relative variationsof certain
reservoirparametersin a producingfield.

Milestone 3--Report NIPER-622, "Annotated Bibliographyof Selected References on Shoreline Barrier
Island Deposits With Emphasison PatrickDrawField, SweetwaterCounty,Wyoming," is in preparation.

Milestone 4--The section of the final report summarizingthe FY93 researchactivities and accomplishments
has beencompleted. A draftof the entirereport is nearlycomplete.

Milestone 6--Organization and coordination for the technology transferconference, New Technology for
Independent Producers,Denver, CO, May 6-7, 1993, has continued. NIPER personnel will chair the Reservoir
Characterizationand Biotechnology sessions and present eight papers at the meeting, four of which reflect work
conductedin projectBE1. Text andfigures for the prcprints,as well as slides and talks have been prepared.Talks
to be presented by project staff personnel include subjects such as the effects of reservoir heterogeneity on oil
recovery efficiency, reservoircharacterizationfor EORpotential evaluation, applicationof standardpetrographical
analysis,andapplicationof hydrogeochemicaltechniquesto reservoircharacterization.

The paper, entitled "Integrationof a Geological-EngineeringModel with ProductionPerformance: A Case
Study at PatrickDraw Field, Wyoming," was acceptedby SPE forpresentation in the DevelopmentGeology and
GeophysicsPosterSession of the 1993 SPE AnnualMeetingat Houston,TX, Oct. 3-6.

A proposal has been submittedto the DOE Office of Fossil Energy fora cooperativeproject with Russia to _
optimize petroleum productionin both countries. The application of moderntechnologies for advanced reservoir
characterizationand improved oil recovery to enhanceproduction fromknown reservoirs was emphasizedin the
proposal_drawing heavilyon technologydeveloped in BE1 andrelatedSGP projectssupportedby DOE.
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Fourproposals for the Small Business Innovative Researchprogramwere reviewed for the Deparunentof
Energy.

A tour of NIPER _ncilities was conducted for a group of Tulsa University professors and students.
Presentationsregardingthe:reservoircharacterizationresearchprogramandthepetrographicimage analysisandCT
laboratorieswereprovidedby staffpersonnel.

Mannower and Finsmclal Stgtn_

Financialexpendituresandmanpowerarehigher thanpredicteddue to the early milestone completiondates
andgreaterthananticipatedeffortsrequiredin organizinga technologytransferconference.

Stat_qof Proicct Milc_ton_

Projectmilestones areon schedule.
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BE2. TORIS RESEARCH SUPPORT

Acgomnlishments

The objective of this projectis to provideresearchs_ to the DOE ProgramManagerfor the TertiaryOil
RecoveryInformationSystem (TOP,IS) in the areasof enhancedoil recovery(EOR)projectand reservoirdatabase
management,EORprojecttechnologyandtrendsanalysis,andcomputersimulation.

Milestone 3---The work on the BE7,chapterfor theNIPER finalreportwas a prioritytaskduringthe month,
andthe initialdraftis nearingcompletion.

Milestone 4--Research supportof the EOR ProjectData Base consisted of correctingand updatingthe two
versions. While updating the INGRES version, some of the errorsfound in the S2k versio+_were identified as
alreadycorrectod. At least some the unexpectedcorrectionsrelate to the methodof forming the INGRES version
fromtheS2k version--.dateswere disaggregatedto e"hminatedate.relatederred. A detailedanalysisbzfwhatdatawere
changedand why, as well as updatingtheINGRESversion,will continue.

Milestone 7--Letters requesting1992 and 1991 (when appr,4ziate)data on the TertiaryIncentive Projects
were mailed in February. Forty-nineresponses have alreadybeen received for 1992, threefor 1991, and two for
1990. Of the total fifty-four forms, 43 are active, leaving 11 either terminated,abandoned, shut-in, or sold.
Productionandinjection datafrom most of the responseswere enteredinto aworkingfile.

Milestone 8---Work under this taskhas concentratedon comparingoil productionfrom 15 steamprojectsin
the TertiaryIncentiveProgramto estimatedoil productionof theTORISmodel. Since there aremore steamprojects
than any other EOR process, this will provide the best oppommity to statistically estimate the accuracy of the
model. Aggregated results show excellent agreement between the TORIS model and the selected projects.
Unfortunately, the variation of actual and simulated oil production between the model and the actual projectis
significant. After rigorousreview of ali the projectdata, a series of rerunsof the projectshas been made to ensure
that thestartingoil in place is appropriatelyrepresented. Althoughresults for specific projectschanged duringthis
review, the statistical resultschanged verylittle. Since the totaloil productionis in good agreement, it was decided
thatsampling shouldbe expandedto as manysteamprojectsas possible.

Mannower and Financial Status_

Manpowerand financialexpendituresareon schedule.

Status of Pro lect Milestones

Projectmilestonesareon schedule.
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BE3. DEVELOPMENT OF IMPROVED MICROBIAL FLOODING METHODS

Aceomnlishmenls

The FY93 objectives of this projectare (1) to continuedevelopmentof an engineeringmethodologyforuse in
the design and application of microbial methods and (2) to improve oil recovery methods andrefine modeling
proceduresforpredictingthe effectivenessof such methodsin fieldapplications.

Different types of microorganismscan improveoil recovery in variousways. NIPER°sresearchhas focused
primarily on surfactantand gas-producingmicrobes that are capable of improving microscopic oil displacement
efficiency. Microorganismscan also be usedto plug high-permeabilityzones andcause fluiddiversion. During the
past 2 years, microbialretention experimentshave been conductedwith surfactantand gas-producingmicrobes to
determine the effects of microbialadsorptionand clogging in porous media. These experimentshave been used to
defineparametersandvalues for the numericalMEORsimulator.

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 predictmicrobialWanslx_,
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 recoveryarealso beingdeveloped.

Milestone 2--A coreflood experimentis in progressusing a microbial species of Leuconostoc. This species
producespolymer whenfermentingsugarand shouldnot producegas in the coreplug. By comparingNMR images
obtainedduringthis corefloodwith previouslyacquiredimages in corefloods using gas-producingmicrobes, it may
be possible to determine and quantify gas distribution in the pores. The results of this experiment will not be
available untilnext month.

Milestone 3--A coreflood wasconductedwith a polymer-producingmicroorganismto comparethe resultsof
oil recoveryefficiency andpressuredropacrossthe core duringwaterfloodingwithresultsobtainedpreviouslyusing
NIPER 6 Clostridium---a producerof gas, acids, and surfactant. Results with the polymer-producershowed no
significant pressure drop increase across the core compared to NIPER 6. The experiment will be repeated with
another polymer-producingmicroorganismusing a longershut-intime.

Milestone 4---The chapteron microbialEOR processes for the NIPERf'maJreporthas been writtenand is in
review.

A paper, entitled "Basics of Microbial EOR Processes," has been prepared for presentation at the New
Technology for IndependentProducersseminarto be heldin Denver,CO, May 6-7.

Milestone 5--Evaluation ofthe retention test data continued this month. Problems encountered with the
glass beadpackhave beenresolved,and it cannow be used fora retentiontest usingNIPER6 microbialspecies.

Mannower and Financial Status

Manpowerand financialexpendituresareon schedule.

