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OBJECTIVF_

The purpose of this project is to conau_ a variety of laboratory and field tests and utilize all the

geological, geophysical, and engineering information collected to develop a reservoir model by the use

of global optimization methods. The interdisciplinary effort will integrate advanced geoscience and

reservoir engineering concepts to quantify reservoir heterogeneity and the dynamics of fluid-rock and

fluid-fluid interactions. The reservoir characterization will include geological methods (outcrop and

reservoir rock studies), geophysical methods (interwell acoustic techniques), and other

reservoir/hydrologic methodologies including analyses of pressure transient data, field tracer tests, and

laboratory core studies. The field testing will be conducted at the Sulimar Queen Unit with related

laboratory testing at the Petroleum Recovery Research Center (PRRC) on core samples from the Sulimar

site and Queen "sandstoneoutcrops. Research methods will involve the acquisition of data obtained at

different scales and integration of the data into a reservoir model.

The goals of the project are to: (1) characterize lithologic heterogeneity, (2) quantify changes in

heterogeneity at various scales, (3) integrate the wide variety of data into a model that is jointly

constrained by the interdisciplinary interpretive effort, and (4) achieve greater accuracy and confidence

during simulation and modeling as steps toward optimizing recovery efficiency from existing petroleum

reservo_.

Dr. Jerry Harris, Associate Professor in the Department of Geophysics at Stanford University a,'_l

Dr. Gary Pope, Director of the Center for Petroleum and Geosystems Engineering at the University of

Texas at Austin, will collaborate on the project. Several members of the PRRC staff will participate in

the development of improved reservoir description by integration of the field and laboratory data as well

as in the development of quantitative reservoir models to aid performance predictions.
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LABORATORY STUDIES

DIAGENF_IS STUDY

A reporton the diagenesis in the cored intervalof Well 1-16 was revised during this quarter. This

report is availablefor interestedparties.

Diagenesis of the ShattuckMemberof the Queen Formationwithin the SulimarQueen Field is very

similar to that of other sandstone units within the Permian basin, and is in many ways analogous to

modern-daydiagenesis in the sabkha areas of the PersianGulf. The core examined in this studyrecords

a transgressive event that, either through a lowering of sea level or increasedclastic supply, produced _

a succession of lithologies rangingfrom fine-grained, probably water-laidsands upwards into dolomite

capped by interbedded evaporites and redbeds. Diagenetic minerals within the sequence include

anhydrite, gypsum, halite, quartz,dolomite, feldspar, andrutile.

Early diagenetic events generally occluded primary porosity through precipitation of evaporite

minerals, authigenic feldspar, and authigenic qu_tz, whereas later events increased both porosity and

permeabilitythrough dissolution of grains and cement. Oil emplacementmay have actually occurred

prior to optimum timing, as secondaryporosity apparently increased following hydrocarbonmigration

into the reservoir. Examinationof this core demonstratesquite clearly the combinationof depositional

anddiageneticeffects that served to createa hydrocarbonreservoir in the SulimarQueen Field.
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PRELIMINARY STUDIES OF WETTING WITH SULIMARQUEEN CRUDE OIL

A sampleof SulimarQueen crudeoil was obtainedin January1994. Preliminarywettabilitytesting

of this oil samplehas beenconductedwith a series of standardbrinesof fixed pH andionic composition

for comparisonto other crudeoils. Othermeasurementshave been madeto characterizethe oil including

density, viscosity, asphaltenecontent, and elemental analysis.

Oil Properties

The oil sample used in this study (SQ-94) has been stored in the five-gallon plastic container in

which it arrived. Partof the sample is oil andthe rest is producedbrine, but the relative amountsare

not known. The physical propertiesof the oil are summarizedin Table 1.

Kinetic viscosity was measured with a Cannon-Fenskeviscometer; density was measuredusing a

Mettler/PaarDMA40 densitometer;asphaltenes were determinedby the standardASTM method;1 and

elementalanalyses were performedby HuffmanLaboratories.

Wettability Tests

Adhesion: Interactionsbetween SQ-94 andfiat, solid surfaceshave been observed in two tests.

