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1.0 OIL SHAI_
t

1.2 Oil Shale Process Studies

1.2.2 Process Studies _'Y 1991 Mod.)

Obiectives. The objective of this task is to investigate the use of a shale oil-
derived, recycle oil to mediate the transfer of hydrogen to eastern oil shale. This
task is composed of three subtasks: (1) the evaluation of a distillate from eastern
shale oil as a recycle oil to mediate hydrogen transfer, (2) the determination of the
catalytic hydrogenation conditions necessary to regenerate the recycle oil, and (3)
the evaluation of the chemical and physical properties of the liquid products from
the process to determine their appropriateness as feedstocks for the production of
transportation fuels. The objective for this quarter was to become familiar with the
operation of the hydrogenation equipment that was assembled last quarter.

Accomplishments. A series of hydrogenation experiments were conducted using
a solution of model compounds.

Procedures. The hydrogenation equipment was operated at 600 and 625 °F (316
and 329°C), 1900 psig, and hydrogen flow rates of 6000, 3000, and 2000 scf/bbl. The
liquid-hourly-space velocity was one, and the cata_ _st was Shell 424, which is
nickel/molybdenum supported on alu:n,ina. The feed to the reactor system was a
solution of model compounds consisting of toluene, naphthalene, phenol, pyridine,
thiophene, 1-octene, 1,3-pentadiene, and cylohexene. The current series of
experiments are being conducted at 600, 575, and 550°F (316, 302, and 288°C),
1700 psig, and a hydrogen flow rate rjf 2000 scffobl. The feed to the reactor is the
solution of model compounds.

Results. Plugging of the reactor due to coke buildup on the catalyst bed
occurred at a hydrogen flow rate of 2000 scf/bbl and a temperature of 600" F
(316 °C). However, this may not be the result of the operating conditions established
for the catalyst bed, but rather the mode of operation and the temperature of the
gas-liquid separator. Increasing the temperature of the gas-liquid separator and not
operating the system continuously (ali night long) has resulted in no plugging
problems. Preliminary evaluation of one of the products (600°F/316°C, 1900 psig,
and 6000 scf/bbl) indicates that almost total conversion of the model compounds to
saturate compounds occurred at the conditions used. In addition, very little gas was
produced, indicating that hydrogenation rather than cracking of the compounds is
the predominant reaction. The major gases produced are butane and hydrogen
sulfide, probably resulting from thiophene.

1.2.4 Product Utilization Studies (FY 1992)

Objectives. The objective of this research is to determine unique applications of
oil shale-derived products that have high market values. The research is
concentrated toward development of highly specialized products for roadway



pavement applications. The two areas being investigated are pavement joint and
• crack fillers and interactions of asphalt, including shale oil modified asphalt, with

aggregate. The objective for the quarter was to complete testing and measurements
on the sample materials.

Accomplishments. Extension testing according to ASTM Method D 3407 was
completed in triplicate on ali samples. Viscoelastic property measurements and
bonding energy measurements were compl-ted on ali samples.

Procedures. Extension test samples were prepared in accordance with the
procedure in ASTM D 3407. Briefly, one-half inch of the asphaltic material is
poured between two concrete blocks that are each 1Mx 2Mx 3". After cooling, the
edges are neatly trimmed and the specimen is placed into the extension testing
machine and cooled to 0°F (-17.8°C) for two hours. The specimen is then pulled at a
rate of 1/8" per hour until the specimen fails or a total extension of 1/2" is obtained.
Three extension cycles comprise a complete test.

Viscoelastic property measurements are obtained by loading a 2 mm thickness
of the softened asphaltic material between two parallel plates of a Rheometrics
Mechanical Spectrometer, conditioning the sample for 20 minutes at the appropriate
temperature, and then performing a dynamic frequency sweep over a range of 0.1 to
100 rad/sec. Data on samples at 140"F (60°C) are obtained on 25 mm plates at a
strain of 50%, at 77°F (25 °C) on 25 mm plates at a strain of 3%, and at 50°F (10°C)
on 8 mm plates at a strain of 1%.

Viscoelastic property measurements on briquettes prepared with an asrJhaltic
material sandwiched between two concrete wafers are obtained on a Brabender

Rheotron using constant applied torque. The transmitted torque is recorded or_
strip chart recorder. The sample is twisted until a constant slope is obtained on the
strip chart recorder and then held fixed at that point until the curve decays to zero
or a straight line. Relaxation time and the percent recovery are calculated from the
curve.

Bonding energy measurements were obtained by first grinding and sieving the
four aggregates (crushed concrete, two silicates, and a limestone) to a -35 to +48
Tyler mesh size. Two to three grams of the sized aggregate is placed into a small
wire screen basket. Ten grams of the asphaltic material is placed into the
microcalorimeter reaction cell and the wire screen basket containing the aggregate
is placed directly above the asphaltic material. The assembly is conditio:_ed in the
microcalorimeter for 24 hours before contacting the aggregate and the asphalt.
After contacting, a thermopile assembly detects the energy released as the asphalt
bonds to the aggregate. The signal from the thermopile is amplified and recorded.
Using a calibration curve, the area under the curve is expressed in terms of
millicalories per gram of aggregate for a given time, typically two hours. All
bonding energies were measured at 320 °F (160 °C).

Results. Results of the experiments are being formulated in the two milestone
reports that are in preparation.