Status of Pro icft Milestones

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

Accomnlishments

The objectives of this projectare (1) to determinethe applicabilityof advancedEOR technologies, based on
mixed surfactantsystems, to improve oil recovery from Class 1 and other DOE-targetedreservoirs;(2) to adapt
surfactantEOR technology to differentsalinity and temperatureranges by developing surfactantsystems thatare
tolerant to changes in chemical composition in selected reservoirs;and (3) to develop cost-effective systems for
selected applications using low concentrationsurfactantswith alkalineadditives or other sacrificial agents. The
studies will focus on problemareaswhich adversely affect performanceandeconomicsof chemicalEOR and thus
achievea balancebetweencost and oil recoveryeffectiveness.

Milestone 2----Salinityscans are beingconducted on selected combinationsof the anionic surfactantTRS 10-
410/IBA andnonionic surfactantsin the Genapoland lgepal series, with differentalkanehydrocarbens(n-octane,n-
decane,and n-dodecane)andatdifferenttemperatures.Similarscansarebeing conductedwith thenonionicsurfactants
alone (at differentHLB values) using thedifferent alkanes. Theseexperiments arebeing performedto quantifyand
correlatethe oil andwatersolubilizationparametersof these surfactantsystemsand to comparethe values of opl_nal
salinityobtainedusing this methodwith the results fromearlierPIT studies overa rangeof temperaturesfromroom
temperatureup to 60° C. Phasebehaviorobservationsover the conditionsconsideredwill be madeover a periodof 1
week pertemperature.This will give the oil-bfine-surfactantmixturestime to equilibrate.

Milestone 3--The minipermeameterwas used to determinepermeabilityvariations in an oil-wet core from
North BurbankUnit, Osage County, Oklahoma. Average airpermeabilityof this core was approximately50 mD.
The core appearedto be relativelyuniformbefore cleaning. However,after cleaning,a narrow,clarkbandextended
throughthe core. Averagepermeability in the areaof the darkbandranged from 10 to 14 mD. Regions of higher
permeability (50 to 65 mD) could be foundon either side of the band. Thin sections will be preparedm determine
mineralogicaldifferences that mightaccount for the color changeduringcleaning. This core is being preparedfor
evaluationof the effect of iododecane (anoil additive to increasethe CT-density of the oil phase duringchemical
corefloodexperiments)on oil saturationdistributioncalculationsusingoil-wet core.

Milestone 4--The primary objective of this milestone is to determine the adsorption behavior of mixed
surfactantsystems. The system currentlybeing tested consists of a 1:1 mixture of Stepan's B-100 (anionic
surfactant)and Igepal DM-530 (nonionic surfactant)at a total surfactantconcentrationof 2%. The adsorbentis
Davison Grade62 silica gel, with a specific surfacearea of 330 m2/g. Preparationof calibrationcurves for the
analytic technique using these mixed surfactantsis near completion. Preliminarybottle adsorption tests of the
unmixed surfactantsindicate thatthe nonionic surfactantwill adsorbto the extent of 500-600 milligramssuffactant
pergramof solid, while the anionic adsorptionis in the rangeof 0.8 to 1.0 gramsurfactantper gramof solid. Static
tests areunderway to determinethe adsorptioncharacteristicsof these surfactantmixtures.

Milestone5--Two CT-monitoredcoreflcods were designed to determinethe effect of changingsurfactantslug
injection size (at constantpolymer concentration)on oil-bank formation and propagation. Surfactantslug sizes of
0.4 and 0.2 PV of a 0.4% total-concentrationmixed surfactantsystem were used. Problemsoccurredwith polymer
injectionduringthe testusing the 0.4 PV system in thattheconcenlrationof polymer was only 500 ppm ratherthan
the designed concentrationof 3,500 ppm. As a result, this testwill have to be repeated.

Milestone6--Work on the surfactantdatabase is continuing. A subset of 175referenceshas been selectedfor
criticalreview. Detailed informationon 30 of thesereferr.nceshas been enteredinto thedatabase.

Milestone 7--The lh'Stdraft of the chemical flooding researchchapter for the NIPER final reporthas been
completedandsubmittedforeditm'ialreview.

Mannower and Financial Statlls

Manpowerand fmancialexpendituresarehigher thanplannedbecause of efforts of senior staff personnel in
completingthefirst draftof the 10-yearfinalreport.

._tatu._ of Project Mile,,itones

Projectmilestonesareon schedule.
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BE4B. DEVELOPMENT OF IMPROVED ALKALINE FLOODING METHODS

Accomnlishments

The objectives of this project are to develop improved alkali-surfactantflooding systems and to provide
suPtx_ for an SGP field project. The specific objectives for FY93 are to improve the stabilityof alkali-surfactant
flooding systems by designing combinations of chemicals that will curtail the loss of surfactantfrom chemical
interactions.Most of the tests arebeing performedwith crudeoil from the Tuckersand(a Cherokee groupsand)of
Hepler (KS)oil field, the site of a alkalineJsurfactant/polymerfieldproject.

Milestone 2--The BPO approved a change in the objective of this milestone because it was found that
characterizationof dispersions typical of surfactant-enhancedalkaline systems was more complicated and time
intensive thananticipated. The revised objective inc_porates the useof CT scanningfor the accuratedetermination
of oil saturations in field cores partially swept with surfactant-enhancedalkaline chemical formulations. This
research is necessarybecause heterogeneitiesin midcontinentfield cores make it difficult to predict accuratelythe
final oil saturationsthatresult afterapplicationof chemical floodingmethods.

A core from Hepler (KS) oil field, which was previously characterizedby minipermeametermeasurements,
was selected for furtherstudy. This core was selected because it had a more uniformpermeability distribution
(between 100 to 225 mD)than manycores fromHeplerfield, andthushadbetterpotentialforgood sweep efficiency
duringchemicalflooding.

The interfacialtension (IFD between oil and injectedfluidswas measuredusing a surfactantconcentrationof
0.1% Chevron CF-100 surfactant,which is a lower surfactantconcentrationthanwas usedfor priorchemical floods
with Hepleroil andcore. Surfactantconcentrationwas reducedin an effort to improveeconomicsand reducefront-
end costs duringthe fieldpilot test. MinimumIFT was about90 p.N/m, and was fairly insensitive to the NaHCO3
concenwation.

Injection and propagationof a slug of brine (0.3 PV) containing Nai tracerwas monitored with the CT
scanner. The results indicatedconsiderabledispersion,butgross channelingof injectedfluidwss notobserved. After
displacementof the Water-containingslug, the core was oil flooded to residualwatersaturationandagain monitored
by CT. Brine was displaced by the oil without observing any gross channeling. The next step will be to
waterflood,followed by chemicalflooding.

Milestone 3--Completed.

Milestone 4--Final report preparation was continued with a written section on the accomplishments of
surfactant-enhancedalkaline floodingresearch duringthis year,which will be a partof Chapter4 of the NIPERfinal
report.

Mannower and Financial Status

Manpowerand financialexpendituresareon schedule.

Status of Project _ilestones

Milestone 3 was completed in Marchwith presentationof projectresults at the Tenth TORPconference in
Wichita, KS, and at the FDD sandstonereservoirworkshopin Norman,OK. The other projectmilestones areon
schedule.
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BE4C. MOBILITY CONTROL AND SWEEP IMPROVEMENT IN CHEMICAL FLOODING

Aecomnlishments

The objectives of this project are to develop improved methods for maintainingeffective mobility control
throughoutthe reservoir in chemical flooding and to _e NIPER'spermeabilitymodificationsimulatorto design a
cost-effective gel treatmentusing polymer gel systems. Specific objectives in FY93 are (1) to determinetheeffect
of lamination angle on polymer retention in unf'uedBerea cores, (2) to compare simulation results using the
permeability modification simulator with field performance, and (3) to convert the permeability modification
simulatorfor use with an BM-PC/80386 or compatiblemicrocomputer.