In the first of these is theadhesiontest, 2'3 in which a drop of oil is trappedunderbrine between a smooth

glass surface andthe buretused to form the drop. After a short time, typically two minutes, the drop

volume is decreased and interactionbetween the oil and solid is observed. The observations fall into

three broad categories: drops that leave no oil on the surface (nonadhesion),drops that adhereto the
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surface and break off from the oil in the bi_retas the volume is reduced, and an intermediatecase,

referredto as temporaryadhesion,wherethe buoyancyforce is sufficientto peel the adheringdropslowly

off the glass surface. An adhesion mapis generatedfor brines of varyingpH and ionic strength. The

adhesionmap for SQ-94 at ambientconditionsof temperatureandpressure is shown in Figure 1.

All three types of adhesionbehavior are exhibited by SQ-94. Dependenceof adhesion principally

on pH and secondarily on ionic strength is typical of most of the crudeoils studied previouslyby this

technique, pH is varied over the range of 4 to 8 or 10, as shown on the Y-axis. The X-axis is a log

scale over which the molar concentration of NaCIvaries by two orders of magnitude,but it is important

to note that only monovalent ions are included in these brines. Addition of other ionic species,

particularlydivalent or multivalent ions, affects crudeoil adhesion in ways that are neither predictable

nor well understood.

Adsorption: A second test of crude oil/brine/solid interactions has been developed to study

changesin wettingover longer periodsof time.4_ Inthis test, glass is equilibratedin brine, drained,then

immersedin crude oil andaged. The aging time ranges from a few hours to a month or more and the

agingtemperaturecan be varied. At theend of the aging period, a glass slide is removed from the crude

oil and rinsed with toluene to remove bulk oil. It is then immersed in decane and contact angles are

measuredwith a drop of distilled water.

The results of tests of adsorptiononto wet glass from crude oils show pH and ionic strength

dependence, related to the adhesion behavior. For SQ-94, three values of pH (4, 6, and 8) have been

tested at low (0.01 M) andhigh (1.0 M) ionic strengths. The aging times varies from a minimumof six



hours to a maximumof 22 days andthe aging temperaturewas maintainedat 80°C. The results are

shown in Figure 2; the values in braces are the brine pH andionic strength: {pH, I}.

Adsorptionfrom SQ-94 at all conditionsstudiedled *owateradvancingcontactangles (0a)less than

100°. These are substantiallylower than the maximumvalues of 0a that have been observed for other

crudeoils,5 especially atpH 4. Adsorptionis suppressedat pH6 at both low andhigh ionic strength and

is higher in the lowest andhighest pH brines (pH 4 and 8).

Discussion

The oils studiedpreviouslyby the methodsdescribedabovehave beenchosen becausethey appeared

to have unusualsurfaceactive properties(e.g., Moutraycrudeoil), high asphaltenecontent(Alaska-93),

or some other indicationthat wetting of the oil/brine/rock system was other than strongly water-wet.

Thus, our dataare probablynot a representativecross section of crudeoils.

Preliminaryindications are that $Q-94 is not typical of the oils we have been studying. It is

significantly more saturatedthan other oils we have studied(H/C ratio of 1.825 compared with a range

of 1.576 for Alaska-93 to 1.693 for Schuricht)and has a lower, but still significant, percentage of

asphaltenes. The range of adhesive conditions is not unusual, but the contact angles on surfaces after

longer exposureto SQ-94 are, in general, lower than we have observed previously with other oils. At

most, surfaces are altered into the range of neutral wetting.

In previousstudies, a general correspondence hasbeen notedbetween adhesionandadsorptiontest

results for comparableconditions of brine pH and ionic strength. Conditions that led to adhesionafter
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two minutesof exposureof oil to solid also showed a high degree of wettingalterationafter muchlonger

exposure times. The very low contact angles observed after adsorptionfor glass treated with the {6,

0.01} brine appearto contradictthat general observation, probablybecause the tests were conductedat

differenttemperatures. Adhesionwas tested at roomconditions, while the adsorption test samples were

aged at 80°C. The higher temperaturewas chosen to accelerateadsorption, but the effects of temperature

can be two-fold. Previous test have shown that the rateat which a surface is altered by adsorption can

increase significantly, but the conditions of brine composition that lead to adhesion change with

temperatureas well. The adhesion areadecreases to encompassonly brines of the lowest pH andionic

strength tested.6

Overall, theresults to date suggest that SQ-94 is not likely to be oil-wetting on silica surfaces, but

these preliminaryresults cannotbe readilyextrapolatedto predictreservoirwetting. Specific interactions

between multivalent ions in reservoirbrines and crudeoil components may dominatewetting behavior.

