CHAPTER 1

INTRODUCTION

1.1 Background

Alkaline flooding is one of Enhance Oil Recoverythuw that cause pH increased in
injection water by present of cheap alkali like isod hydroxide and appear to be the simplest
one among all chemical flooding process that candeel to save cost (J, B, & Leung, 2008,p 1-
7). This project is emphasizing more on cause éopvery improvement in low acid number
crude oil by using strong and weak alkali. In orttedo that, all the parameters and cause of
each process contribute in this study such asiakakentration, salinity of the alkali solution
and reservoir condition are determined earlierompatibility test.

Besides that, comparison study of mechanisms deccachieve incremental oil recovery
like emulsification and wettabilty alteration inWoacid number crude oil are determined at the
end of this project. Finally, this project is fdasiin term of period conducting it because the
scope of work and objective has been narrow downake sure it can be finished in given time
frame.

Although previous works has conducted detail anthmehensive study on this topic but
there are some improvement need to be done in twdget the accurate result and correlation.
First, the type of alkali used in previous projenty one which is sodium hydroxide and for this
project, | will used one strong alkali and one wedlkali to get better understanding on the
relative permeability changes. Second, the formatibalcohol claimed by previous work is not
proven scientifically because there is no compmsianalysis of effluent after core flooding but
for this project, Gas chromatographic test is iiiwed to analyze the composition whether
alcohol formation is present or not in lowering IFThird, previous work do not put more
emphasize on the emulsion retention test and fieetedn IFT so, this project will put focus on
oil-in-water emulsion in reservoir condition whichin reservoir temperature and it's dynamic
IFT. Lastly, previous work did not prform study arettability alteration after alkaline flooding
so, this project will examine the wettability chasgwith respect to contact angle and end-point
relative permeability.



1.2 Problem statement

The minimum acid numbers ranging from @51t5 mg KOH per gm of oil have been
suggested as condition to improve recovery (Cookdliams, Kolodzie, 1974, p 1374).
Majority of works suggest that application of alkal flooding is very limited due to low
carboxylic acid content in crude oil to react walkaline in producing in-situ surfactant. Hence
the recovery of residual oil is lower compared itghhacid number crude oil due to Interfacial
tension (IFT) cannot be lowered due to lack of aetednt produced during reaction. However
there is actually no direct correlation has beeseoled between acid number (AN) of the crude
and IFT also the magnitude of enhanced oil recoMagyeased production did not correlate with
AN or IFT beyond these threshold values (Ehrlichygal, 1977, p 270). This project is
significant to prove there is effect in macrospind anicrospic displacement efficiency even in
low acid number crude oil because both the IFT @nttact angle experiment indicate that the
acid structures or type present in the crude may rhere important than its
concentration(Hoeiland, Barth, Blokhus, & Skaud#)2p91-103).

1.3 Objectives

1. To examine changes of end-point fluid relative p=ability changes using strong and
weak alkali in low acid number crude oil.

2. To examine emulsion retention of oil-in-water emutsfor low and high acid number
crude oil and relation with dynamic interfacial $em.

3. To investigate wettability alteration of alkaline@dding in low acid number crude oil

with respect to contact angle.

1.4 Scope of study

Relative permeability end point and oil saturation
Emulsion retention of oil-in-water emulsion

Dynamic Interfacial tension of oil and water

DN PF

Wettability alteration of reservoir rock with regpéo contact angle changes using sessile
drop and relative permeability end point.
5. Gas chromatographic test to trace the alcoholfafesft after core flooding.



1.5 Project significant

Due to low acid number in crude oil, it isrthdo create in-situ surfactant for lowering the
interfacial tension but it is important to provesthlkaline flooding in low acid number crude oll
is successful due to this method is lower costefanance oil recovery (EOR) compare to the
other methods. This research and laboratory coeduitt contribute in the study on alkaline

flooding for Dulang crude oil.



CHAPTER 2

LITERATURE REVIEW AND THEORY

2.1Theory

Alkaline flooding is another method by which oisglacement efficiency can be improved. The
benefits of this process have been known for a kimg and were first observed by Squires
(1917) and by others later on (Carcoana, 1992,p. Tate alkaline flooding method relies on a
chemical reaction between chemicals such as sodanvonate and sodium hydroxide which
most common alkali agents and organic acids ineitito produce in situ surfactants (soaps)
that can lower interfacial tension (IFT) (JamesSAeng, 2011, p 389). The most important
element is whether the crude oil has the carboxgti or not to react with the alkali in
formation of in-situ surfactant (Hoeiland, BartHpBhus, & Skauge, 2001,p 91-103).

2.2Recovery Mechanism

The mechanisms involve in this method play impdrtarte in contributing the Enhance Oil
Recovery. Expert has found the combination of meidma that assists in displacement
efficiency such aemulsification and entrainment (Johnson Jr, 1976, p8a&hdemulsification
and entrapment (Jennings Jr, Johnson Jr, McAuliffe, 1974, p 13#agt affect interfacial
tension (IFT). In this project, the focus is moretbe retention of emulsion. If the emulsion is
stable enough, like oil-in-water emulsification oitice dispersed as fine droplets remains in the
aqueous emulsion phase and can be recovered(L&awis, Scriven,1980, p246 ).The retention
of this emulsion depends on the concentration efréservoir formed alkali-oil surfactant at the
interface (Guo, Liu, Li, Wu, & Alfred, 2005,p213-2)l The last mechanism isettability
alteration of the pore walls by chemical agents can improveragovery when the original
wettability condition is unfavorable. surfactantacaustic flooding alter wettability by changing
the distribution of the fluid phase in the pore gpand influence relative permeabilities,
imbibition, drainage behaviour,and capillary pressoly presumably of contact made with rock
surface by interface between aqueous and oleieephasrson, Davis, Scriven,1980, p244).The
ability of acids to adsorb onto mineral surfaced #rereby alter the wetting properties of the

surface (Thomas et al.,1993). In this project theu$ in wettabilty changes is contact angle



measurement on silicate surfaces that show higtiemaimber (AN) result in water-wet surface
and higher base number result in oil-wet surfac®e{ldnd, Barth, Blokhus, & Skauge,
2001,p91-103).

2.3Type of alkali used

In the past, sodium hydroxide, sodium carbonatel msest often. The dissociation of an alkali
results in high pH. For example, NaOH dissocitdegeld OH':

NaOH—Na" + OH

Sodium carbonate dissociates as

NaeCO; — 2Na* + CO3*

Followed by the hydrolysis reaction
CO;* + H,0 — HCO3™ + OH™
(James J. Sheng, 2011, p 389-390).

Although some expert said that sodium orthosili¢ete higher residual oil recovery than sodium
hydroxide for continuous flooding in same conceidraand 0.5 PV slug (C & Krumrine,
1979,p3) but the mechanisms through which sodiutrosilicate produced higher recovery than
sodium hydroxide in those tests were not concludeeduction in IFT is similar for both
chemicals. Previous work proved that emulsion tetanis closely related to type of alkaline
used in the solution. As for example, sodium orilicage will result in less emulsion problems
like emulsion formation with higher shear viscodityan with corresponding sodium hydroxide
systems (Mun Sik & Darsh T, 1980, pp. 255-258).sTrioblem in emulsion can be minimized
using optimum salinity of the alkaline solution whiis in range of 0.5% - 1% sodium chloride
or salinity. There must be other factors that ptayre important role so, it is still relevant to use
sodium hydroxide as the alkali agent. The pH of sbéutions varies with salt content. For
instance, the pH of caustic solutions decreases 18.2 to 12.5 when the salinity increases from
0 to 1% NaCl (James J. Sheng, 2011, p 389-390cdByparison, the pH of sodium carbonate
solutions is less dependent on salinity (Labridd1,9 123-155). It has been observed that the
minimum IFT occurs over a narrow range of alkalbe@centrations, typically 0.05 to 0.1 wt.%

with a minimum IFT of 0.01 mN/m (Green and Willhite998).1 would like to emphasize on the



optimum concentration of alkali and salinity ingiproject to achieve the objective by focus on
type of alkali used in lowering the IFT.