1.4 Miscellaneous Basic Concepts Studies and Technical Support

" 1.4.2 Unconventional Applications and Markets for Western Oil Shale (Fy
1989)

Objective. The objective for the quarter was to complete the report on shale oil
upgrading.

Accomplishments• The report, entitled "Upgrading of Western Shale Oil by
Pyrolysis and Hydrotreating," was completed and submitted. This task is
completed.



2.0 TAR SAN])

2.2 Process ]Development

2.2.1 Recycle Oil Pyrolysis and Extraction (ROPE TM) Process (FY 1991)

Objectives. The first objective of this task is to design and initiate fabrication of
a modified6-inchbench-scaleuniti,hatincludesa twin-screwconveyorand a new
feedsystem.Thissystemwillpermitlongrunsrequiredtoevaluatetheapplication
oftheROPE TM processtotarsands.The secondobjectiveistodevelopa processfor
the treatmentof petroleumproductionwastes commonly termed tank bottom
wastes.Thesewastesarea combinationofoil,water,and solidswitha waterand
solidscontenttoohighforrefineryacceptanceofthe oil.The objectiveforthe
quarterwas topreparemilestone.reports2.2.1B,resultsoftwo long-termtestsofthe
modified6-inchROPE units,and 2.2.1C,resultsoftestsontankbottoms.

Accomplishments.Evaluationofdatafromthetestshas been completedand
preparationofthereportscontinued.The work on tank bottomshas resultedin
fundingfrom a privatesource,the stateofWyoming, and theJSR program for
furtherdevelopmentoftheprocess.



3.O COAL RESEARCH

3.1 Underground Coal Gasification

3.1.2 Rocky Mountain 1 Environmental Evaluation _'T 1992)

Objective. The objective for the quarter was to prepare the milestone report on
the June 1992, limited suite sampling.

Accomplishments. The milestone report, "Sampling and Analyses Report for
June 1992 Semiannual Postburn Sampling at the RM1 UCG Site, Hanna,
Wyoming," was prepared and submitted. This task is completed.

3.2 Coal Combustion

3.2.2Combustion ofLow-Rank Coalsand IndustrialWastes (FY"1991)

Objective. The objective for the quarter was to complete the report on
preliminarytestsand combustor design(milestone3.2.2C).

Results.Evaluationofthe study findingsindicatelittleoftechnicalsignificance
to report.A requesthas been submitted toeliminatemilestone3.2.2C.

3.2.3 Gasification and Cogeneration (FY 1992)

Objectives. The objective of this research is to select and develop a combustor
design and hot-gas cleanup system suitable for use with low-sulfur coal. The
objectives for the quarter were to evaluate the experimental data and begin

preparation of the milestone report.

Accomplishments. Experimental work, data reduction, and data analysis have

been completed. The milestone report is being prepared.

Procedures. The WRI 6-inch fluidized bed reactor was used as an air-blown

gasifier.Bed depthsused were inthe 8-to 13-inchrange.

Resu.!ts.Findingsareconsistentwith thosereportedearlierthatwere based on
the preliminary analysisof the data: that western sub-bituminous coalscan be

partiallygasifiedattemperatures low enough thatsome ofthe contaminants,such
as alkalicompounds deleteriousto downstream components in 2GPFBC systems,

are not volatilized,remaining in the char. As a result,the hot-gasstream cleanup
requirementsfortheoverallsystem are reduced.

3.3 Integrated Coal Processing Concepts

3.3.4Coal Coprocessing(FY 1992)

Objectives. The objectives of this research are to define more closely
coprocessing conditions that improve the liquidyield through more efficient
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dispersionofiron-basedcatalystsand tocharacterizethe acidsiteson supported
catalystsand theirimpact on the formationofcoke. The objectivesforthe quarter
were to complete the preparation of the experimental plan, to begin the

experimental seriesinvolvingpretreatment priorto coal/heavyoilcoprocessing,to
continue the assembly and evaluationofvarious catalystsfortestingusing solid-

statenuclearmagnetic resonance(NMR) spectroscopicanalysis,and to continuethe
analysisoftheproductsobtainedfrom commercialorganizationsregardinghydrogen
utilization.

Accomplishments. Preparation ofthe experimental plan was completed and
submitted for review. Aseries of experiments were initiated to evaluate

pretreatment conditionson the coprocessingyieldof liquidsfrom Illinois#6 and
Eagle Butte (Powder River Basin, Wyoming) coal with Lloydminster crude oil
residue. The Lloydminster crude oilwas distilledto produce a 400°F+ (204°C+)
residue. Four spent catalystswere received from the University of Wyoming,
Chemical Engine,_ringDepartment. Regarding the trackingofhydrogen during coal

coprocessingand liquefaction,severalsamples from UOP and Consol were analyzed
and the data were beingevaluated.

Procedures. The pretreatment and coprocessing experiments are being

conducted in tubing bombs. The pzetreatment conditionsincludetemperatures of
437,527, and 617°F (225,275,and 325°C) and coldpressuresof400 and 800 psig.

The experiments are conducted inan atmosphere of helium or hydrogen, and the
run time is 30 minutes. The coprocessing experiment isconducted at 752 °F
(400°C),800 psigcoldhydrogen,and has a run time ofone hour. The catalystisoil

soluble,ironpentacarbonyl. To evaluate the effectofthe various pretreatment
conditions,coal conversion willbe measured by determining the percentage of
tetrahydrofuran solubles,and hydrogen consumption willbe determined by gas
chromatography.