_ff_destone2--Brine permeabilitymeasurementsanda corefloodwee conductedon an unfiredrectangularBerea
sandstonecore to determinethe permeability and level of polymer retention. The core haddimensions of 23.88 x
3.81 x 3.81 cm andwas cut at 30° from the directionof laminations. The porosity was 19%and brinepermeability
was 160 roD. The brinewas made with 2% KCI. A 3.5 PV (232 mL) slug of a 1,000-ppmbiopolymer solution in
2%KCIwas then injected andfollowed by 9.93 PV (657 mL) of 2%KCI. The injection rateused was 3.8 mL/la"or
1.08 ft/d (apparentshearrate = 10 aec-1). Results showed that the maximumamountof polymer retentionduring
polymer flow was 1,143 kt/acre/m, comparedto 1,200 kg/acre/min an unfired Bereasandstonecore that was cut
along the direction of laminations. This amount was 40% higher than thatin a similarbut f'_d Berea core (816
kt/acre/m). The post-brineflood showed thatirreversiblepolymer retention was 370 kt/acre/m, which was lower
thanthatin an unfuedBerea sandstonecore (402 kt/acre/m) also cut alongthe directionof laminations.

Milestone 3--.Anulysis of the field datafrom a pilot field thathadbeen treatedwith getled polymer showed
thatmore informationon the top zone would be requiredin order to determine the permeability distribution. This
additionalinformationwas requestedbom an independentoil producer.

Milestone 5--The first draftof the mini-summaryand analysis of researchresults on polymer flooding and
permeability modification obtained during the past 9 years, along with recommendationsfor future researchon
polymer floodingand permeabilitymodific_on, hasbeen completedandis in review.

_lannower and Financial Statu_

Manpowerand financialexpendituresareon schedule.

Status of Project Milestones

Projectmilestonesareon schedule.
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BESA. GAS FLOOD PERFORMANCE PREDICTION IMPROVEMENT

_eeomnlishments

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 (1) the effectS of CO2
partitioningin oil andwaterphases and(2) the significanceof CO2dissolutionon water-oil interfacialtension(IFI)
andrelativepermeability.

Milestone 3--Before completing ]FT measurementsof CO2systems, the solubilities of CO2 in the aqueous
and oil phases have to be determined. To this end, a predictiontechniquefor CO2 solubility in waterand brineis
beingdeveloped.

Milestone 4--Calibration of the equipment for measuringIFr is in progress. The surface tension of pure
waterat 10° to 40° C and the IFTof n-pentanewith waterat 25° C have been measuredsuccessfullyand matchdata
reportedin the litetaUne. However, thepresentrepeatabilityof some measurementsis unacceptable,and additional
testswill be requiredto assuretheIFI' measuringmethodcan providereliableandreproducibledata.

Milestone5--The revised draftof the chapteron gas floodingresearchhas beenpreparedand is inreview.

Mannower and Financial Status

Manpowerutilization is on schedule,butfinancialexpendituresarehighby 16% due to concentratedeffortsin
developing theIFr _ andpredictiontechniques.

Status of Project Milestones

Milestones 1 and2 have been completed. The othermilestonesareon _hedule.
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]_ESB. MOBILITY CONTROL, PROFILE MODIFICATION, AND SWEEP IMPROVEMENT
IN GAS FLOODING

Accomnlishments
_

The objective of this project is to develop methods for improvingsweep efficiency in gas flooding. Proposed
methods for profilemodificationinclude theuse of polymers, in situ formationof polymergels, andby precipitation
of saltsand chemicals.

Milestone 3--Ccxeflood tests with salt precipitateandethanol arecontinuingin orderto determinethe effects
of longer intervals of shut-in time on increasedcrystal growthand improvedpermeabilityreduction. Shut-in times
of severalweeks durationappearto graduallydecreasethepermeability.

Other corefloods were conducted with cores at in'educibleoil saturation. The cores were then treatedwith
saturatedbrineand 10% PV ethanol and shutin for 5 days. A waterfloodfollowing the brine/ethanoltreatmentdid
notproduceany additionaloil. These corefloodswill be continuedusinga largerquantityof ethanol.

Milestone4---A draftfinalreportfor gasfloodingresearchhasbeenIxeparedand.isin_wiew.

Milestone 5---Testing continuedon otherpolymer systems havingpotentialas profilemodificationagents foz
CO2 flooding. Preiiminarytests were made with Curdlan. This biopolymer is soluble only in basic solutions.
Solutions of CurAlanthickened and increasedin viscosity by decreasingthe solution pH. For example,solutions of
0.5% polymer i,t 1.0 and 0.1 _ NaOH had viscosities of 2 and 9 cP, respectively. A gel was formed at a pH of
about9. CO2 v'as contactedwith the polymer solution to decrease the solution pH, and the gaseous CO2reduced
the solution pH sufficientlyto form a stablegel. About 5 pore volumesof gaseous CO2were requiredto form a gel
with a 0.1 N ]_aOH solution. Properties of this polymer may be useful for profde modification of high-
permeabilityzc,nesin the formation. These propertiesinclude a low solution viscosity duringinjection, and a gel
formationwhelt the solution is contactedby the CO2 flood. However, the desirablepropertyof low viscosity during
injection would initiallyrequirea highly basic polymersolution.

Mannower and Financial Status

Financial expenditures are on schedule. Manpower is temporarily below planned projections due to
commitmentsto otherDOE projects.

Status of Project Milestones

Projectmilestonesareon schedule.
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BE9. THREE-PHASE RELATIVE PERMEABILITY RESEARCH

Aeeomnlishments

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-fluid_es on two-and throe-phaserelativepenneabilities;and (3) to expandthe stateof the
artformeasuringrelative penneabilitiesat highertemperaturesandlxessures.

Milestone 3--Capillary ixessure testswill be performednext month.

Milestone 4---A fluid system consistingof methane,_, andbromopropaneis in design. Permeameter
designsareunderevaluation.

Milestone 5---I.aboratoryflow tests have beendesigned, andexperimentsareexpectedto startduringthe next
repozngperiod.

Milestone 6---The Gateway2000 Model 486DX2/66V computersystemwas received at thebeginning of the
month. This computer is equipped with 32 MBytes of memory,a 340 MByte hard drive, and a very fast video
adapterwith a 38.1-cm color monitor. The harddrive and video adapteroperateoff a VESA local bus system and
providevery fast response. The computeris also equipped with a CD-ROM drive and a tape-cartridgedrive for
backup. The computerwas provided with the DOS 5.0 and Windows 3.1 operating systems. The computer has
since been equi_ with a beta versionof the OS/2 2.1 operatingsystem from IBM. While there area few bugs in
this operatingsystem, it appem_ to be very versatile, being able to mn DOS and Windows 3.1 programstogether
with OS/2 programs with true multi-tasking. Ali of the software currentlyavailable on DOS or Windows 3.1
appears to run with no pioblems. Two versions of the Microway FORTRANcompilers--.-onefor DOS extenders
and one for OS/2 2.x--have been installed on the computer. These have been used to compile a version of the
BOAST simulator for both systems. Some time was required to modify the source code to obtain a working
simulator.