2.4Laboratory studies of alkaline flooding

From the past, many experts have done researchismethod also known as caustic flooding
to determine the relationship between crude oiperties particularly in acid number (AN) and
Enhance Oil Recovery (EOR). The results of thedinegression analysis showed that the best
correlation AN and Interfacial Tension (IFT) is ithe log of the AN that result in all crudes
with an AN greater than 0.5 proportionally increagth caustic coefficient that show IFT will
be lowered if the value of coefficient is high (damgs, Harley Y, 1975, p 202). After years,
argument happened because the one expert showedrtketation the highest AN or the lowest
IFT do not necessarily give the best recovery (EhyIWygal, 1977, p 270). However, it has
beenreported from the pilot testing on various fieldizing alkaline flooding, it was discovered
that even in reservoirs with very low AN ; the merhance of alkaline flooding somehow equals
with reservoirs with higher AN (Mayer, Berg, Cariméel, Weinbrandt, 1980, p23). Recent
finding claim that even if the AN of the oil wasraglFT could be reduced by adding alkali in
the water (James J. Sheng, 2011, p 402). This wdigam requires better understanding of the
displacement mechanism by considering other fadtas contributes in increase the recovery
for low AN crude oil. All of the mechanisms can determined using laboratory approach in
order to investigate which mechanism affects miostEOR from the beginning of this method
introduced. In comparison of the type of alkali disehether strong or weak in the experiment
has showed that lower IFT were observed at lowhagd concentrations of sodium hydroxide
which is strong alkali than with sodium silicatesdestrong alkali (Larrondo, Urness, Milosz,
1985, p 310). Recently, laboratory result shows sledium carbonate reduces the extent of ion
exchange and mineral dissolution in sandstones asaker alkali compared with sodium
hydroxide because mineral dissolution increases pHt valugJames J. Sheng, 2011, p 246).
During earlier experiment, most experts focus nmrdFT measurement to study the effect in
oil recovery. In fact, one of the important expegits is measuring the contact angle using
sessile drop technique (Neuman and Good,1979,mBi)vestigate the wettability alteration.
Expert has proved that acid structures or types Ineagnore important than its concentration in



crude oil from the result of contact angle meas@mrn{Hoeiland, Barth, Blokhus, & Skauge,
2001,p 91-103).

Besides that, two important laboratory stadefore we can proceed to the next level is
acid extraction experiment and acid number measemenf\ccording to (Lijuan, Benxian, &
Gongqgun, 2008) the 2-methylidazole solution in ethavas used to remove naphthenic acids
from crude oil and the optimal duration is 10 mesitin room temperature. Acid number
measurement for this experiment is according to MSI974 to measure of acidic constituents
using a color change to indicate the inflectione Bample is dissolved into a solution of toluene,
p-naphtholbenzne, and ethanol containing water. Shetion is titrated with KOH in ethanol
while the color is monitored. This test is usednew oils and oils that are not excessively dark.
According to (Fan & Buckley, 2006) the solvent forost titrations is mixture of 50%
tolune,49.4% alcohol, and 0.06% deionized distilVedter. In addition,oil sample is titrated

using alcohlic KOH.

2.5Crude oil fraction and fluid properties

In many papers and journals, researchers put leffofts to investigate the fractions inside the
crude oil itself to see the effect on lowering IFFLA, N, J.T, R.M, & T.F, 1979, pp. 103-113)
and changes in contact angles (Hoeiland, Barthkiis, & Skauge, 2001,p 91-103). The
fractionation of crude oil used is the modified S®Ractionation which the olil is precipitated
with n-pentane. The deasphaltened fraction whicaitato approximately same amount of acids
as the original crude is more eluted with hexangdbsaturates toluene to get aromatics, and
dichloromethane to get resin (Hoeiland, Barth, B&kauge, 2001,p 1-9). The other method is
by 2 fractions which are benzene eluted and etlagzcefraction (P.A, N, J.T, R.M, & T.F, 1979,
pp. 103-113). Many expert agreed that asphalterie lgad to increase of IFT and not
comparable to surfactant in lowering the IFT. lolsvious that the ultralow IFT values of the
crude are exceedingly narrow in pH range but inather studies stated that the decrease in IFT
with increasing pH in the alkaline pH range coraeggs to the acid numbers and independent of
acid concentration. From the experiment condudieth the IFT and contact angles indicate that
the acid structures or type may be more importhan tits concentration. The high content of

phenolic compounds, alkyl acids, and cyclopentamésahas greatest impact on wettability but



high acid number due to polyvalent acid give gretat@apact on IFT (Hoeiland, Barth, Blokhus,
& Skauge, 2001,p 91-103). Later investigation hamved that 2 of the low acid number crude
oil exhibited the IFT that decrease continuouslthwncreasing pH (Jill S & Tianguang, 2005,
pp. 1-12). From the research and experiment, tlses#ll potential of recovery increment for low

acid number crude oil.

In term of interfacial rheological proped, more research conducted with respect to
viscosity as it can lead to extend the studies ability ratio. The result from most journals has
agreed that the decrease of oil viscosity will @ase the oil recovery. As from (Jill S &
Tianguang, 2005, pp. 1-12) stated that IFT decrgaselower viscosity. Besides, Laboratory
studies on Saudi oil successfully proved that @tesity decrease with increasing temperature
from 22 c to 60c and give remarkable increase in mobility rathH & M.S, 1993, pp. 295-
314). Further studies by (J & I, 1999, pp. 41-4@hcduded that interfacial viscosity of non-
newtonian flow behavior decrease drastically in gnesence of alkaline solution especially
sodium hydroxide. The concentration of alkalinalso important as proved by (J & I, 1999, pp.
41-47) the positive effect on decrease in intedlagiscosity with increase of sodium hydroxide
concentration from 0.1 g/L until 1 g/L and at higbncentration, the temperature effect is
negligible. High acid is not the only preconditifar efficient in lowering IFT due to not all the

hydrolyzed organic precursor are active at surface.

As conclusion, further study on the cause for imptboil recovery in alkaline flooding of low
acid number crude oil is significant in order tdedenine which cause contribute the most in oil
recovery.



3.1 Methodology
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3.2 Gantt chart

No. Activities /Week
1 | Selection of Project Topic
2 | Preliminary research work
Literature review and
3 | understanding theory and
concept
Preliminary Report
4 o
Submission
5 Detail Studies On
Laboratory Procedure
Proposal Defence and
6 i
Progress Evaluation
7 Provision of chemical and
material for experiment
8 | Acid extraction experiment
9 | Acid number measurement
10 Compatibility test
experiment
11 | Initial results Gathering
Draft Interim Report
12 o
Submission
Submission of Interim
13
Report

Table 1: Gantt chart of the whole project in FYP 1
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No. Activities /Week 11|12 13| 14| 15

Core displacement
test/core flooding

Gas chromatographic
test

3 Emulsion retention test

4 IFT measurement test

5 Contact angle
measurement

6 Analysis and discussion
of result
Submission of Progress

7
Report

8 Submission of Draft
Report

9 Submission of
Dissertation (soft bound
Submission of Technical

10
Paper

11 | Oral Presentation
Submission of Project

12 | Dissertation (Hard
Bound)

Table 2: Gantt chart of the whole project in FYP 2

3.3 Research Methodology

This project begin with identify theoptem statement which is the alkaline flooding in
low acid number crude oil. Then, analysis of thebgm take place where the possible route
problem identified and possible alternative and hoétto overcome it determined using
literature review and understanding fundamentabthand concept. After that, selection of the
possible alternative and method selected afteromadown the scope of study. This process
continues with planning the chemical and materésdded to be used in experiments also project
activity such as procedure for experiment.