The spent catalystsamples are being analyzed by carbon-13,solid-stateNMR.
Itisplanned that the aromaticitiesobtained forthese samples willbe correlated
with liquefactionyield.

3.3.5 Agglomerating and Stabilizing Dried Coal (1_ 1992)

0bjectives. The objective of this task is to develop and test concepts for
stabilizing dried Wyodak coal from the Powder River Basin. Objectives for this

quarter were to complete tests and begin preparation of the milestone report.

Accomplishments. Other researchactivitiesprecludedwork being conductedon
thistask duringthisquarter.

3.3.6 High-Heating-Rate Process Studies (_" 1992)

Objectives.The objectiveofthisresearchtask istodetermine oilyieldsfrom

therapidpyrolysisofcoalinan entrainedflowreactor.The objectiveforthe quarter
was to perform high-heating-rate studies in hydrogen-nitrogen and nitrogen
atmospheres.



Accomplishments. Modifications were made to the system and a total of
fourteen experiments were performed.

Procedures. In modification to the system, the pressure shell is now being filled
with argon and the gas chromatograph has been reconfigured to detect argon. This
modification allows the operators to quantify leakage from the pressure shell to the
reactor. A fine filter has been added to the exit gas stream downstream from the

char separator and liquid knockout traps. Anhydrous CaSO 4 is now being added to
liquid products to extract water. This appears to provide for better water
measurement than was previously attainable.

Results. Tests of up to two hours duration are now routine forwestern
subbituminous coal.Experiments with easternagglomerating coalsare difficult

and,becauseofintermittentplugging,provideno usefuldata.

3.4 Solid Waste Management

3.4.1Use ofSolidWaste forChemical Stabilization(FY 1991 and FY 1992)

Obiectives.The objectiveofthisresearchistodetermine a use forflyash,such
as thatproduced as waste during operationsat the Dave Johnston Steam Electric

Project,that would be economically and environmentally reasonable. Dave
Johnston flyash has been shown to have some affinityfor selected organic
compounds that have createdproblems in the environment. The objectivesforthe
quarter were tocontinue evaluationofthe data and towork on preparationofthe
experimentalplan,3.4.LA.

Accomplishments. Evaluationofthe mass spectrometricdata iscontinuingand
the experimentalplan isnearlycompleted.

3.4.2 Use of Solid Waste for Physical Stabilization (FY 1991 and FY 1992)

Objectives.The objectivesofthisresearchare: (i)todevelopan understanding
of the key properties of fly ash that are responsible for cementation and
stabilization,(2)to study sodium and calcium wastes generated from clean coal

technologyinan effortto develop waste disposaltechnologiesthatresultin stable
land fills,(3)toprovidedetailedinformationon potentiallytoxiccompounds from
cemented flyash and to evaluat._,the use of flyash to enhancP stabilizationof
hazardous materialsplaned in landfillsites,and (4)todevelopmethods to separate

organicselenium speciesthatmay be found incoalflyash materials.The objectives
forthisquarterwere to complete researchexperiments and tocomplete the report

on coalflyash and soilstabilizationmechanisms (FY 91 milestone3.4.2C).

Accomplishments. Experiments describedin the revisedexperimental plan
have been completed. The FY 91 milestonereport3.4.2Chas been writtenand isin
finaltyping. Findingsofthe literaturesurvey forFY 91 milestone3.4.2Awere not



significantand a requesthasbeensubmittedtoeliminatethismilestone.A request
has alsobeensubmittedtoincorporatetheresultsoftheexperimentalresearchin
thereportonthecontinuingwork inthenew cooperativeagreement.

Procedures.Compressivestrengthcharacteristicsforsamplesfromthesoil
stabilization_th,,flyash conditioning,and the physicalstabilizationofwaste
materialsr_searchweredoneusingcompressiontestersequippedtohandleloadsup
toI0,0_0psi.



4.0 ADVANCED EXPLORATORY PROCESS TECHNOLOGY

4.1 Advanced Process Concep_

4.1.7 In Situ Model of Pyrolysis (FY 1990)

Objectives. The objectives of this research effort are to predict solute transport
and develop new control concepts that incorporate some of the more recent
geochemical data obtained from research projects. The objective for the quarter was
to make modifications to the 3-dimensional reservoir simulator.

Accomplishments.The horizontalwellalgorithmhas been installedinthe3-
dimensionalreservoirsimulator.Ithas been mechanisticallycheckedforproper
performance.

Procedures. Implementation of the horizontal well algorithm allows the user to
orient the well in either the x- or y-direction and to "complete" the well in a single
block or through several blocks. The single well completion may be useful for the
simulation ,_fslant injection or production wells.

4.1.8 APT Method Development (FY 1990)

Objectives. The objective of this task is to develop a technique for
characterization of heavy distillates and residues. The objective for this quarter was
to complete the fabrication of tlne eystem.

Accomplishments.A nu_er ofequipmentand electronicproblemsoverthe
courseofthisprojecthave cau,3edunexpectedfailuresingettingthe instrument
operational.Allocatedfunds have nearlybeen depleted.A requesthas been
submittedtoterminatethistask.