The compiled BOAST simuiator has been tried on several one- and two-dimensional (1-D and 2-D)
simulations. On 2-D datasets involving approximately3,000 gridblocks, the simulatortakesabout 30 minutes to
perform 600 trials before reaching terminating conditions. For a 1-D data set involving 40 grid blocks, the
simulatortakes 33 seconds to do approximately1,(300trials before reachingendpoint. During this 33 second mn,
the simulatoroutput36 data files showing the 1-D oil, water,and gas sattwationsand how the flood fronttraversed
the length of the model during the simulation. Now thatthe simulatoris workingproperly,it will be used to study
1-D and2-D models based on permeability,porosity,capillarypressure,andsaturationdistributionsrepresentativeof
realrocksystems understudy in the laboratory.

Milestone7--A firstdraftof the BE9 finalreportchapterhas beencompleted.

Mannower and Financial Status-

Manpower and financial expenditures are above target levels and reflect the effort in meeting the early
completiondates formilestones 3 through6.

Status of Project Milestonfs

Milestone 3 is on schedule. Milestone 4 is behind schedule and has proven to be more difficult than
anticipated. The other milestonesareon schedule.
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BE11A. THERMAL PROCESSES FOR LIGHT OIL RECOVERY

Aceomnlishments
_

The FY93 objectives of this project are (1) to perform an environmental,safety,andhealth(ES&H)analysis
on project tasks;(2) to assess the thermalresearchperformedat NIPER;(3) to develop procedureandapparatusfor
measuring dynamic saturationchanges in steamfloods at field conditions using X-ray and CT scanning and
incorptnte temperautrcand pressuremeasurementsto calibratea numericalsimulatorforpredictivepurposes;(4) to
conduct laboratoryresearch in support of NPR No. 3, TeapotDome (WY) field light oil steamflood; and (5) to
participatein theAnnexIV meetingsconductedby the DOEand the VenezuelanMinistryof Energyand Mines.

Milestone 2---In completionof this milestone, a topical report,entitled "Evaluationof NIPER Thermal EOR
Research, State of the Art, and Research Needs," (NIPER 675) has been delivered to the BIO. This report
summarizes NIPER's thermal recovery research over the past 10 years, analyzes contributionsof the research,
describes the transferof the technology to potentialusers, definescmrent trendsin thermalresearchand thermaloil
production,and identifiesareaswhereNIPERcancontributeto futureadvances in thermaloil production.

Milestone 4--A safety review of the proposednew steamfiood laboratoryhas been undertakenand a draftof
the report is being reviewed. Submissionof the proposalto NIPER managementin May is anticipated.

Milestone 5--A draft of the results of the previous 10 yearsresearch at NIPERby the thermal group was
preparedas a chapterfor inclusion in NIPER'sfinal report. The chapteris in review.

Milestone 7--A topical reporton the softwarefor laboratorycontrol,datacollection, automation,and analysis
is being revised and will be submittedfor review in May. This software,designed as NIPER LAB WARDEN, was
developedas a general laboratoryoperating softwarethatcaneasily be customizedto meet individuallaboratoryor
pilot plantapplications. The topical reportcontainsa guide to the softwareoperation,a copy of the software, anda
section to assist those wishing to customize their applications.

At the request of the BIO, three small business innovative research (SBIR) proposals on oil production
technologieswerereviewed duringApril.

Mannower and Financial Status

Manpowerand f'mancialexpendi_n'esarehighby 38 and 46%, respectively,due to work requiredin preparing
the 10-year reportsfor milestones 2 and 5. Only the DOE contractorsreview (July 18-22, 1993) and the topical
reportfor milestone 7 remaintobe completed.

Status of Project Milestones

Milestones2 and6 havebeen completed. Aliothermilestonesareon schedule.
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BEI1B. THERMAL PROCESSES FOR HEAVY OIL RECOVERY

AeeomnliRhmeugl

The 1_/'93 objectives are (1) to analyzethe NIPER heavyoil database to screenTexas Gulf Coast reservoirs
for priorityrankingand (2) to conduct modeling and reservoir studies tOdeterminethe applicability of thermal
enhancedoil recoverytevhniqnesin TexasGulf Coastheavyoil reservoirs.

Milestone 3---The topical reportfor the 10-year assessment of thermal EOR research (NIPER-675) was
deliveredto BPO andcompletesworkscheduledfor this milestone.

Milestone 4---The assessment of Mobirs steamfloodpredictionmodel is in progress.

Milestone 5---Numerical simulation of a steamflood in the Taylor-Ina (TX) field is in progress. The
feasibility of improvingsteamflond performancewith CO2 as an additiveis being investigated. A literatmesurvey
of a steamflood using CO2was undertakento collectthe requisite datafor simulation. The ComputerModeling
Group'sphase behaviormodel (CMGPROP)will be used in modeling the COTsteam phasebehavior.

Milestone 6--A chapter on thermalEOR research activities for inclusion in NIPER's10-year report was
submittedto NIPER managementforreview on April 15, 1993.

At the requestof BIND,projectstaff reviewed seven Small BusinessInnovativeResearchproposals.

Mauuower and Financial Status

Manpowerutilization is on schedule,but financialexpendituresarehighby 11%andreflect staff involvement
in preparingthe lO-yearresearchreport.

Status of Project Milestonf¢T

Milestone 3 was completed. The other projectmilestones areon schedule,
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BE12. IMAGING TECHNIQUES APPLIED TO THE STUDY OF FLUIDS IN POROUS
MEDIA

Accomnlishments

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
(NMRD;(2) to investigate the applicabilityof imagingtechnologies in thedevelopmentof scale-upIm3ceduresfrom
core plug to whole core to interwell scale; (3) to develop an industry consortium or industrialadvisory panel
organized to help plan, review,and participatein theresearchthroughtheWork-For-Othersprogramand to provide
for effective technologywansfer;and(4) to stronglyencouragecollaborativeresearchby industrialparticipants,

Milestone 3--Becan_ of the possibility of conductingjoint imaging researchwith a major oil company, a
requestto extend the completiondateof this milestoneuntilJuly I has beensubmittedto the BPO for approval.

Milestone 4---The drainagecycle for relative permeabilitymeasurementsin a heterogeneousTallantsample
has been nearly completed. Permeabilityandsaturationdistn'butionsfor fractionaloil flow ratesof 0.02, 0.05, 0.1,
0.2, 0.4, 0.7, 0.9 have been measured for the 26 cP oil viscosity, and analysis of the data is in progress.
Preliminary analysis indicates a possible correlation between the porosity of various rock laminations and the
saturationdistributionsat the various fractionalflow conditions.

Milestone 5--Two sizes of small-boreglass capillarytubing havebeen acquiredfor NMR/studies of systems
having mixed wettabilities. The smaller-boretubing, 530-microns OD and 140-micronsID, will be cleaned with
acid to achieve water-wet conditions. The larger-bore tubing, 630-microns OD and 210-microns ID, will be
converted to an oil-wet condition by healing for severalhours (at elevated temperatures)while in contact with oil.
By blending the two types of tubing into a bundle using Teflon shrink tubing, NMRI phantoms will be made
containing both water- and oil-wet surfaces. These phantoms will be used to investigate the feasibility of using
NMR microscopy to identify the wettability of specific locations in systems of mixed wettability. In the NMR
images, the natureof the surfaceswill be identifiedby the size of the capillarytubing.