11



3.4 Experimental Methodologies
In order to achieve all the objectivesjeseof experiments has been setup and divided into

2 types which are general experiments and objeotiesited experiments.

3.4.1 General Experiments
It is mean to provide the chemical before the dbjecoriented experiments take place and as
compatibility test of the optimum alkali solutiom aqueous for flooding including salinity and
concentration of alkali. The experiments are aeWal
3.4.1.1Acid number determination
e Objective: To determine the acid number in crudeand add carboxylic acid to
crude oil to make the crude oil high acid content.
e Materials: Ethanol or Isopropanol, Potassium Hydfe, p-naphtholbenzne
Solution, Carboxylic acid like acetic acid, crudeamd pH meter.
e Apparatus: burette, graduated cylinder, weighiradesaetort stand, beaker 1 liter
e Procedure: Alkaline solution titration was prepalgdweighing out 0.1 mole of
KOH (= 2.805 g), dissolved it in ethanol to make tbtal volume equal to exactly
500 ml. This gave 0.1M KOH solution in ethanol. M0 ml solvent for crude
oil is prepared consist of 250ml tolune,225ml etiarand 25ml deionized
distilled water.3 to 4 drops of phenolphthaleinusioin were added and titrated
with 0.1M KOH alcoholic solution. The color of thadicator changes from
colorless to pink. Accurately 10g of sample is vireig and was added into 100 ml
of the solvent in the beaker. The sample is swidechpletely until dissolved by
the solvent. Then it is titrated immediately witlildl KOH alcoholic solution at
room temperature, using a 25 ml burette. The soius swirled vigorously until
the color of the indicator changes from colorlespink as was with solvent and
crude oil neutralization.
*remark: The method described is a color titratmathod ASTM D974 in order
to determine at which titration volume should bepged, a pH meter was used to
indicate that the solution has been neutralized tduthe fact that crude oil is
black to brown in color but it is visible in thelgent.

12



3.4.1.2 Acid extraction or removal

Objective: To extract acid component (naphthenid)aa crude oil and become
low acid content.

Materials: 2-Ethylimidazole, Ethanol, crude oil

Apparatus: Beaker 1 liter, Magnetic stirrer, Themeaber, Separating funnel,
retort stand, weighing scale

Procedure: 1 litre of Ethanol was mixed with 200@-&thylimidazole powder to
create the extraction solvents reagents. 5009 wfecoil sample was weighted.
Then 2009 of the reagent mixture was mixed withah&le sample. This gave a
ratio of reagent: oil to 0.4:1. During the extraati the mixture was heated at a
constant 37C and constantly stirred using magnetic stirrere fitocess was
conducted for 10 minutes. After the extraction, théture was put into a
separating funnel for 30 minutes at room tempeeator gravity-separate the
reagent with the acid compounds extracted fromctinde oil. At the top of the
funnel will be mainly the de-acidified crude oildamn the bottom was mainly
reagent with ionic liquid.

*remark: The method described was extracted fronjugh, Benxian, &
Gongqgun, 2008) in the paper Removal of Naphthemicl#\from Beijing Crude
Oil by Forming lonic Liquids.

3.4.1.2Compatibility test of alkali solution

Objective : To find the optimum concentration aatirsty aqueous solution using
NaOH, NaCO3 with crude oil and brine water(NaCl)dastilled water to avoid
precipitation of micro white particle

Materials: Sodium Hydroxide, Sodium Carbonate, SodiChloride, Distilled
water, crude oil

Apparatus: Test tube, graduated cylinder, weigkcaje

Procedure:

The mass of sodium hydroxide needed is calculasedyuhe following formula:

Mass = (volume x mass percentage) / (100 - masep&ge).

13



For example, to make a 1 percent solution usingn&Oof distilled water, this
equation used to determine the amount of sodiumoxydie to be used:
Mass=60x1/(100-1)=0.6¢g

The calculated amount of sodium hydroxide is wedgbe the scale. Distilled
water of 60 mL is poured into the test tube, and addium hydroxide. The
solution is mixed with the spoon or gently swirletiiest tube until the salt
dissolves completely. Then, the mass of sodiumri@as calculated using above
formula for example 1 percent solution in 60 mLrtregld into test tube. About
40mL crude oil (de-acidified and acidic) is measanel added into test tube to
make the solution 100 mL. The test tube is shaeketwaits for several minute
to see whether precipitation occurs or not. If phecipitation occurs, above step
is repeated until there is no precipitation. Thisgedure also applied to sodium
carbonate and is kept in oven af@0

*remark: solutions are made with mass percentage accordingajor papers

rather than molarity of the solution.

3.4.2 Objective Oriented Experiments
It is mean to achieve the objectives that have lse¢ump in this project. The experiments are as
follow:
3.4.2.1 Objective 1 experiment (To examine chamdesnd-point fluid relative permeability
changes using strong and weak alkali in low acialmer crude oil)
e Experiment 1: Core displacement test including ademaning, core saturating,
and core flooding using relative permeability systest.
e Materials: Tolune, Brine water (Sodium Chloridejuae oil, alkaline solution
(Sodium Hydroxide and Sodium Carbonate),
e Apparatus: Test tube, graduated cylinder, soxhigtetor
® Machine : Relative Permeability System £0re cleaning,
® Procedure :
Core cleaning
The Soxhlet distillation extraction method is usedlissolve and extract oil and

brine from rock core sample by using Toluene. Tleardiness of the sample was

14



determined from the colour of the solvent that eiph periodically from the
extractor which must be clear. The core samplepkaeed in the extractor and
cleaned by refluxing solvent. The solvent is heated vaporized in boiling flasks
and cooled at the top by condenser. The coole@sbliquid falls into the sample
chamber. The cleaned solvent fills the chambersaatted the core sample. Once
cleaned and dried in oven, the porosity and perifigatf the core samples were
measured.

Core Saturating

The core sample will undergo two saturating stafiestly with normal brine
water as pre-flush. The core permeability to brhmé be measured using a
constant rate pump. Then it will be flooded agaiithwcrude oil until both
samples are at the state of irreducible water aétur. Following this, the cores
are aged for 10 hours in order to approach wegmnglibrium. This process is oll
saturating process.

Core Flooding

After aging, brine of Sodium Chloride content waedi to flood and displaced the
oil. The process was conducted until a stable vasidil is established. Then, it
followed by a continuous flooding of the alkalingwgion in order to remove the
residual oil. Displacements runs were conductesgudi crude samples (de-

acidified) with 2 type alkalis which are sodium hgxide and sodium carbonate.

Experiment 2: Gas chromatographic test to traceafleehol in effluent after
flooding using Gas chromatographic machine.