4.1.9 In Situ Process Modeling (Fi r 1991)

_ectives. The objectives of this research task are to conduct laboratory
simulations and develop a numerical model for the simulation of the steamflood
process in fractured reser'_oirs. The objectives for this quarter were to complete
resaturation of the block samples to be used for laboratory simulation and conduct
tests using blocking agents.

Accomplishments. Resaturation of the block samples was completed and
simulation tests were initiated.

Procedures. The procedures are: (1) determine the appropriate blocking agent
to use for steamflooding the Shannon formation, (2) conduct two three-dimensional
physical simulations of the steamflood process with a blocking agent in samples
containing either a vertical or horizontal fracture, and (3) transfer the data and
results for numerical simulations.
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Results.The Shannon sandstoneblocksampleshave been saturated.Core
• floodsusingtheidentifiedblockingagentsarebeingconducted.The testshave not

validateatheprojectedperformanceasstatedby thesupplierofthecommercially
availableblockingagent.Discussionshavebeenheldwiththesuppliersand other
supplierstoidentifythenonperformanceproblemsand toidentifybetteragents.

4.2 Advanced Mitigation Concepts

4.2.1 Treatment of Oil and Gas Product Waters (FT 1991)

Objective.The objectiveforthequarterwas tocompletethemilestonereport.

Accomplishments. The reportwas completedand submitted.This taskis
completed.

4.2.3 CROW TM Development (FY 199,2)

Objectives. The objective of this research is to obtain baseline data that show
the effectiveness and environmentally safe use of chemicals to enhance the CROW
process. The objective for the quarter was to prepare milestone 4.2.3A, the
experimental plan.

Accomplishments. Preparation of the experimental plan was nearly completed.
Contaminated soil samples for the tests have been received from Midwest Gas and
the initial analysis of the material has been started.

Procedures.Findingsfrom a relatedstudy thatisfunded privatelywere
evaluatedinordertopreparea moremeaningfulexperimentalplanforthisstudy.

4.2.4 Environmental Treatment of Process Gases (FY 1992).

Objectives. The objective of this research is to optimize vortex combustor
design to obtain maximum thermal destruction efficiency at selected temperatures
and retention times. The objective for the quarter was to prepare the milestone
report on completed research.

Accomplishments. A draft of the milestone report was prepared and is
undergoing internal review.

4.3 Oil and Gas Technology

4.3.1 Enhanced Oil Recovery (FY 1992)

Objectives. The objective of this research task is to determine the enhancement
of oil recovery using steamflooding in conjunction with chemicals or gases and
horizontal wells. The objective for this quarter was to continue preparation of the
experimental plan, milestone 4.3.LA.

11



Accomplishments.A draftoftheexperimentalplanisbeingprepared.

4.3.2NaturalGas Cleanup(FY 1992)

Objectives.The objectiveofthiswork istoinvestigatea lesscomplexand more
costeffectivemethod forgas cleanup The method isbased on pressureswing
adsorption.The objectiveforthisquarterwas topreparethemilestonereportonthe
findingsofthe seriesofcompletedexperimentstoevaluatethepressureswing
adsorptionprocessand theregenerationoftheadsorbent.

Accomplishments.Preparationofthemilestonereportisongoing.

4.3.3ThermalReservoirSimulation_Y 1992)

Objectives.The objectiveofthisresearcheffortistoimprovethecapabilitiesof
WRI's thermalreservoirsimulationmodel.The objectivesforthequarterwere to
continuemodificationofthecompositionalmodeltothree-dimensionalcapabilities
and improveexecutionspeedofthemodel.

Accomplishments. Modificationswere made tothe model and alternative
solutiontechniqueswere tested.Three-dimension_laspectsofthethermalmodel
wereoperationaland undergoingtesting.

Procedures.Enhancements made tothe mc,_lelinclude:incorporationof
horizontalwellterms,additionoflinearsourceterms forthestudy offlowin
fractures,abilitytocompletesource/sinktermsinsingleormultiplecellblocksand
toorientthe terms ineitherthex-,y-,orz-direction,additionofa hysteresis
algorithmfortherelativepermeabilityterms,theabilitytoaccommodatevariable
gridspacing,thecapabilityofspecifyingeithercell-centeredorpoint-centered
differencingschemes forthe interblockflowterms,the incorporationofgravity-
heads and capillarypressurestotheinterblockflowterms and thesource/sink
terms,and theabilitytopartitionflowamong layersinsource/sinkterms when
constantrateconditionsarespecified.

Results.Initspresentstate,themodel iscapableofsimulating1-,2-,and 3-
dimensionalproblemswith thermaleffects.The multi-compositional,reaction
kineticsportionofthecodehas notbeenincorporatedatthistime.Running even
modestsize(7x7x7)problemshas demonstratedtheneedforan iterativesolverin
themodel.

12
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5.0 JOINTLY SPONSORED RESEARCH

5.1 Occidental Oil Shale_ Inc. Demonstration _gram Suvvort

This task was completed in previous quarters.

5.2 Investifatlon of ROPE Process Performed on Sunnyside Tar Sand

This task was completed in previous quarters.

5.3 Organic and Inorganic Hazardous Waste Stabilization

Objective. The objective for this quarter was to continue evaluation of clata
generated in simulated weathering experiments.