Milestone 6--A firstdraftof therock.fluidimagingresearchchapter(containingresultsand accomplishments
of projectBE12 andearlierprojectsBE12A and BE12B)hasbeen _ for the NIPERfinalreport.

Milestone 7--A paper,entitled "ImagingTechnology Applied to Rock andFluid Imagingin Cores,"will be
presentedas a l_urtof the seriesof talksto be givenat the New Technology for IndependentProducersWorkshop,to
be held in Denver, CO, May 6-7, 1993. Contacts have continued with three major oil companies regarding
coopenfiveresearch.

Mannower and Financial Status

Manpower andfmanc_ expendituresarehigherthanplanneddue toeffortsrequiredin meetingthecompletion
dates formilestones 3 and4.

Status of Project Milestones

A requestto extend thecompletiondate for milestone3 to July 1, 1993, hasbeen approvedby the BPO. The
other projectmilestonesareon schedule.

29

|
n
w



BFR2
FINANCIALFFATUSOFTHEPR_ FORAPRIL Fkudd Sgntm

l,m Csp_ Eq_mm:TQmlAptmqz_tim: 0 300,000 300,000.. /.____ _,.__ r.._r..._ _...__.

a_nebne= _0_00 ZW,000
e"

Tatd ]bpmdBm_ to Dsts:

Nd Avs_ib: S3_3 180,000 r

C_pedtop.mt Sxpmm_d Cmn_ o
120,000 "'

Amud l_n Pro_ m_n2 6o,0oo _/

Devdopmmt_Analytiml MaOtod_ /
fm"AnalysisotHmvyCrudes 0 /

Oct Nov Dec Jm Feb Mtr Apt" Msy Jmt Jul Au8 Sep
Planed 39 7S 10S 140 175 210 240 270 290 _0 300 300
Acmd 39 64 lW 168 233 292 294
Vmrlsnce 0 11 4 .28 .S8 42 -S4 270 290 390 300 300

MANPOWERSTA'ITMOFTHEPROJECtFORAPRIL _ 8tetus

.Mm.bmn_uradthbManth_ 0

TarsiMsn.hom.susedto Date: 4,470 3,600

2,7OO

- /
X - WorkCmnpbled

C =PtsnnedComp/edanDste 0
Ca RevbedCaup/etlmI)tle Oc_ Nov De: Jim Ftb M_ Air Mty Jun Jul Au8 Sep

C'-Cmnide_Ahesd dScbedule Planned 600 1100 17S0 2300 2900 3400 YJ00 4100 4300 4400 _00 4.q00
A_mm] 614 928 lS42 2491 3546 4470 4470

KeyM]lakmeSIMm V_ -14 172 208 -191 .646 -1070 .570 4100 434)0 4400 4.q00 4500

1SubmitStstusReportm ProjectEnth'_ment_ Ssbty, mindHmlth
Ammmm XXX ][XC

2 Pm_ anpea" _ Nn_L rmn nq_.t summ'tdn8 Aca_nd,-
meutsdProJaSBFR2(Drsftcanpl_byJuly30) XXX XXX XXX C

3 _ _Y_ mmerch m Ctts]ytk Crzddn8_0 DesrmF Reddsud
XXX XXX XXXXXX XXX XXX C_; _ TqpdadReportoa tlmResesrchResults

30

|
J



FUELS RESEARCH

BFR2. DEVELOPMENT OF ANALYTICAL METHODOLOGY FOR ANALYSIS OF HEAVY CRUDES

Aeeompl[qhmenl_

MilesWne 2--Work on the IO-yearsummaryreporthas been initiated.

Milestone 3--Cat cracking of Lagomedio>650 ° F resid, and chronuLtogr_hicfiactions thereof, has been
completed. Solid and liquid products from those mns are currentlybeing analyzed. Aqalysis of Brass River
productsalso h3s been completed;thosedataarebeing enteredinto the computerforcalculationof materialbalances
for thoseruns.

Mantmwm"and l_inanelal _tahm

Exper_ental workhas essentiallyceaseddue to the exhaustionof availablefunds.

Status of Proieet Milestones

Milestone 2 is on schedule;milestone 3 is aheadof schedule.
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BFR3. THERMOCHEMISTRY AND THERMOPHYSICAL PROPERTIES OF ORGANIC NITROGEN-
AND DIHETEROATOM-CONTAINING COMPOUNDS

Accomnii_hmen_

Last month,heatcapacityandent_lLlpystudieson8-methylquinolinewerehaltedforcryostatrepairs.Repairs
werecompletedandthecryostatandcalorimeterwerecalibrated.Preparationsfor reloading8-methylquinolineinto
thecalot_eterwerebegun.

A journal article, entitled "TheThermodynamicPropertiesof Thianthrene and Phenoxathiin,"was accepted
for publicationin the Journal of Chemical Thermodynamics.

Writingof the chapterfor theNIPER final reporton the accomplishmentsin this researchwas completedthis
month.

Preparation of a journal article on the thermodynamic properties of 2-methylaniline and trans-
decahydroquinolinecontinued. Data analyses arenow complete. Ulxlating of ali of the relevanttablescontinues.
The article will be submittedto theJournal of Chemical Thermodynamics duringthe coming quarter.

Enthalpy of combustion studies on 2-methyl- and 8-methylquinolines continued. These compounds are
included in a seriesof measurementsscheduledforcompletionin this quarter.

Mammwer and Financial Status

Manpowerandf'mancialexpendituresareon schedule.

Statu.qof Proiect Milectones

The status report to complete the FY92 milestones is in weparation. FY93 project milestones are on
schedule.
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SUPPLEMENTAL GOVERNMENT PROGRAM

SGP13. MICROBIAL-ENHANCED WATERFLOODING FIELD PROJECT

Aceomnllshments

The objectives of this project are to determine the feasibility of improving oil recovery in an ongoing
waterfioodusingmicroorganismsandto expand the initialpilotanddeterminethe economics of microbialenhanced
waterflooding.

The site for the expandedMEOR pilot is located in Section 8, Township 24 North,Range 17 E, of Rogers
County. This site is part of the Chelsea-Alluwe field in the Bartlesville formation and was initially developed
shortlyafter Delaware-Childers field. The site is currentlyunderwaterfloodand is ownedby Phoenix Oil andGas
Ltd. This field is in a very isolatedarea,with virtuallyno otheroil-producingleases nearby. Although this field has
much in common with the MinkUnit, there aresome s_gnificantdifferences. The Phoenix field is nota freshwater
flood; the wateris recycled and injectedand has an averagetotaldissolved solids valueof 3%. The permeabilityof
the formationis about 20 mD.

Milestone 1--Fluorescein wafer (100 bbl at a concentrationof 126 ppm) was injectedJune 6, 1990, and the
microorganismswere injected 14 days lateron June 20. Wellhead injection pressures,volumes, and oil production
continue to be monitored. Productiondata throughFebruary1993, indicatedan improvementin oil productionof
17.4%.

A presentationdetailing the results of this field test was preparedfor the New Technology for Independent
Producersseminarto be held in Denver, CO, May 6-7, 1993.

m_

Man nower and Financial Status
a

Manpowerand financialexpendituresareon schedule.