Materials : Alkaline flooding effluent

Apparatus: Test tube

Machine : Gas chromatographic machine

Procedure: The effluent will be collected at the efi each run to be used in the
gas chromatographic analysis. The method for mextaf hydrocarbon and
alcohol also the capillary column diameter mustbermined in order to test the
effluent. The result obtain will be interpreted ating to its concentration and

selected peak to trace the alcohol whether metr@rethanol.
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3.4.2.2 Objective 2 experiment (To examine emulsion rébenof oil-in-water emulsion for

low and high acid number crude oil and relatiortwvdynamic interfacial tension)

Experiment 3: Emulsion retention test of oil-in-eatemulsion with alkaline
solution by measuring separation of oil layer agfion of time.

Materials : Brine water(Sodium Chloride), crude, @ilkaline solution (Sodium
Hydroxide and Sodium Carbonate),

Apparatus: Test tube, graduated cylinder

Procedure:

The mass of sodium hydroxide needed is calculasedyuhe following formula:
Mass = (volume x mass percentage) / (100 - masep&ge).

For example, to make a 1 percent solution usingn&Oof distilled water, this
equation used to determine the amount of sodiumoxyde to be used:
Mass=60x1/(100-1)=0.6¢g

The calculated amount of sodium hydroxide is weidgbe the scale. Distilled
water of 60 mL is poured into the test tube, andsaslodium hydroxide. The
solution is mixed with the spoon or gently swirlethest tube until the salt
dissolves completely. Then, the mass of sodiumriztdas calculated using above
formula for example 1 percent solution in 60 mLrtreeld into test tube. About
40mL crude oil (de-acidified and acidic) is measanel added into test tube to
make the solution 100 mL. The test tube is sha&ketimes at room temperature
then, it is put in oven at reservoir temperaturéciviis 70C and waits for several
minute. The emulsion is determined visually by meiag the oil separated from

the emulsion at 7C in every 12 hours period and carried out in thiags.

Experiment 4: IFT measurement test using spinningp dnethod for given
duration period to make correlation between dynaff€ and retention of
emulsion.

Materials : crude oil, alkaline containing brindwgmn (Sodium Hydroxide and
Sodium Carbonate)

Apparatus: Test tube, syringes

Machine : Spinning Drop Machine

16



Procedure: Dynamic IFT between aqueous solutiortagorbrine and alkaline

with oil sample is measured at°@with Reactivity index 1.3427 for aqueous
solution contain brine and sodium hydroxide and4223for aqueous solution
contain brine and sodium carbonate. The method issgginning drop and run in

500 minutes for every run to get the dynamic IFT.

3.4.2.30Dbjective 3 experiment (To investigate wettabibtyeration of alkaline flooding in

low acid number crude oil with respect to contauila)

Experiment 5: Contact angle measurement of fluidsphat core slice using
sessile drop.

Materials : crude oil, alkaline containing brindugmn (Sodium Hydroxide)
Apparatus: Test tube, syringes

Machine : IFT 700

Procedure: Contact angle between alkaline contgibinne solutions with oll
sample is measured at°@with 2000 Psia using sessile drop of IFT 700. The
core is sliced in range not more than 0.1 cm fer pheparation of surface in
sessile drop. The changes of contact angle witle t@fore and after alkaline

flooding as in the experiment 1 are recorded.

Figure 2.:: Acid extraction Figure 2.:: Acid extractior
experiment during mixing process experiment during gravity separat
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Figure 3. Acid number measureme
during solvent preparation process

Figure 3.: Acid numbe

measurement during titration process
Wi

Figure « Core slice saturation Figure & Compatibility test fol
preparation for sessile drop acidic and de-acidified crude oil

using different type of alkaline

Figure 6: Emulsion retention test
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CHAPTER 4
RESULT AND DISCUSSION

4.1 Acid Number Measurement

The result for this experiment is daadinto 3 which are the dulang crude oil, de-
acidified crude oil (dulang), and acidic crude (@ililang). The results of titration and pH value
are shown in table 3. The formula to calculate abel number by definition from the ASTM
D974 and ASTM D3339 book in 2005 is using belowrfala:

Acid number (mgKOH / g) =56.10 M (A-B)/W
A :Titration volume (ml) KOH solution required forréation of the sample
B :Blank level (0.1ml) KOH solution required for titran of the blank
M: Molarity (0.1)
W : Sample used (g)

From the result obtained, It can codelli that the AN for dulang can be considered as
low because from the literature stated that themmum acid should be around 1mg KOH/mg oil.
This is good condition for me to examine the real hcid number crude oil in alkaline flooding.
This result is already amended from the previopsmtedue to the unavailability of references of
ASTM book. The blank is performed by perform a klditration on 100ml at titration solvent
(which are toluene, ethanol, and distilled water 8.5ml at indicator solution, adding 0.1ml or
less increment at the 0.1M KOH solution. This resufht be different from previous work due
to different titration solvent that used in thispeximent. As for molarity the formula is as
follow: Molarity = Grams/(Molecular Weight X Volume

Crude oil Crude oil Volume of pH value pH value Acid number
weight titration alcoholic | before after mg KOH/mg
(gram) KOH (ml) titration titration oil

Dulang 10 2.0 5.8 7.3 1.066

De-acidified| 10 0.25 6.7 7.5 0.084

Acidic 10 8.5 3.0 7.0 4,712

Table 3: Result from acid number measurement US8iGM D974
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4.2 Acid Extraction

The result for this experiment shownwasction of acid-removal rate as follow:
Acid-removal rate: (1-AN (de-acidified)/AN (dulang)) x 100% according to (Lijuan, Benxian,
& Gongqun, 2008) so the result is 92.16%. But tbkume deacifed crude oil collected after
gravity separation is about 500ml only instead 60rBl approximate to 500g so, the volume

effeciency of the de-acidified crude oil is 89%.

From the result obtained, It can conctudeat this acid removal process is successful
because it can achieved more 9886 acid removal rate and89% of volume effeciency of

the de-acidified crude oil.

4.3 Compatibility Test

The result for this experiment is presentadtable 4.1 until table 4.4 and categorised
according to type of alkali. From the result ob&ainit can be concluded that the mastable
concentration for alkaline and brine 4% wt of Sodium Chloride and 1.5%wt of Sodium
Hydroxide and same goes @odium Carbonate. This is because according to literature review,
the excessive alkaline and brine will result in tehparticle precipitation. Comprehensive study
and comparison has been study from many journals data from dulang field related to
reservoir and fluid properties to short list théatle range of alkaline concentration and salinity

to be tested in this experiment.

For alkaline solution NaOH + NaCl

De-acidified crude oil

Trial 1

wt% of NaCl 0.5

wt% of NaOH 1

Length of microemulsion after 1 day 5.0 cm

Observation more stable emulsion more than 3 days
Trial 2

wt% of NacCl 1

wt% of NaOH 1.5
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Length of microemulsion after 1 da

y 6.0 cm

Observation

more stable emulsion more than 3 da

/s

Trial 3

wit% of NaCl 1.5
wt% of NaOH 2
Length of microemulsion after 1 day 6.3 cm

Observation

not stable emulsion only lasting iragd

Trial 4

wt% of NaCl 2
wit% of NaOH 2.5
Length of microemulsion after 1 day 6.3 cm

Observation

not stable emulsion only lasting i@

Table 4.1: Result from compati
Acidic Crudeail

bility test for-acidified crude oil in NaO

Trial 1
wt% of NaCl 0.5
wt% of NaOH 1
Length of microemulsion after 1 day 6.0 cm

Observation

more stable emulsion more than 3 da

/s

Trial 2

wt% of NaCl 1
wt% of NaOH 1.5
Length of microemulsion after 1 day 6.3 cm

Observation

more stable emulsion more than 3 da

y'S

Trial 3

wit% of NaCl 1.5
wt% of NaOH 2
Length of microemulsion after 1 day 6.7 cm

Observation

moderately stable emulsion lasting diays

Trial 4

wt% of NaCl 2
wt% of NaOH 2.5
Length of microemulsion after 1 day 7.0 cm

Observation

moderately stable emulsion lasting diays

Table 4.2: Result from compatibility test facidic crude oil in NaO

For alkaline solution NaCl + Na,COs3

De-acidified crude oil

Trial 1

wt% of NaCl

0.5

wt% of NaCGO;
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Length of microemulsion after 1 da