Accomplishments. Analysis and data reduction continued for samples obtained
from weathering experiments. Discussions were held with the EPRI representat;ive
regarding redirection of the remaining work, and a proposal for redirection of tbp
final work was submitted.

,_ _Optimization of Product Yields for the CHARFUEL Process

This task was completed in previous quarters.

5.5 Cold Flow Injector Mixer Project for the CHARFUEL Project

This task was completed in previous quarters.

5.6 CROW TM Field Demonstration with Bell Lumber and Pole

Objectives. The objective of this task is to design, construct, and operate a field
demonstration of the CROWTM process technology to treat a site contaminated with
organic wastes from the wood treatment process. The objective for the quarter was
to prepare a technical progress report on the project.

Accomplishments. The technical progress report was completed and submitted.

Results. The two-well pilot test was successful. A proposal for additional work
and funding was submitted and approved. The additional work is based on the
increased magnitude determined for the project.
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5.7 Development and Validation of a Standard Test Method for Sequential
Batch Extraction Fluid

Objectives. The objectives f_r this quarter were to (!) keep informed of the
progress of the last collaborative e;tudy participant still needing to submit data, (2)
receive the last of the collaborative study data and tabulate and evaluate the data,
(3) begin statistical evaluation of the collaborative study data, and (4) continue work
on moving the draft method throu$_ the ASTM balloting process.

_Accomplishments. The final set of collaborative study data were received,
reviewed, and tabulated. Statistical evaluation of the collaborative study data to
estimate the precision of the extrac,_ion procedure was started.

Procedures. Statistical evaluation of the collaborative study data is being
performed as specified by ASTM Practice D-2777, Standard Practice for
Determination of Precision and Bias of Applicable Methods of Committee D-lg on
Water. The collaborative data analysis includes (1) data tabulation, (2) evaluation
of the data for rejection of outlier laboratories, (3) statistical calculations of the
mean and standard deviation values, a.r,a (4) evaluation of the data for rejection of
individual outliers. Data from both the analysis of the extracts and analysis of the
analytical standards are being evalua_d in this manner to determine total standard
deviation and analytical standard deviation. Because the total standard deviation is
due to a combination of both errors in performing the extraction procedure and
analytical errors, the total standard deviation and the analytical standard deviation
can be used to estimate the standard deviation of the extraction procedure.
Statistical evaluations are also being performed to determine the effects of filter
pore-size and digestion versus nondigestion on the analytical conce,_trations
determined in the extracts.

After statistical evaluation of the data is completed, the ASTM research report
and final reports for the project sponsors will be completed. Precision statements to
be incorporated into the new method will be written and balloted within ASTM as a
modification to the method.

Results. Ali collaborative study results have been received and tabulated.
They are currently being statistically evaluated to estimate the precision of the
sequential batch extraction method for the test materials and elements of interest in
the collaborative study.

The draft method for sequential batch extraction of waste using acidic
extraction fluid was approved as an ASTM standard test method by the society on
August 15, 1992. The method will be available from ASTM in November 1992. It is
designated as ASTM Method D-5284-92.

5.8 PGI Demonstration Project

Objectives. The objectives for the quarter were to complete the alkalinity study
for the combustor, gas cleanup system, and turbine and to provide any additional
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information needed for the project environmental assessment.

Accv_plishments. Work was completed on the corrosion (alkalinity) study of
the PGI combustion system and the environmental assessment.

Procedures. As a preliminary step in the PGI Demonstration Project, a limited
on-site test program was conducted to characterize the products of combustion in an
atmospheric pressure wood-fired combustor. The objectives to the test program were
to obtain preliminary information regarding the nature of particulate and vapor-
phase alkali coml_oun_,_ produced and to assess any deleterious impact they might
have on materials of c_'_truction. The proposed work was limited in scope and the
d_.tageneratedwe_ _.,_sedc,n]'ya3a guideindesigningand inselectingequipment
and materialfora wood-firedgasturbinesystem.

Particulateand gas sampling were performedata major sawmillcomplex
wherean atmosphericpressure,McConnellcombustorwas operatedondrysaw dust
and planarshavings.An air-cooledprobe was alsoexposedtothe combu_tor
environmenttocollectdepositsar_plesattemperaturesexpectedinthegaspathof
theturbineofthePGI system.Pa_,icul_teand depositswereanalyzedformajorash
constituents,and theparticlesizedistributionwas determined.

Results.Erosionof_s pathcomponentsinthewood-firedPGI systemshould
notbe a concern,providedthatthefueldoesnotcontainlargequantitiesofbark
(overalllowash content).Ina systemfiredwithdrysaw dustand planershavings
theuncontrolleddustloadinginthegasesenteringthegasturbinemightbe inthe
200 to300 ppm (wt.)range.Conventionaland highefficiencycyclonescan reduce
the levelofparticulateenteringtheturbine.Based on the availablecapture
efficiencydata,theredoesnotappear tobe a major advantage inusing a high
efficiencydevice.Bothdevicesfallshortofthelevelofparticulateremovalrequired
tomeet EPA emissionlevels.Major ash constituentsare calciumand alkali.
Calcium appears to concentrate in large ash particles,whereas alkaliis
concentratedinsmallash particles.The fueldoesnotcontainenough sulfurto
convertallofthealkaliand calciumtosulfates,and thereforedepositswillcontain
alkalicompounds suchaschloridesand hydroxides.Depositsformedon the air-
cooledprobe were such thatthey couldbe easilyremoved. Thereforeinthe
temperature range expected in the PGI system, periodic washing and/or nut shelling
should be able to keep the turbine gas path free of major depositions.