Status of Project Milestones
=

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

Aceomnlishments

The objectives of this researchprojectare (1) to determinetheknownheavyoil resourcesof theUnitedSlates,
(2) to evaluatethe various economicconstraintsthatmay impactdevelopmentof this resource,and (3) to determine
ff steamor otherEOR processesareapplicableto economicproductionof this resource.

Milestone 1--The computermodeling was completed in Marchand the results were delivered to the BPO
TechnicalProjectOfficer. Due to otherDOE priorityprojects,a statusreportcontainingresultswill be delayeduntil
June,and a m,'Jnorequestingan extendedcompletiondatehas beensubmittedto BPOo

Milestone 2--The analysis and utxlateof reservoirdata for Texas heavy oil reservoirs was completed this
month, and the informationis being reviewed for inconsistenciesand errors. After the informationis reviewed, it
will be incorporatedinto the U.S. heavy oil database lte. Oil productiondata in the heavy oil data base were
updatedfor several states. Inconsistencies with data from various sources (TORIS public data base, Oil & Gas
JournalEOR report, state publications) and parameterranges were entered into a separate data base for future
clarification.

Mannower and Financial Status

Manpowerand financialexpendituresareon schedule.

Statu_ 6f Project Milestones

As notedabove, milestone 1 is runningbehindschedule and an extendedcompletion date is being requested.
Report NIPER-560, "Feasibility of Heavy Oil Recovery in the Midcontinent Region (Kansas, Missouri,
Oklahoma)"is ready for final typing. ReportNIPER-606, "Estimatesof Futurel_gional Heavy Oil Productionat
Three ProductionRates--Background Informationfor Assessing Effects on the U.S. Refining Industry,"has been
deliveredto theBIO.

A reportupdatingthe trendsin heavyoil productionand refining in Californiawas presentedat the American
Chemical Society Symposium on EnhancedOil Recovery, Denver, CO, Mar.28-Apr. 2. The reporteddata will be
published in the symposium _gs.
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SGP41. SURFACTANT-ENHANCED ALKALINE FLOODING FIELD PROJECT

Aceomnlishments

The objectives of this pilot project are (1) to obtain informationand data that will help demonstratethe
applicabilityof surfactant-enhancedalkaline flooding as acost-effective EOR method,(2) to transferthe surfactant-
enhancedalkaline flooding technology thathas been developedunderthe sponsorshipof the DOE to the petroleum
industry,and (3) to obtain informationregarding proceduresfor designing and applying this technology that will
assist independentproducers in sustaining production from mature producing oil fields rather than abandoning
marginalwells.

The site selected for the surfactant-enhancedalkalineflooding pilot test is Hepler oil field, which is locatedin
Crawford andBouflxm Countiesof the State of Kansas. This near-termapplicationof a promisingEOR technology
in a fluvial-dominateddeltaic type reservoir is consistent with the strategyoutlined in DOE'soil research program
implementationplan.

Milestone 2--The primaryneed before implementingthe projectin the field is a betterestimate of the final
oil saturation in the area swept by chemical flooding. Final oil saturationhas been difficult to estimate from
coreflooding experiments due to channeling of fluids throughhigh-permeabilitystreaksin the field cores. In an
attempt to better estimate oil saturationin the zone swept by chemicals, corefloods are being performed while
monitoring flow palXernsvia CT scanning. These experimentsare being performed under project BE4B, which is
supportingthis pilot project.

Milestone 3---One remaining task in the final design of the chemical flooding system is to ensure that the
sodium bicarbonateoriginating in western Colorado or Wyoming (North AmericanChemical Co.) is compatible
with the other EORchemicals. The samplewas received this month fromNorthAmerican.

Mannower and Financial Status

Manpowerand financialexpendituresarebehindschedule due to delays that haveresulted fromunfavorable
laboratory testingof cores takenfrom the areaof the fieldoriginallyselected for the pilotsite.

Status of Proiect Milestones

Because of unfavorablelaboratorycore test results, project milestones arerunningbehind schedule. During
the monthof May,a revised set of milestones will be submittedto the BPO forapproval.
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S GP49. PROCESS-ENGINEERING PROPERTY MEASUREMENTS ON HEAVY
PETROLEUM COMPONENTS

Aceomnli.qhment.q

Heat capacity and enthalpy studies by adiabatic calorimetry on 1,2-dihydmnaphthalene were continuedthis
month. Repficate determinationsof the enthalpyof fusion were completedand solid-statestudies were begun. Two
phase Iransifionswere located in the solidphase. Determinationof transitionenthalpieshas begun.

A topical report, entitled "The Thermodynamic Properties to 700 K of Naphthalene and
2,7-Dimethylnaphthalene,"NIPER-678, has been submittedto the BPO. The report fulfills the requirementsof
FY92 milestone 5. A journal article describing this work was submitted to the Yournal of Chemical
Thermodynamics. Workon a topicalreporton phenanthreneandits hydrogenationproductscontinues(milestone1).

A commercialzone-refming apparatuswas received andassembled. Testing and determinationof operating
parametershas begun. A sampleof 1,2,3,4-tetrahydrofluoranthene,synthesizedat OklahomaStateUniversity, will
be zonerefined once the_tus is operational.

The topic,alfelt, ft _ which thethermodynamicsof hydrogenshuttlingarecomparedforpyrene,phenanthrene,
and anthracene,is nea,'completion. Thisreportwas not partof the originalmilestones for this project,but will be
completed due to t_e important insights it provides 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.dihydronaphthaleneand 1,10-trimethylenephenanthrenecontinued.
These compoundsare includedin a seriesof measurementsscheduledforcompletionin this quarter.

The status reportsforresearchcompletedin FY92 (FY92 milestones7 and8) arenearcompletion.

ManpowerandFina_ial Status

Manpowerand f'mancialexpendituresarecn schedule.

Status of Proiect Milestones

Details of projectmilestonesaregiven above.
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SGP$0. DEVELOPMENT AND APPLICATION OF PETROLEUM PRODUCTION
TECHNOLOGIES

Milestones 2 and 3---Nineteenoffers to studentswere m_le, andall have scccpted. A letterwas sent to these
students informing them of the semismrsand meetings planned for this summer which will include one safety
train_"lg session andeight seminars. The topics of these seminarsincludegeology, wimary andseconda_ recoveries,
EOR, biotechnology,andenvironmentalissues associatedwithpetroleumproduction. George Himsaki,a professor
from Rice University, will give a seminar on wettability. The teacher-intmls fromNIPER and Phillips are also
planningto attendthese seminars.

]Ulannower and Financial .gtatus

Financial expenditmcs are on schedule, but manpoweris slightly below projectiondue to extended period
(approximatelyI month)in finalizing internrecruiunent.

Status of Proiect Milestones

The workplannedformilestone 2 has beencompleted. The other woject milestonesareon schedule.
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SGPS6. UPGRADE BPO CRUDE OIL ANALYSIS DATA BASE

Aeeomnikhmen_

The objectives of this project are (1) to develop and maintaina high-integrity,on-line, crude oil analysis
(COA)database thatis availableto the public;(2) to upgradeandupdatecrudeoil analyses for inclusionin this data
base;and(3) to participatein theUNITARanalysisroundrobin.

Milestone I---A preliminaryreport,"ThirdRoundRobm on Heavy Crudesand Bi_unen S_fist_al Analysis
on CerroNegro CrudeAnalyticalDaB" was dh_ibur_d by the United NationsInstitutefor TrainingandResearch
Centrefor Heavy Crudes andTarSands to pmjegtpartic_ants for review. A final datefor the conference has not
beenestablished.