y 3.5cm

Observation

not stable emulsion lasting after 1 da

Trial 2

wt% of NaCl 1
wt% of NaCO; 1.5
Length of microemulsion after 1 day 3.7 cm

Observation

not stable emulsion lasting after 1 da

Trial 3

wt% of NaCl 1.5
wt% of NaCO; 2
Length of microemulsion after 1 day 4.0 cm

Observation

not stable emulsion lasting after 1 da

Trial 4

wit% of NaCl 2
wt% of NaCO; 2.5
Length of microemulsion after 1 day 4.1 cm

Observation

not stable emulsion lasting after 1 da

Table 4.3: Result from compatibility test for daetified crude oil in NaCO;

Acidic Crude ail

/s

Trial 1

wt% of NaCl 0.5

wt% of NgCO3 1

Length of microemulsion after 1 day 7.1 cm

Observation more stable emulsion more than 3 da
Trial 2

wt% of NaCl 1

wt% of NaCO3 1.5

Length of microemulsion after 1 day 7.6 cm

Observation

more stable emulsion more than 3 da

/s

Trial 3

wit% of NaCl 1.5
wt% of NaCQO; 2
Length of microemulsion after 1 day 8.0 cm

Observation

moderately stable emulsion lasting diays

Trial 4

wt% of NaCl 2
wt% of NaCQO; 2.5
Length of microemulsion after 1 day 8.3 cm

Observation

moderately stable emulsion lasting diays

Table 4.4: Result from compatibility test for acidirude oil in NagCO;
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4.4 Emulsion Retention test

The result for this experiment is presentefigure 7.1 until figure 7.7 for alkaline solution
1.5% NaOH and figure 8.1 until figure 8.6 for sabat 1.5% NaCQOs. In figure 9 showed the
percentage of oil separated from water. Firstpictures from the emulsion retention and there
is formation ofwinsor type 11 microemulsion in this experiment as shown in pictures. From
the pictures, it can be said that both acidic am@ddified microemulsions in alkaline solution
1.5% NaOH + 1% NaCl and alkaline solution 1.5%0&; + 1% NaCl are stable and lasting
more than 3 days except for de-acidified crudeatih NaCO;. Therefore, it is suitable to be
candidate for alkaline flooding even though thedamumber in de-acidified crude oil can be
considered very low. This finding is according tee tlatest finding even in zero value acid
number claimed that IFT could be reduced by addlkgli in the water (James J. Sheng, 2011, p
402). The most important finding is the formatiohnaicroemulsion which mean a system of
water, oil and an amphiphile which is a single cgity isotropic and thermodynamically stable
liquid solution (Danielsson, Lindman,1981, p391). dome respects, microemulsion can be
considered as small-scale versions of emulsionglelrtype in this experiment is dispersions of
oil-in-water, with a size range in the order of B-+m in drop radius. As for simple aqueous
systems, microemulsion formation is dependent ofastant type and structure. If the surfactant
is ionic and contains a single hydrocarbon chaa Sodium dodecylsulphate, microemulsions
are only formed if a co-surfactant like a mediuzesaliphatic alcohol and/or electrolyte like 0.2
M NaCl are also present. With double chain ionik® IAerosol-OT and some non-ionic
surfactants a co-surfactant is not necessary. Athie experiment, the in situ surfactant formed
during shacking process that result in spontanémusation of microemulsion. All of these are
result from most fundamental properties of microksions, that is, an ultra-low IFT between the
oil and water phases. As for this experiment, tir@alow IFT is not achieved and yet formation
of microemulsion still happened. This phenomenoreadly contradict from many journals and
can be considered as new finding in this projeattier studies must be done to investigate the

other causes contribute in its formation.

The result is also presented in graplydt the comparison between all runs. From the

graph, it can be concluded that microemulsion teiencompletely break mostly above 80
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hours. There is no water separation from the ewnlsi first 12 hours for acidic crude oil but

not for de-acidified crude oil.

As conclusion, the sodium carbonatuitable for acidic crude as it can form the loriges

period of microemulsion but for de-acidified cruniethe longest period is in sodium hydroxide

solution. Besides, the retention of emulsion forsig sodium hydroxide is better than sodium

carbonate because it takes long time for oil tcassp from water. The mechanism studied in

this experiment isemulsification so, it is proved that this mechanism contributedoovery

mechanism as it can lower the IFT and form stabieraamulsion.

appendix for detail references.

For crudeoil in alkaline solution 1.5% NaOH + 1% NaCl

L]
8P

.

Figure 7.1:
1 De-acidified crude
oil & 2. Acidic crude
oil After 1 hour

Figure 7.2:

1 De-acidified crude
oil & 2. Acidic crude
oil Day 2

Figure 7.3:
1 De-acidified crude
oil & 2. Acidic crude
oil Day 3
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Data is attached at the
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Figure7.4:
1 De-acidified crude
oil & 2. Acidic crude
oil Day 4



Figure 7.6:
1 De-acidified crude
oil & 2. Acidic crude
oil Day 6

Figure 7.5:
1 De-acidified crude
oil & 2. Acidic crude
oil Day 5

For crudeoil in alkaline solution 1.5% Na,CO3 + 1% NaCl

Figure 7.7:
1 De-acidified crude
oil & 2. Acidic crude
oil Day 7

Figure 8.1:
1 De-acidified crude oil & 2. Acidic crude oil
After 1 hour

Figure 8.2:

1 De-acidified crude oil & 2. Acidic crude oil

Day 2

Figure 8.3:
1 De-acidified crude oil & 2. Acidic crude oil
Day 3
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Figure 8.4:
1 De-acidified crude oil & 2. Acidic crude oil
Day 4



1 De-acidified crude oil & 2. Acidic crude oil

Figure 8.6:
1 De-acidified crude oil & 2. Acidic crude oil
Day 6
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4.5 Dynamic IFT test using spinning drop

The result is presented in graph to get traparison between all runs. The graph is shown
in figure 10.2. From the graph, it can be conclutieat thelowest value of IFT for both de
acidified crude oil and acidic crude oil is usinguaous solution witlsodium carbonate. To
calculate and compare the value, the rotationaoists must be set constant for all runs which

are 4000 rpm. The formula to calculate IFT usinigmsipg drop is as follow:

| .~ o
S IJ"'A;}{:F

!

v: Interfacial tension

r: radius of the drop (for this case, oil droplet)

p: density of the fluid

o: rotational velocities

At low rotational velocities, the fluid drop wilake on an ellipsoidal shape, but when a velocity
is sufficiently large, it will become cylindrical' he density different between agueous solution
and oil droplet is determined first before begia thn Under this latter condition, the radius of
the cylindrical drop is determined by the interéddension, the density difference between the
drop and the surrounding fluid, and the rotatiorebcity of the drop. The higher temperature
like 70°C other than an ambient temperature is set anedessary for controlling a proper
viscosity of the aqueous solution and crude oildam

The mechanism tested in this experimeremulsification so, it is proved that this
mechanism assisted in alkaline flooding by lowerihg IFT using Sodium Carbonate. This
latest finding needs to be investigated on therotheables or parameters such as fraction of
crude and type of acid exist which can contributeldwering the IFT because it is very
contradict with the emulsion retention test thasute in no correlation between emulsion
retention and dynamic IFT. Data for all runs andrfola is provided at the appendix for further

references and understanding.