{$.9 Mild Gasification of Usibelli Coal

This task was completed in previous quarters.

5.10 Real-Time In-Situ Remoter-Sensor Development

This task was completed in previous quarters.
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5.11 Enhanced Gravity Drainage in the North Tisdale Reservoir Using
Horizontal Wells

This task was completed in previous quarters.

5.12 Solid State NMR Analysis of Powder River Basin Shales

This task was completed in previous qua_ers.

5.13 Operation and Evaluation of the CO2 HUFF-N-PUFF Process

Obiectives.The objectivesofthistaskareto(i)conductinsituresidualoil
saturationdeterminations,(2)assistinthedesign,operation,and monitoringofwell
tests,(3)determinethecharacteristicsofcollectedfluidsamples,(4)assistinthe
developmentofphaseequilibriumrelationshipswithchemicaland thermodynamic
propertiesofselectedcrude oils,(5)assistinthe development ofa predictive
numericalprocessmodel,and (6)assistintheanalysis,reporting,and disse,iination
ofcollecteddata.

Accomplishments.Alitestinghasbeen completedand allfieldsampleshave
been collected.Analysisofcollectedfieldsamplesis95% completed.The basic
numericalmodel isoperationaland specialfunctionsthatincorporatehysteresis,
viscousfingering,and wettabilityand surfacetensionchanges were used in
evaluations.Analysisofsamplescollectedibrdevelopmentofphaseequilibrium
relationshipshavebeencompleted.

Procedures. Over 1,867 gas and 1,418 fluid samples have been taken from the
field tests of the CO2 Huff-n-Puff process. Routine gas analys:s has been performed
on approximately 1,675 of the gas samples. Oil-water separation has been
completed on approximately 1,418 of the fluid samples with further analysis on
approximately 275 of these samples.

Modifications to incorporate hysteresis, viscous fingering, and wettability and
surface tension changes into the numerical model have been made and the model is
operational.

The collectedsamplesrepresent21fieldsinfourofthemajorproducingbasins
ofWyoming. Seven ofthefieldsarepartoftheprogramssponsoredby thestateof
Wyoming; theremainingfieldsare beingsampled forfutureanalysisiffunding
permits.Theseadditionalfieldswillpermita more comprehensiveanalysisofthe

CO 2Huff-n-Puffprocess.

Results.Preliminarywellresponsesshow mixedresultsastothesuccessofthe

CO 2stimulations.The singlewelltracertestshavebeenshown tobeinvaluablein
determiningthepotentialofcandidatewellsfortheCO 2cyclicstimulation.
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• 5.14 Fly Ash i_inder for Unsurfaced Road Agg're_ates

Objectives. The objectives are to develop and demonstrate the use of Wyoming
fly ash in two construction techniques: (1) fly ash stabilization of soils as applied to
unpaved roads and (2) fly ash replacement of portland cement in conventional
cement treated bases (CTB). Conventional fly ash stabilization techniques use
cement and/or cement plus fly ash at levels of 20-25% to stabilize soils. The costs of
these techniques when applied to unpaved roads are in the neighborhood of $30,000
to $40,000/mile. The development and demonstration of novel construction methods
employing low fly ash dosage levels could result in 1._werconstruction costs, reduced
maintenance costs, and a potentially large new market for Wyoming fly ash.
Relative to the second fly ash application addressed in the project, fly ash use in
standard CTB has been generally 20% of the portland cement content for the
Wyoming Department of Transportation projects. Higher replacement percentages
would result in lower costs of the CTB mixes through the reduction of portland
cement costs and also provide an expanded market for Wyoming fly ashes. The
objective for the quarter was to continue laboratory testing of various soils, fly
ashes, and aggregates as related to both fly ash stabilization and CTB.

Accomplishments. Laboratory testing of soils, fly ash, and aggregate samples
continued under subcontract to the University of Wyoming Department of Civil
Engineering. Strength testing with selected soils and the Dave Johnston fly ash
have been completed. Testing for freeze/thaw and wet/dry cycle durability are on-
going. The testing for the CTB portion of the laboratory testing was completed.

Procedures.For the fly ash stabil'zationofunpaved roads portionofthe
laboratorytesting,testingwas conduc_;_ _.:singthreeadditionalsoilsrangingfrom
AASHTO soiltypesA-lbtoA-6 (RS-l,RS-,_,,-,S-5,and RS-7)withtwo additionalfly
ashes(Naughtonand LaramieRiver).

The CTB portionofthe laboratorytestingwas conductedusing a scoria
aggregatefromReno Junction,TypeIIportlandcementfromMountain Cement and
thethreeflyashes(Dave Johnston,Naughton,and Laramie River).The flyash
replacementoftheportlandcement rangedfrom20% to75%. Approximately8%
portlandcementorcementplusflyashwas usedintheCTB mixes.

Results.The strengthdevelopmentat7 and 28daysfortherangeofflyash/soil
mixturesrangingfrom5% to25% flyash werein'therangeof100 to150 psi.This
appearstobe onlymarginallyadequatefortheapplicationon unpaved roads.The
resultsofthedurabilitytestswillprovidethedataon whetheror notsufficient
strengthand durabilitycan be realizedattheselow dosagesunder theclimatic
conditionsoftheRockyMountainregion.