Tests with a simulatedreservoirbrine (composition as shown in Table 2) are underway.

FIELD ACTIVITIES

OUTCROPSTUDIES

The Queen Formation crops out in south-centralEddy County, New Mexico. The goals of the

outcropportion of this study are 1) to ascertain if the Queen in outcrop is similar enough to the Queen

in the subsurfaceto serve as a reservoir analogue,and2) if so, to examineoutcropsandcharacterizetheir

lateral, vertical, and areal heterogeneity.
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Preliminary work for the outcropphaseof this study includes collecting aerialphotos, geologic and

topographicmaps of the area, anddriving the marls in the area to identify Queen outcrops that may be

useful for our study. We will choose for furtherwork Queen outcrops containing rocks most closely

resembling those seen in the SulimarQueen core. Emphasis will be placed on outcrops having the

potential for examinationin three dimensions, particularlythose with great area! exposure. A trip was

made to the field area this quarter,and a few promisingoutcropswere located.

After suitableoutcropshavebeen identified,the secondphaseof studywill begin. This will include

collecting samples for examination in the laboratory, but most importantly, using a portable

minipermeameterto make field permeabilitymeasurements. Temco has offered us the use of their

portable minipermemne_ for this study. This work will be carried out during the spring andsummer

of this year.

FIELD TESTS

As requiredby the Bureau of Land Management(BLM), a plan of operations for the Unit during

the coming yearwas submitted. The plan was approved by the BLM on February3, 1994.

The statusof all the wells in the SulimarQueen Unit as of earlyJanuary1994 is shown in Table 3.

The New Mexico OilConservationDivision has scheduled bradenheadtests in all injectionwells on April

6, 1994. These tests are required to ensure that all injectors are mechanicallysound.

Static reservoir pressures throughoutthe field were determined in early January 1994. Static

bottomhole pressures for all wells tested are listed in Table 4. These data serve as background



informationfor the individualwell and interwelltests that are scheduled. The feasibility of applyingan

inversedrillstemtest (DST) technique to estimatethe flow capacity (permeability-thicknessor khproduct)

is being evaluated.

The PRRC pressure testing equipment and trailer were thoroughly evaluated, and necessary

replacementparts were ordered. This equipmentwill be refurbishedand installed at the SulimarQueen

Unit for the pressuretransient tests that are scheduled for the next quarter.
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Table 1. Propertiesof SulirnarQueenCrudeOil

.......... ..............Viscosity
,,. ,, --

Density 0.8381o/ml(.*2s'c) (API gravity= 36")

Asphaltenecontent 4.07% 1.44%

Elementalanalysk_
wet_t%

C 88.13 84.71 84.23 83.87

H 12.96 8.14 8.43 7.94
N o.oe 0.4o 0.37 0.39

S 0.89 3.39 3.26 3.24

0 1.07 1.61 1.71 1.65

atomicratio

I-VC 1.825 1.153 1.201 1.136
N/C 0.001 0.004 0.004 0.004

S/C 0.004 0.016 0.016 0.014

O/C 0.009 0.014 0.015 0.015

Table 2. Compositionof SyntheticBrine for SulimarQueen*
NaHCO3 282 mg/L
Na2SO4 4,303
CaCI2*6H20 7,776
MgCI2*6H20 74,612
NaCI 262,314

TDS 307,712

Ionic Strength 5.t; M

pH 6.2

* Based on analysisof Sample#1 in reference7.



1,

,il

4.