Milestone 2---Compu_r coding for the on-fine data base is pmgressmg. A commercml bulletin board
software (BBS) will control the communicationbetween the user and the on-fine computer,andcommer_d dam
managementsoftwarewill controlthe fde storageandre_ieval functions. A writtencomputercode wi_ conm31the
userhlterface, develop quer_s, and _ res_ to _e user. Th_ momh, theuser m_rfaee was tested using dhect
screenwn_s with the BBS. Addifion_ workwas done on keyword queriesby the user.

Milestone 3--Crude oil sampleswill be an_yzed formice me_elsand for hydrocarbontype. No analytical
workwas performedthis monthdue to otherprioritywork and requiredrepairsto the ICP spectrophotometer.Hard
copyfiles of crudeoil analyseswere moved. Analyses thatarenot in thedatabase arebeing identified.

Mannower and ginanehd _tatu.q

Additional funding has been allocated to this projecL A revised milestone schedule and budget wifi be
submiaedforapprovalnext month.

Status of Proieet Milestones

Projectmilestonesareon schedule.

45
_mm

I

i _ ]p I II " i I I i 1 i



SGPS8
FINANCIAL8TA_ OF 'lm PROJECTL_OR_ _ Smms

212,000 ,,/

TahdApim_rlstJm: 350,000 /
Less_ 0

/

hpmm_ hr the Moaih: 9,769 /

TrodExpmtdltmstol_ttm: 77,'724 /
NetAvdlsble: 272,376 /

/
/

I_I&Nw

/2/
Slsnkt_ AnalysisotSlmm-FcmmProem .._

Oct Nov Dec Jan Feb Mar Apt Msy Jan Jul Au8 Sep

PJanned 36 40 S7 74 92 109 126 143 160 177 194 212

Actual 36 40 47 56 63 68 78

Vm'bnce 0 0 10 18 29 41 4 143 160 177 194 212

MANPOWERSTATUSOFTHEPROJECTFORAPRIL Msnpo_r Ststus
ZTS2 /,

ToUd_ _10 ._ /
Mm-bom5usedthisMmth: 121

r"
Te_dMm.barn5usedto Dite: 1,052 2,280 _
Net Avsikl_ $,3B

_ J -

1'336 _ "

X =Wm'k_

c. m,,,,._c,,,_,,, D,,_ _ .Ij _''_
C'=RevisedCompletionhre Oct Nov Dec Jam Feb Mar Apt Msy Jm Jul AuC Sip
C"m _ Ahead cir _ Plaaaml 494 $_5 77S 995 1,734 1434 1654 1873 2093 _1_3 2.532 2752

Actual 49S _ 642 762 860 931 105'2

KeyMgestoneStatus Vm'lance -4 .7 133 233 354 503 602 1873 2093 2313 2S32 2752

1 CmtpletmReviewof Dctahun PrevJmmStmmfloodProjects XXX XXC
2Coml_eBmkHrmmTMstcb XXX XXX XXX XXX _ XXX XXX ____C
3 FUm,HmFuU.PaUa_S/mubaSouStudy(FY_ CompJmouDate)

4 rad nepa.tat nemu'chl_zdJnp(]_'Y__ _te)



SGP$8. SIMULATION ANALYSIS OF STEAM.FOAM PROJECTS

Accomnllshments

The objectives of this researchproject are (1) to study the viabilityof the steam-foamprocess by analyzing
datafrom selected complet_l steam-foamprojectsand(2) to assess conditions underwhich the process is likely to
succeed,bothtechnicallyandeconomically.

Milestone 2--The history match of Chevron's Section 26-C Steam-FoamPilot is continuing. As pointed
out in the March1993 MonthlyRelxxt, it is difficult to matchboththe temperatureandpressuresimultaneouslydue
to theassumptionthatfoam prolxtga_ at the same rateas suffactant. In realreservoirs,a foam frontlags behindthe
surfactantfront. This month, attemptswere made to match both temperatureand pressureby retardingthe foam
pml_gation rate. The advancementof the foam frontcan be slowed (1) by increasedsurfactantadsorption,(2) by
increasedresidualgas saturation,or (3) by both increasedsurfactantadsorptionand residualgas .u_tfi. "on. Only.by
increasingthe surfactantadsoq_on andresidual gas saturationwas it possible to improvethe stmulator'smatching
ability. Additionalsimulationrunsareplannedwith furtheradjuslmentof surfactantads_ption rate and residualgas
saturationvalues to improvethe predictability.

Mannower and Financial Statu.,;

Manpowerand financial expendituresarebelow plannedestimatesdue to senior staffcommiunentsto other
I)oEpriorityprojects.

Status of Proiect Milestones

Project milestonesare (xi schedule.
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SGP61. DOE EDUCATION INITIATIVE PROJECT

Accomnlishments

Theobjective of the DOE EducationInitiativeProjectis to enrichthescience programsof public schools in
thenortheastentpartof Oklahomaby developingpartnershipsbetween theschools, communities,businesses,and
other interestedgroups.

Milestone 2--In coordinating _ DOE Regional Science Bowl for Oklahoma,responses to the evaluation
forms were tabulated and sent to the Science Bowl Committee, and Science Bowl Officials. Judy Kokesh
accompanied the Edmond Memorial High School team and coach to the National Science Bowl competition in
Washington,D.C., Apr. 16-19. She also sewed as point of contactat the National Science Bowl for the Oklahoma
team.

Milestone 3--Ms. Kokesh met with DuaneWilson of Conoco, Inc., to discuss ,.heOil andGas Exploration
curriculumand to seek supportfor the "Trainthe Trainers"workshopin Tulsa. A follow-up letterwas sent to Mr.
Wilson.

A brochureexplaining the Oil andGas ExplorationModuleworkshopin OklahomaCity, summer1993, was
developedandmailedto:

Ali high school principalsin the state
OklahomaScience Teachers'Associationmembers
Science coordinatorsandearthscience teachersinOklahomaCounty

Mike Bernard,presidentof the MidcontinentOil andGas Association,was providedinformationpertainingto
the Oil and Gas Exploration curriculum. He was very interestedand suggested that a presentation be made at the
next meeting of the organization. Likewise, Mickey Thompson, executive vice-president of the Oklahoma
IndependentPetroleumAssociation, was contactedand was also quite interestedin the curriculum. A presentation
was madeto their Board of Directors in Norman,April30. The OIPAis interested in suplx_ng educationprojects
but currentlydoes not have the necessary 501c3 status. However, this is in process of being worked out, and the
organizationmaybe in position to providefundingfor the teacherkits at futureworkshops. NIPERhas been invited
to makea presentationat the OIPAAnnual Convention,in mid-June.

For the Teacher InternshipProgram,applicationinformationfor the joint Phillips-NIPERteacher internship
projectwas mailed to 60 teachersin Bartlesvilleandsurroundingdistricts. Teacher applicationswill be reviewed by
supervisingresem'chersin early May.

Mannower and Financial Status

Financial expenditures are low, w_le manpoweris higher than originally scheduled. This is due to the
inability to planaccurately for the type of activitiesinvolved.