Relative to the CTB control mix (0% fly ash replacement), fly ash containing
CTB mix strengths increase as the fly ash replacement percentage of portland
cement increases to _.pproximately 40 to 55% fly ash replacement and then decrease
at higher fly ash replacement percentages. Strengths at 28 days were in excess of
the control CTB mix for fly ash replacements of 40% for Dave Johnston, 40% for
Naughton, and 65% for Laramie River. Wet/dry and freeze/thaw durability testing
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of the CTB mixes indicated that, even at the high replacement levels, the CTB mixes
. showedsufficientdurabilitycharacteristics.

The interimreportcoveringtheflyash treatmentofunpaved roads and in
particularthedemonstrationtestsectioninConverseCountythatwas submittedto
DOE, PacifiCorpand STEA forfinalreviewand approval,isbeingconvertedintoa
finaltechnicalreporton theGlenrockdemonstration.

5.15 Evaluation of Products Recovered from Scrap Tires for Use as Asphalt
Modifiers

Objective. The objective for the quarter was to complete the final report.

Accomplishments. The final report has been completed and submitted. This
task is completed.

5.16 Solid State NMR Analysis of Mesaverde Group_ Greater Green River
Basin, Tight Gas Sands

Obiectives. The objectives of this study are to apply solid-state 13C NMR to
measure changes in the organic structure of petroleum source rocks (kerogens)
brought about by laboratory hydrous pyrolysis experiments and by maturation in
the natural geologic environment as a result of depth of burial. These data, in
conjunction with other analyses and kinetic measurements, will be used by the
LTniversity of Wyoming Department of Geology and Geophysics to develop an
innovative exploration and production strategy that will optimize the efficient
exploitation of tight gas resources in the l_[esa Verde Group, Greater Green River
Basin,Wyoming. The objectiveforthequarterwas tocontinueNMR measurements
ofchangesintheorganicstructureofpetroleumsourcerocksbroughtabout by
laboratoryhydrouspyrolysisexperimentsand by maturationinthenaturalgeologic
environmentasa resultofdepthofburial.

Accomplishments. Solid-state13CNMR measurements continuedon coal
samplesfromtheLance and Almond coalgroupsthatweresubjectedtolaboratory
hydrouspyrolysisexperimentsinthetemperaturerangeof554-680°F (290-360°C).
MostoftheNMR work hasbeencompleted.

Procedures.Solid-stateNMR measurements were made on a Chemagnetics
CMX 100/200solidsNMR spectrometer.13Cand IH NMR spectrawere obtained
usingcrosspolarizationwithmagic-angle(CP/MAS) and combined rotationand
multiplepulsespectroscopy(CRAMPS). The Z3C measurements were made ata
frequencyof25 MHz, and theIH measurementswere made at200MHz.

Results.The aliphaticportionsoftheNMR spectraofthehydrouspyrolysis
were deconvolutedintothreebands inordertodiscriminatebetweenoil-and gas-
prone carbontypes.However, closureon the mass balancesfrom the hydrous

18



pyrolysisexperiments was not good. Therefore,quantificationofthe NMR results
willbe difficult.

5.17 Flow-Loop Testing of Double-Wall Pipe for Thermal Applications

Obiectives. The objectives of this research effort are to develop a numerical
model that will predict down-hole steam quality, steam pressure, a_d temperature,
to evaluate InterMountain Pipe Company's double-wall pipe for thermal application,
and provide future industrial clients with a fully instrumented flow loop. The
objectives for the quarter were to complete evaluation of the test data and prepare
the final report.

Accomplishments. Evaluation of the data was completed and preparation of the
final report was nearly completed.

5.18 Characterization of Petroleum Residua

Objectives. The objectivesof this effortare to develop methods for and
characterizepetroleum residua from industryparticipants.The objectiveforthe

quarter was to continue characterizationofresidua samples received from the
cosponsor.

Accomplishments. Methods were established and characterization was

completed on residuasamples providnd by the cosponsor. There willbe no more
activityon thistaskuntilthe cosponsorsends more residuasamples in 1993.

Procedures.Aliexperimentalwork with the receivedresidua,designatedA, B,
and C, was completed. Each residuum was deasphaltened in heptane, and the
heptane-soluble materials were separated into saturate, aromatic, and polar

fractionson activatedsilicagel.The asphalteneswere separatedintofourfractions
accordingtoapparent molecularsizeby preparativesizeexclusionchromatography
(SEC). The whole residua were evaluated forelemental composition,tracemetals

content,carbon resid_, sir_ulateddistillationprofile,specificgravity,pour point,
and rheologicalprofile.The asphaltenesand silicagelchromatographic fractions
were evaluatedforelementalcomposition,tracemetals content,molecular weight,

carbon residue,analyticalSEC profiles,and aromaticity by nuclear magnetic
resonance(NMR) spectroscopy.The preparativeSEC fractionsfrom the asphaltenes
were evaluatedforsulfurcontent,molecularweight,and tracemetals content.

The toluenesolutionsforthepreparativesizeexclusionfractionsfrom residuum
C asphaltenes formolecular weight determinations had to be made above 104 °F
(40°C) to maintain clearsolutions.This had no detrimental effecton the vapor-

phase osmometry measurements, which were made as usual at 140°F (60°C).