Figure 1(.1: schematic of spinning drop mett
21



Dynamic IFT in function with time

45 +—
i —+— deacidified crude oil
4 o (Na2C03) —]
—a— deacidified crude oil
3.5 (NaOH) [ —

acidic crude oil (Na2C0O3)

—x— acidic crude oil (NaOH)

Dynamic IFT (m/Nm)

0 100 200 300 400 500 600

Time (minute)

Figure 1(.2: Dynamic IFT presented in graph in function of¢

4.6 Core displacement/flooding experiment.

The result is presented in picture, tablel, graph to get the comparison between 2 runs. The
pictures are shown in figure 11.1 — 11.3 for alalsolution 1.5% NaOH and figure 12.1-12.3
for alkaline solution 1.5% N&Os;. Table 5 showed the result from core flooding dbirruns.

Figure 13 showed the recovery factor comparisorafioruns and table 6 presented the volume
oil and water displaced and recovery factor forats.

From the pictures, the volume of realdaoil recovered is not consistent for example;
there is no oil inside dedicated cylinder 4-6 addirirun 1 plus the effluent suddenly become
clearer from 4-6. This is mainly because the atl@akolution taking different path inside core

plug which is not contains oil. Hence, there isreaction for in-situ surfactant formation and no
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residual oil recovery. For run 2, there is no realdoil recovered for the first 2 dedicated
cylinders and starting 3-12 volume of oil is rec@ee The volume of oil displaced after alkaline
flooding for run 1 is 1.1 ml and run 2 is 0.82 thadicate the sodium hydroxide give higher
recovery compare to sodium carbonate and this tresusupported by many journals and
previous work like (Larrondo, Urness, Milosz, 1986310) state that largest volume oil was
recovered by 0.3 wt% sodium hydroxide at all Pooduvhe 1. Other than that, the pressure drop
for run 1 is stable because might no precipitatiside core plug but for run 2 the pressure drop
is not stable and give higher different value bseaof the precipitation might happened inside

the core.

The result for end-point relative permeability andbility ratio for all runs are as follow:

Run ] 0.10¢ 0.08: 0.42: 0.29¢ 0.39: 0.252 0.18¢

Run 2 0.05] 0.01¢ 0.19¢ 0.06¢ 0.32( 0.28i 0.23(

Table 5 : Result from core flooding experimentdimuns

The reduction iend-point relative per meability of water after alkaline flooding show
that core plug become more water wet and the reu@h mobility ratio (<1) showed the
displacement is stable, a fairly sharp separatesibbile oil and water phases. These results also
suggest that swelling of the oil phase as a résarit emulsification of water might have aided in
mobilization and production of oil.

As conclusion, it can be said thatism hydroxide or NaOH give higher recovery of
residual oil in de-acidified crude oil compare wdsim carbonate or NE&O; as the recovery
factor of residual oil forrun 1 is 69.21% and run 2 is 66.40% which give the effective
incremental 0f11.03% for NaOH (Run 1) and 8.23% for N&COs; (Run 2) after alkaline
flooding. The mechanism investigated indirectlytlms experiment is wettability alteration as
stated from journal (Larrondo, Urness, Milosz, 1985310) the reduction in end-point relative
permeability of water after alkaline flooding shamwat core plug become more water wet. The
limitation of time and run is the main reason wiytlier studies must be done in order to do

comparison between acidic and de-acidified crudi¢ogperceive the major factor contribute in
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recovery mechanism whether emulsification by lomgrihe IFT or wettability changes in the
core after alkaline flooding by setting dulang e&ul as control value in this experiment. All

the related data for all runs is attached at appdodfurther references.

Run 1 (alkaline solution 1.5% NaOH + 1% NacCl)

Figure 11.1 Figure 11.2
Effluent from Oil Effluent from Wate
saturate flooding

(1% NaCl
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Figure 11.3 Effluent from Alkaline flooding in 1-Iédicated cylinder

Run 2 (alkaline solution 1.5% Na,COs3 + 1% NaCl)

~

- = ;
Figure 2.1 Figure 2.2
Effluent from Oil Effluent from Wate
saturate flooding
(1% NaCl
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Figure 12.3 Effluent from Alkaline flooding in 1-Idedicated cylinder
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Recovery after flooding
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Figure 13: Recovery factor comparison for all runs

Run 1
original oil in place/ml 9.97
Volume displaced oil after water flooding/ml 5.8
Volume displaced oil after alkaline flooding/ml 1.1
Recovery factor water flooding (%) 58.174
Recovery factor alkaline flooding (%) 69.207
Incremental recovery (%) 11.033

Run 2
original oil in place/ml 9.97
Volume displaced oil after water flooding/ml 5.8
Volume displaced oil after alkaline flooding/ml Q.8
Recovery factor water flooding (%) 58.174
Recovery factor alkaline flooding (%) 66.399
Incremental recovery (%) 8.225

Table 6: Volume oil and water displaced and recp¥actor for all runs
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End-Points Relative Per meability Calculation

General Darcy Law equation in Sl units,

kAdF
T ouodX
Q = Fluid flow rate (cm3/s)
K = Absolute permeability (Darcy)

i

A = Core area (cm2)

u = Viscosity (Cp)

dP = Pressure Difference, Pinlet — Poutlet (Atm)
dX = Core length between inlet to outlet point (cm)

Incorporate with relative permeability for watespliacement in oil using relative permeability
system. By considering all the conversion factad anit applied in that system, the equation
yield:

d?> AP
T[XTXWkaTW_q

1000 X TEF xux1l

Rearranging the whole equation in terms of relgteemeability to water,

1000 X TEF X L xpux1

60 k
d?2 AP oW
T[XTXka

In the core displacement or flooding, once residulals established prior to water flooding or
alkaline flooding, flow rate at the outlet is megsiito ensure a near steady —state condition is

achieved.

This is obtained once,

i injected fleld@inlet = q proguced fluld it outled
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This is significant in ensuring the equation fdatee permeability derived from Darcy Law valid,
as it requires a steady-state, isothermal, incossike, laminar flow.

Unit used in Relative Permeability System
TEF = Temperature Effect Factor, usually 1
g = flow rate (ml/min)

[ = viscosity (cp)

d = core length (cm)

| = core diameter (cm)

P = pressure (psig)

k = permeability (mD)

Calculation of mobility rations using the end-paint

_krw/p,

M=
krofu,

knw = Relative Permeability of water

ko = Relative Permeability of oil (assume 1 as atdied water, only oil flow, thus relative
permeability to oil is 1)

Mw = Viscosity of water

Mo = Viscosity of oil

This procedure is applied to all runs that caleultite end-points relative permeability and
mobility ration of either water or alkaline floodjn
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Figure 14.1: Pressure drop for for run 1
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4.7 Gas chromatographic test

The result is presented in table and gtapiet the comparison between 2 runs of effluent
after alkaline flooding. The graphs are shown gufe 15.1 and 15.2 and table 7. From the result
obtained in this test, it can be said that themxistence of alcohol in the effluent as claimed by
the previous work but there must be further rul&line flooding using only dulang crude oi
without extract the naphthenic acid also add cayloxacid as control value in this experiment
to compare the reading of concentration of alcohbé table show that concentration 0.0110 for
Run 1(NaOH) and 0.0842 for Run 2(T#;). The reason behind this very low concentration of
alcohol is due to not all ethanol react with 2-Hthydazole in removing naphthenic acid, hence

ethanol still remain in crude oil in very small aumb.