Status of Project Milestones

Milestones2 and 3 areon schedule.
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SGP63. FIELD APPLICATION OF FOAMS FOR OIL PRODUCTION SYMPOSIUM

AccomDlishment_

The DOE and NIPER cosponsored a day and a half symposium on the field applicationof foams for oil
productionat the Red Lion Inn, Bakersfield,CA, Feb. 11-12, 1993. Seventy-twoindividuals fromseven countries
were in attendanceand activelyparticipatedin the discussions andpanelpresentationson the currentstatusof foam
technology. The agenda included 13 technical papers and 8 poster sessions. Responses from the participants
indicated that the symposium was an overwhelming success, and many wanted to see additionalprocess-_ific
meetings of this type.

Milestoner 3---The symposium Proceedings have been submittedto the reviewers for comment, and it is
anticipated the report(NIPER-669)will be ready forsubmittalto the BPO early next month. The Proceedingswill
be distributedto the attendeesand thepublicfollowing publicationas a DOE/FEreport.

A status report (NIPER-681) on the futureof foams andproblemsessociated with the applicationof foams
hasbeen preparedat the requestof BIO. The reportis in review.

Mannower and I_inaneiai Status

Manpowerusage is above projectionsdue to the extratime involved in preparinga summaryon the benefits
of the foam symposium. Financialexpendituresare low because some invoices associated with the symposiumare
still outstanding.

Status of Project Milestones

Milestone 3 is on schedule. Following the symposium, more than20 requestswere received forcopies of the
Preprints;however, ali available copies hadpreviously beendistributed. A listing of these unfulfilledrequestswill
beprovidedto the BIO for distributionas Proceedingswhen they areprintedas a DOFJFEreport.
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SGP64. TECHNOLOGY TRANSFER TO INDEPENDENT PRODUCERS

Accomnlishments

The objective of this project is to transfer information,througha series of seminars,on oil and gas related
subjectswhich havebeen identifiedby inst operawrsas havingfile highestpriority.

Milestone 3---A firstdraft of the final reportanalyzingthe technology transferactivities in ridsprojecthas
been completed. In addition to the analysis, the reportalso includescomments by independentproducers, survey
results,andrecommendationsfor fuv.u_projects.

Mannower and Financial Statps

Manpowerusageis on schedule,andf'mancialexpendituresareapproachingplannedestimates.

£tatu_ of Project Mile_tone_

Milestone 3 is on schedule.
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$GP69. COMPILATION AND ANALYSIS OF OUTCROP DATA FROM THE MUDDY AND ALMOND
FORMATIONS

Ac_mnl_hments

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 n_; and (3) put data in a transferable format for use by
interestedparties.

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

Mannower and i_in,gnelal Rtatu.¢

Financial expenditures and manpower have bee_arescheduled with pennission of the BPO.

Status of Project MilL_tQnes

Milestones have been extended to accommodate manpower and financial rescheduling.
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SGP72. IMPLEMENTATION OF OIL AND GAS TECHNOLOGY TRANSFER INITIATIVE

Accomniishmentl

The objectivesof this projectare to achieve effective _on of technologyIramferefforts amongDOE
and the diverse _ganizationsthat are part of the petroleumindustryand to provide feedback to DOE regarding
technologyneeds of thepetroleumindustry.

Milestone 1--An organizationalmeeting was held Jan. 18, 1993 in Austin, TX, to discuss formationof an
industry committee to facilitatetransferof oil and gas technology to the domestic petroleumindustry. Invitees to
the meeting included 26 representatives from various sectors of the petroleum industry, societies, and trade
associations and five observers from DOE and national laboratories. Presentations were made by IPAA
representativesregardingaplxo_hes for implementinga technologyIransferpmgrmn. RepresentativesfromTIPRO,
TOP,P, the Illinois Geological Survey, and the New Mexico Petroleum Recovery Research Center made brief
presentations aboutongoing technology transferprograms. A majorityof those attendingselected the name of the
coordinatingcommitteetobe thePetroleumTechnologyTransferCouncil (P'ITC). Thiscompleted milestone I.

Milestone 2.---A working group meeting of the PTI'C was held in Dallas on Feb. 8-9, 1993, to work on
preparationof a reporton design and implementationof a comprehensivenationaltechnology transferprogramfor
submission to DOE. Debra Rowell, Vice-Presidentof Economics with the IPAA, is servingas the coordinatorfor
preparationof the report. "rb_meeting focused on discussions of the elements of the technology transferprogram
and the structureof the report to DOE. A draftof thereport has been preparedand is currentlybeing reviewed and
revised by members of thecommittee. The committeeexpects to submitadraftof the reportto DOE nearthe end of
the month.

Mannower and Financial Status-

No direct labor is being charged on this project. Only direct costs associated with the project are being
charged. There is no manpower allocated to the project; and, because of the uncertainty in the timing of
expenditures, it is not possible to predictthe schedule for financialexpenditures. The financialcharts reflect only
actualexpenditaresandnotany budgetprojections.

Status of Pro leer _l|iestnnes

Milestone 1 has beencompleted. Milestone2 is on schedule.
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SGP73. HORIZONTAL WELL PRODUCTION FROM FRACTURED RESERVOIRS

Aeeomnllshmeuts

The objective of this projectis to determineeffects of naturalfractureson horizontalwell productionusing
numericalsimttlationto provideguidelines,screeningcriteria,or analyticalpredictionsof horizontalwell production.

Milestone 1--The collection of fracturedensityanddistributionpatternsfromreservoirsandout_ropshasbeen
completed.

Milestone 2--The shape factor in the transferfunction was calculated by solving the three-dimensional
diffusivityequationof a rock matrixblock underunsteady-stateproduction. The diffusivityequationin thex, y, and
z coordinatewas solved in two cases by assumingdifferentboundaryconditionsof (1) constantfracturepressureand
(2) constantflow rate. This is the first time thatthe shape factorwas derivedunderthe conditionof unsteady-state
productionin contrastto the conditionof pseudosteadystateassumed by otherstudiesdenotedin the fiterature.

Shape factorvalues arehigh at theinitial depletionstage underunsteady-stateconditions. When the fracture
pressureis constant,the shape factorconvergesto _2/d2, 2_2/d 2, and3_2/d 2 forone-, two-, andthree-dimensional
rock matrix, respectively, at the dimensionless time (tD) of about0.5. The 'd'value in the shape factorformulais
the length of rock matrix. The periodof 0.5 for tD ranges fromless than 1 day forcommonly encounteredfractured
reservoirsto months for largeand tightlyfracturedrock.

When the flow rate from the rockmatrix to the fractureis constant,the fracturepressurevaries with location
on therock _. Based on the averagefracturepressure,the shapefactordecreaseswith productiontimeuntila tD
valueof 0.05 is reached. The shapefactorvalues increase with timewhen thetD value is greaterthan0.05, and the
shapefactor values at 0.05 are 10.2/d2, 20.4/d2, and30.6/d2, forone-, two-, andthree.dimensionalrockmatrixflow,
respectively. The shape factorscalculatedfrom the case of constantflow rate are less than those from the case of
constantfracturepressurewhen the tD value is less than0.1.

The shape factor values calculatedfromunsteadystate productionarehigher thanthose proposedby Kazemi
(SPEJ, Dec. 1976) and by Coats (SPE paper18427), but less thanthose by WarrenandRoots (SPEJ, Sept. 1963).

Manno_,er and Financial Status

Manpowerand financialexpendituresareon schedule.

Stains of Prolect Milestones

Milestone 2 has beencompleted. The other milestones areon schedule.
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