Results. Material balances showed that the data obtained on the fractions

account forthe data obtained on the originalmaterial. This indicatesthat the
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contributions of the properties of the fractions can be studied and related to
properties of the whole material.

5.19 Shallow Oil Production Using Horizontal Wells with Enhanced Oil

.Recovery Techniques

0biectives. The objectives of this task are to demonstrate that enhanced oil
recovery techniques can be successfully used with horizontal wells in shallow
reservoirs to increase oil production significantly, to validate a numerical model
with the use of physical simulations using an implemented enhanced oil recovery
process with horizontal wells, and to provide the technical expertise and supervision
for the implementation of a pilot test that will use the information generated in the
study. The objective for the quarter was to prepare the facilities at the Che_opa
Townsite oil field site for the field test.

Accomplishments. Problems were encountered in the well with the down-hole
ignitor that had been designed and built to initiate combustion in the reservoir.
Another ignitor had to be designed and fabricated to accommodate the well casing
placed in the field.

Procedures. Attempts to position the originally designed and fabricated down-
hole ignit.or in the ground were unsuccessful because the drilling contractor down-
sized the ignition well casing from specifications.

A new gas (propane-air) burner was fabricated for slim hole applications out of
stainless steel, Type 304. The burner size was reduced from a 4.75-inch to a 3.5-inch
diameter. Other design parameters that were changed included the installation of
six mixing vanes and the placement of a thermocouple well six inches in front of the
nozzle. The flame rod and ignition cable were potted with electrical insulating resin.
To ensure the safety of operating personnel, a 1-inch check valve was installed
upstream on the gas line.

Results. The new burner was inserted into a well simulator and ignition tests
were conducted at pressures from 30 to 100 psig with heating rates ranging from
100,000 to 700,000 Btu per hour. This burner was fired for periods of eight hours.
During these tests, air and propane were shut off for periods up to 8 minutes with
re-ignition being easily accomplished.

5.20 'rB" Series Pilot-Plant Tests

Obiectives. The objective of this study is to conduct and evaluate tests using
the K-FUEL series B pilot plant on selected western coals. The objectives for the
quarter were to complete the project report and conduct tests using a different coal
resource.

Accomplishments. The project report was completed, submitted, and approved.
Additional tests were conducted.
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Procedures. A series of tests was conducted at the K-Fuel@pilot plant to
• evaluate use of Caballo Rojo coal as feed for the process.

5.21 Surface Process Study for 0il Recovery. Using a Thermal Extraction
Process

Obiectives. The objective for the quarter was to initiate research on the DOE
portion of the task.

Accomplishments. Plans were iormulated to initiate work on the DOE portion
of the task.

5.22 NMR Analysis of Samples from the Ocean Drilling Program

Obiectives. The objective of this study is to apply solid-state 13CNMR to study
samples collected from leg 139 of the Joint Oceanographic Institute (JOI) project on
thermal maturation in areas of steep thermal gradient. The objective for the
quarter _as to begin making measurements on the samples.

Accomplishments. Solid-state 13C NMR measurements were made on 10
kerogen concentrates and two whole rock samples collected from Leg 139 of the JOI
cruise project by the Woods Hole Oceanographic Institution.

Procedures. Solid-state NMR measurements were made on a Chemagnetics
CMX 100/200 solids NMR spectrometer. 13Cspectra were obtained at 25 1VI_zusing
cross polarization with magic-angle (CP/MAS) spinning. A large-volume spinner
was used for analysis of whole rock samples.

Results. CP/MAS 1_CNMR spectra were acquired on samples received from the
Woods Hole Oceanographic Institution. However, because of the low levels of
organic matter in the sediments, kerogen concentrates had to be prepared. Even for
these samples, 12 to 18 hours of signal averaging was required to obtain suitable
spectra. However, these spectra were compromised by background signals from the
probe. As a result, the probe background will have to be subtracted in order to
determine the carbon aromaticities of the sedimentary material.

5.23 Menu Driven Access to the WDEQ Hydrolo/zic Data Management
System

Objectives. The objective of this study is to develop an enhancement to the
Wyoming Department of Environmental Quality Data Management System that
will provide menu-driven access. The objectives for this quarter were to complete
the development and prepare the user documentation.

Accomplishments. The development was completed and a draft of the
documentation was prepared and is in review.
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Procedures. Since the original data base was developed using ORACLE, it was
. used for the development of menus. The ORACLE utility, SQL* Mei_u, w_s used to

create the menus and the ORACLE utility, SQL* Forms, was used to _It_.r tile data
entry forms.

Results. The menus that were developed work properly. The menus prevent
the user from having to remember cryptic form names and make the data entry
process more orderly and understandable.

Those forms thathave been alteredalsoappear towork properlyand have
made thedataentryprocesseasierand more efficient.The forms now testfor
missing informationand willnot allow the user toenter data ifimportant
informationismissing,butwillallowtheusertobothlook-upwhat isknown tothe
systemand enterwhat ismissing,withoutleveringtheoriginaldataentryform.

5.24 Oil Field Waste Cleanup Using Tank Bottom Recovery Process

Objectives.The objectiveforthequarterwas toinitiateplanstoproceedwith
thetask.

Accomplishments.Planshavebeenformulatedand work willbegininthenext
quarter.
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