Table 3
Sulimar Queen Unit Well Status Report

January 1994

GROUND PACKER

WELL PERFORATIONS LEVEL SE'ITING
NO. TO TD CASING EI.EVATION DEPTH COMMENTS

1-2 1972 - 1979 2005 5 1/2" 3933 R-4 @ 1927 INJECIOR - O.K.- 2 3/8"
1-3 1980 - 1992 2020 5 1/2" 3936 R-4 @1958 INJECTOR - O.K.- 2 3/8"

1-4 1975 - 1988 2012 5 1/2" 3926 R-4 @1883 INJECTOR - O.K.- 2 3/8"
1-5 1976 - 2006 2016 5 1/2" 3907 R-4 @1950 INJEC[OR - 2 3/8"-HEAVY PARAFFIN @ 15' &700'
1-6 1967 - 1975 2003 5 1/2" 3948 NO TUBING-INJECTOR

1-9 1965 - 1971 1992 5 1/2" 3938 R-4 @1916 INJECTOR - 2 3/8"-20' FILL ABOVE PERFS
l- 12 1960 - 1970 2010 5 1/2" 3931 R-4 @1912 INJECTOR - O.K. - 2 3/8"

l- 13 1955 - 1957 1975 5 1/2" 3926 R-4 @1909 INJECIOR - O.K.- 2 3/8"
1-14 1970 - 1978 2010 5 1/2" 3937 R-4@1948 INJECTOR - 2 3/8"-PARAFFIN @ 310'
l - 15 1990 - 1996 2020 5 1/2" 3959 RODS IN WELL-2 3/8"
l-16 1995 - 2006 2064 5 1/2" 3958 RODS IN WELL-2 3/8"
2-2 2027 - 2030 2055 7" 3948 R-4 @1995 INJECTOR - O.K.- 2 3/8"
2-3 2015 - 2032 2045 5 1/2" 3950 R-4@1962 INJECTOR - O.K.- 23/8 _

.......... ...._........... ._......._... ....... .,...._......-.._-_..._.._..-..._-... ...... _-_-_ ,_ v_,.-,.- _- • ....,,...._._ ,_:.:< .... y.._ .:.:,._ .... :_.:,.-.:<_.._. :::._.._., .. • ..._._.: -:._ _:-_.:._: ::_:_._._--_:-:-.<-: r,: _.-:-.'-_',-'_:-: " :_"-" _ . _._:__::::::::_-.:!:-::::::::_:::::::::::::::::::::.':::_:::::::'-:::.... _ '-':i-_........ _-_ii..... .;_:_:.-_i.:.'_:_-..'_i: "i_ ........ _!!_ -'-'_'___'_ ..... - _ "_':- _._ _ _ . "" _ " _ _'_-___'_i___-_
__ ..... _ _:_'_

2-7 2020 - 2028 2046 5 1/2" 3938 R-4 @1968 INJECTOR - 2 3/8"-TUBING BENT @ SURF.
3-1 2031 - 2039 2063 7" 3955 R-4 @2002 INJECTOR - O.K.- 2 3/8_

............................................................................. -........._:-:.............'-'.'--:-',:-:-:-:-:.:-:-:-:.:-:.:.:.:.:_-:-:-:._:::_-'-.--:'-'--:--z-:,:.':-'_,_'-'-':',_:'_.-:::-'-'-'-"........:::.'-'_"':':':':..........:::'.:::"::-_"_':_"_:_":'.:::'.:..............":."_:_:__i_ -i:_"",_:::_.'.. ::"::.:-_::.:_'_-_".-:.'_'__?_::.:.i_

...... ..................... °:
:'.::_'_.-:-.'_::-::::::'¢.::::_

• , • "'_. _- "_ -!._ _" ." :_ ...... _!_ _ • _"::i::_--:-::-'._._':.:_:__.