Previous work state that due to the presesfcinstable hydroxide ion dissolve in the
alkaline solution, theoretically, it could reacttiwthe carbon chain in the crude oil (Alkanes) to
formed alcohol components. Catalyst for this resctould be the high temperature and pressure
along with Ca/Mg/Fe/Al elements coming from the koaminerals. The possibility of the
generation of alcohol is due to the fact that cleamindustry produced alcohol based on if not
the same phenomena, with almost similar conditicgh ¥hhe temperature and pressure. But there
must be some specific catalyst for this reactite ICa/Mg/Fe/Al with high concentration not
depends on the core alone itself because it mightemough in producing alcohol. The
mechanism that indirectly studied in this experitmisnemulsification with respect to lowering
the IFT as stated in previous work by mixing dulangde oil with butanol, n-Heptane, and oleic
acid. When alcohol is mixed into the oil-water-dilka system, the lowest IFT achieved was

0.14 Dynes/cm at butanol concentration of 5% wit.

To measure the concentration of algothe ASTM method D5501 is used GC with
150-meter methyl silicone capillary column and subient oven temperatures to separate the
methanol and ethanol from the low-boiling hydrocer® While this approach is effective, the

run times are in excess of 40 minutes and the ndetguires the use of a cryogenic coolant.
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Figure 15.1: Gas chromatographic anslysis for efftun run :
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Figure 15.2: Gas chromatographic anslysis for efftun run 2
Run 1 Run 2
| Concentration of alcohol after alkaline floodingh@nol 0.011( 0.084:

Table 7 : Result from gas chromatographic teseftiuent

4.8 Contact angle measurement using sessile drop

The result is presented in picture andetdab get the comparison between 2 runs for
sodium chloride alone and sodium hydroxide plusiisandchloride. The pictures akhown in
figure 16.1 and figure 16.2 also table 8. From the result obtained in the experiment it showed that
before alkaline flooding, the core is more oil wet because the angle is more than 45 and the core
IS more water wet after alkaline flooding duetlie wettability alteration mechanism according
to many journals which results in the contact angle reduced to 43.92 which is less than 45. This
result is supported by many experts that advocegkadive permeability end-point observation

according to (Larrondo, Urness, Milosz, 1985, p )31ile reduction in end-point relative

39



permeability of water after alkaline flooding shtivat core plug become more water wet. Du
limitation of time and machine, only 2 runs obtalrfeom this experiment by sortinhe most
important runs only which is sodium chloride andlismm hydroxide because it give higt
recovery of residual oil compare to sodium carbenat order to investigate the wettabi
changes mechanism in alkaline flooding. Furthesmnust be obtned in future research to ¢

the clear comparison between types of alkali egfligavith respect to contact anc

le of crude
n t angle of crude «
e floodin
Contact angle after water flooding (1% Ne 48.99
Contact angle after alkaline flooding(1.5%NaOH+19Cl) 43.97
oding

4.9 Macroscopic displacement efficien

4.9.1 Reduction in Engdeint relative permeabili

Relative permeability is dimensionless and normatigasured relative to the be
permeability. The base permeability can be eitlhsolte permeability which is single phz
flow or permeability of certain fluid at inal water saturation. In core floodin2 phases
distribution result in characteristic wetting anon-wetting phase. The relative permeabi
can be summarized as ability 1 phase fluid to flow when there @&other 1 phase fluid
occupied or saturateché core End- point relative permeability for water Krw@Sor
determined from core flooding experiment at redidulasaturation when there is no more
being displaced by water and alkaline floodiFor all runs, engboint relative permeability ¢
water were reduceds mucl 23.15% for run 1 and 64.70% for runfrdm its original value
after alkaline flooding. This observation corresg®ro lower residual oil value for alkalil

flooding compare to water floodinReduction in engboint relative permebility value
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indicated that the flow favours for displacementodfas it reduced the by-passing of the

displacing which is alkaline solution hence theecplug become more water wet.

4.9.2 Reduction in Mobility ratio

Mobility, k/u, is defined as permeability of a pasomaterial to a given phase divided by
the viscosity of that phase. Mobility ratio, M, defined as mobility of the displacing phase
divided by the mobility of the displaced phase. Wheobility ratio less than 1, the
displacement is stable, a fairly sharp separatesntbbile oil and water phases, and the
permeability to water stabilizes fairly quickly. this case, alkaline is added in the brine water
to increase the viscosity from 1.010 cp to 1.120fapsodium hydroxide and 1.070 for
sodium carbonate. It is about 9.8% increment falilso hydroxide and 5.6% increment for
sodium carbonate. From experiment, the mobilitywater as displacing fluid is reduce due to
the end-point relative permeability of water deseeafter alkaline flooding and viscosity for
water increase after 1.5% wt alkaline is addedthtn other hand, the mobility of displaced
fluid is constant because end-point relative pebitiga of oil constant which is 1 by
considering only oil flow at residual water andodsity of oil is remain same due to only
dulang de-acidified present in the core. The miybiatio of run 1 and 2 after water flooding
is lower than 1 indicated the stable displacemémwmtlanside the core without any formation
of oil wormholes. In addition, the mobility ratid cun 1 and 2 were reduced after alkaline
flooding as much 30% for run 1 and 66% for rundnfrits original value that lead to better
and stable displacement and sweeping efficiencghlwvassociate a piston-like displacement to

displaced the oil inside the core.

4.9.3 Wettability alteration with respect to contact angl|

Wetting phase defined as phase occupied the snpalieropening at small saturation and
non-wetting phase occupied the central pore opsmivigich contribute matrerially to fluid
flow through the core. From the experimardntact angle of crude oil after water flooding is
48.99and after alkaline flooding is 43:9@r NaOH and it changes to be more water-wet even
in small amount of degree. When the wettabilitycimnged from oil-wet to water-wet, oil
recovery increases owing to favourable changes@ipmint relative permeability of water

because residual oil in a water-wet porous med&immimobile. This indicates that the water
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prefers to adhere to the rock surfaces, leadsetortbbilization of residual oil which initially
occupies the rock surface. This mechanism can berebd in de-acidified dulang crude oil as

it is not depend on the amount of acid presentude oil during displacement.

4.10Microscopic displacement efficiency

4.10.1 Emulsification by lowering interfacial teosi

The emulsion occurred when the IFT is lowered by fibrmation of in-situ surfactant
which origin from the reaction of alkali and carlgb& acid in the crude oil. From the
experiment result, the formation of microemulsiomser type Ill indicate that the IFT is
ultralow but the IFT measurement using spinningodmeethod contradict proved the IFT is
not achieving ultralow except for sodium carboratacidic crude oil which is below than 1.
As for other runs which is de-acidified and acididang crude oil with sodium hydroxide and
de-acidified dulang crude oil with sodium carbonpteved that the IFT is lowered after
alkaline was added in the water. This behaviouicatds that with low acid present, the
surface activities between alkaline and solutiotess thus leading to little bit higher IFT
compared to oil with higher acid component where WRT is greatly reduced. Thus this
situation is proved by latest finding that state@rein zero value acid number claimed that
IFT could be reduced by adding alkali in the wdames J. Sheng, 2011, p 402). When the
dynamic IFT reached ultralow, emulsification ocearr Even when dynamic IFT went up,
emulsified oil droplets did not easily coalescealkaline flooding, emulsification is instant,
and emulsions are very stable. From this emulsifingpoint of view, the dynamic minimum
IFT plays an important role in enhanced oil recgv@nce the residual oil droplets become
mobile owing to the instantaneous minimum IFT,dalesced to form a continuous oil bank.
The emulsification mechanism in alkaline floodirggmore favorable in high acid number

crude oil compared to low acid number crude oil.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

As conclusion, alkaline flooding is sassful even in de-acidified (Dulang) crude oil
which can be consider as very low acid number bexdle recovery factor of residual oil for
run 1 using sodium hydroxide as a alkali agent928% and run 2 using sodium carbonate is
66.40% which give the effective incremental of B2Ofor run 1 and 8.23% for run 2 after
alkaline flooding which result in sodium hydroxides the preferable type of alkali used in

alkaline flooding of low acid number crude oil.