3-4 1989 - 2002 2038 5 1/2" 3920 R-4 @1965 INJECTOR - 2 3/ff'-FILL 10' BELOW PKR.
_-..... :_.:.. _._*..:._:::_::-,'. • "- -:-:<-:<..-:::.-_.-.-.::-:: • -,:-...._.:'<_.'-.::::::_:.-.-.._..':._'.:" - - ,-'-"_'.-:,-._._ :.- ..-.-...-.-.-:.-.v....-.-.._ -. _._. "-'.-."_:._>-:_ :-:- :....-... -.. - • .,_.._ -", _.:._::::....:._:.:_:.:`:.:_:.._:._!_:.:_:_...._::...:._..._.:...:_.._._._._._.._:_:_._....._...._...._-.:.:_,-.... -_ .. • • ×..'-._-. -...:-.'-.x-.'-.':-.-_:_$-...-.:<.-.-:_x:_:.-...:._:_-.,x..,:.:<.:-::-:_." . -.... - ......."-_:-:.._x_'-'_.-',_- • _:.:<..... -.'-a:......... _:_.. - .........._._i...-....:.-._:-.:-..................:-:-:-:................-.......:.:_.:::..-.-._-...-.:_'.:.:-:.:.:.:.............. _'"_"" .... "......... " " _: ...... _:i_:_ ...... " _" .... ':'_ .: " _ ." .. ....._._:_i.:._:._i:._:_::._::_.::._.::.¢.::._:_:.::_@:.:.:_?.:::_._.::_:::_:._:_:.-.::_:'._.:.:.::" • .*:2_• "- ;;2""" .... " • _ _" -2 ." .: .. _-'-"-"_ .... :.. ....-....-_ . .-. .... _.....,.... ........... _

4-2 1946 - 1952 1980 4 1/2" 3933 R-4 @294 300' TUBING IN WELL-INJ. 2 3/8"-PARAFFIN @ 175'
5-1 1973 - 1982 2004 5 1/2" 3926 R-4 @292 300' TUBING IN WELL-IN]. 2 3/8_.................................. •.-,.-.*._*_......... -.._..-_.--.-.-..-.-.-.-.,--.--.-...-.-._-.'.'.-.."• _. ". "....... -'o-'-'-2-_.... _-"*'-",'-'.'-'.'-'-.........._--..._-._._--::._`._._......:_-_....._....._._.-_.._:_..._..`_::_._:.:...:.:.:_::*:.:.:_.:._

- .... - . _ . . _.-.:.'.::':_--__-_:_:_.:_._ _--_ _.:'_._

6-1 1958 - 1970 1996 4 1/2" 3919 R-4@1900 INJECTOR - 23/ff'-PARAFFIN@ 900'
8-1 2003 - 2012 2048 4 1/2" 3958 R-4 @1961 INJECTOR - O.K.- 2 3/8"

_ULE 203 WELLS - T/A STATUS APPROVED UNTIL 12-7-94.



Table 4
Sulimar Queen Unit Static Reservoir Pressures

January 1994

DATUM GROUND PRESSURE
WELL @ PRESSURE GRADIENT LEVEL @ DATUM

NO. + 1960 PSIA DEPTH PSI/FT. ELEVATION + 1960
1-2 1960 775.9 1975 0.5805 3933 774.7
1- 3 1960 752.5 1986 0.4790 3936 747.7
1- 4 1960 775.9 1981 0.4922 3926 768.5
1- 5 1960 780.6 1991 0.5155 3907 757.9
1- 6 1960 779.1 1971 0.4205 3948 786.2
1-7 1960 3927 N/A
1- 9 1960 765.0 1942 0.5063 3938 783.2

1-12 1960 794.0 1965 0.4793 3931 796.9
1- 13 1960 927.6 1956 0.5010 3926 932.6
1- 14 1960 769.7 1974 0-5030 3937 771.2
1- 15 1960 18.3 1990 0.4950 3959 22.8
1- 16 1960 719.0 1995 0.4950 3958 720.5
2- 2 1960 808.8 2029 0.0341 3948 807.4
2- 3 1960 799.4 2023 0.5817 3950 780.2
2-4 1960 3949 N/A
2-7 1960 3938 N/A
3 - 1 1960 771.3 2035 0.4855 3955 751.9
3-2 1960 3935 N/A
3-3 1960 3933 Nhs,
3-4 1960 754.1 1975 0.5022 3920 746.6
3-6 1960 3929 N/A
4-1 1960 3936 N/A
4-2 1960 663.4 1900 0.4689 3933 697.6
5- 1 1960 718.1 1978 0.5269 3926 711.8
5-2 1960 3915 N/A
5-3 1960 3927 N/A
6- 1 1960 729.1 1964 0.4956 3919 726.6
8-1 1960 779.1 2008 0.5072 3958 774.0

N/A means not accessible
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Figure 1. AdhesionMap of SulimarQueen CrudeOil (SQ-94) at 25°C
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Figure2. Adsorptionfrom SulimarQueenCrudeOil (SQ-94) at 80°C, {pH, IonicStrength}
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