The objectives of this project are accoshgd because reduction in end-point relative
permeability value indicated better displacemefitiehcy of oil, hence the core plug become
more water wet. Besides that, mobility ratio weeduced after alkaline flooding that lead to
better and stable displacement and sweeping eftigief residual oil. In addition, the formation
of microemulsions between alkaline solution andderwil are stable and lasting more than 3
days except for de-acidified crude oil with J8&; show that it helps in increase the recovery in
by mobilize the residual oil as it can lower thd I&nd form stable microemulsion event though
there is no correlation between lower IFT and stabicroemulsion. Furthermore, when the
contact angles before and after alkaline floodings whanges indicated the wettability was
changed from oil-wet to water-wet, oil recoveryremses owing to favourable changes in end-

point relative permeability of water.
Finally, the mechanisms of alkaline flamglinvestigated in this project are emulsification
and wettability alteration because this 2 mechan&g®m most obvious mechanism for this

chemical injection in EOR.

5.2 Finding and Recommendation
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After conducting all experiments, therensofindings during general experiment those are
different from the journal and previous experimditst is about the acid number measurement,
at first point it is very hard to determine the grant of titration since the solvent of crudeisil
dark. To fix this problem, pH meter used to meastite exact end point before the
phenolphthalein change from colorless to pink. Busafety factor, this experiment conducted
in fume hood to avoid any injury and hazardous.o8dcfinding is about acid extraction
experiment, during the gravity separation, the cidied oil is at the top position instead of at
the bottom according to journal. This is because dbnsity of crude oil is lighter than the

reagent and ionic liquid.

As for objective oriented experiment andt,tésere are 2 major findings which are the
formation of microemulsion and changes in contagi@of oil and water on rock surface. These
findings need to be investigated further in oraefind the cause for higher recovery of residual
oil. The result from this project can be improved &xpanded in big scale to examine the other
factor contribute in the mechanism and to justifg bbjectives achieved. First, Core flooding
must be conducted using core samples where thmalrigettability and reservoir fluida are still
intact and at its initial state also more runseiguired because it will gives better illustratidn o
effectiveness of alkaline flooding of low acid nuenlzrude oil. Second, wide range of crude oil
other than dulang with different properties andedént concentration of alkali in measuring the
IFT, contact angle, and recovery from flooding expent so the findings and results from this
experiment is applicable to various type of crudeThird, the alkaline consumption test must
be conducted in order to investigate the absorptade of alkali inside the core. Finally, the
alcohol traced using gas chromatography machirkisnexperiment must be further studied by

comparison of result using original dulang crude oi
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APPENDIXS

1. Propertiesof fluid at 70 degree Celcius

Density of crude oil (de-acidified) g/cc 0.79¢4
Density of crude oil (acidic) g/cc 0.809
Density of brine (1% NacCl) g/cc 1.010
Density of alkaline (1% NaCl + 1.5% NaOH) g/cc 102
Density of alkaline (1% NaCl + 1.5% M20s) g/cc 1.019
Viscosity of crude oil (de-acidified) cp 3.960
Viscosity of crude oil (acidic) cp 4.170
Viscosity of brine (1% NacCl) cp 1.010
Viscosity of alkaline (1% NaCl + 1.5% NaOH) cp 1012
Viscosity of alkaline (1% NaCl + 1.5% NaOs) cp 1.070
Reactivity Index of alkaline (1% NaCl + 1.5% NaOH) 1.3427
Reactivity Index of alkaline (1% NaCl + 1.5% J2s) 1.3422
2. Coreflooding input data for all runs

Flow rate (ml/min 1.t
Temperature/celcit 7C
Inlet Pressure (initial condition)/ps 100(¢
Overburden Pressure (initial condition)/y 150(
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2. Length of water separated from oil and its per centage

For alkaline solution 1.5%
NaOH + 1% NaCl

Acidic crude oil

Time/hour 0 1 12 24 36 48 60 72 84
length oil/cm 4.5 2.2 2.2 2.6 3 3 3.4 3.4 3.5
length microemelusion/cm 0 7.1 7.1 6.5 24 2.4 1.4 1.4 1.3
length water/cm 7.3 2.5 2.5 2.7 6.4 6.4 7 7 7
total length/cm 11.8 11.8 11.8 11.8 11.8 11.8 11.8 11.8 11.8
percentage oil separate from  10g 48.89 48.89 57.78 66.67 66.67 75.56 75.56 77.78
water %

De-acidified crude oil

Time/hour 0 1 12 24 36 48 60 72 84
length oil/cm 4.5 2.2 2.5 2.6 2.8 3 3 3.2 3.4
length microemelusion/cm 0 7.1 6.3 6 5 4.5 3.8 35 3.2
length water/cm 7.3 2.5 3 3.2 4 4.3 5 5.1 5.2
total length/cm 11.8 11.8 11.8 11.8 11.8 11.8 11.8 11.8 11.8
percentage oil separate from  10g 48.89 5556 | 57.78|  62.22 66.67 66.67 71.11 75.56
water %
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For alkaline solution 1.5%
Na,CO; + 1% NacCl

Acidic crude oil

Time/hour 0 1 12 24 36 48 60 72 84
length oil/cm 1.6 13 1.3 1.4 15 15 1.6 1.6 1.6
length microemelusion/cm 0 1 1 0.8 0.7 0.7 0.4 0.2 0.1
length water/cm 2.4 1.7 1.7 1.8 1.8 1.8 2 2.2 2.3
total length/cm 4 4 4 4 4 4 4 4 4
percentage oil separate from 199 81.25 81.25 87.5 93.75 93.75 100 100 100
water %

De-acidified crude oil

Time/hour 0 1 12 24 36 48 60 72 84
length oil/cm 1.6 1 11 13 15 1.55 1.55 1.6 1.6
length microemelusion/cm 0 0.8 0.7 0.4 0.2 0.05 0.05 0 0
length water/cm 2.4 2.2 2.2 2.3 2.3 2.4 2.4 2.4 2.4
total length/cm 4 4 4 4 4 4 4 4 4
percentage oil separate from} 100 62.5 68.75 81.25 93.75 96.87% 96.87 10( 10
water %
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3. Dynamic IFT measurement in 500 minute for de-acidified and acidic crude oil

For De-acidified crude oil in alkaline solution 1.5% Na,COs + 1% NaCl

1 2.614 4000
2 2.614 3999.6
3 2.643 4000.1
4 2.63 3999.9
5 2.6 4001
6 2.614 4000.6
7 2.615 4000.2
8 2.524 4000.2
9 2.642 4000.2
10 2.634 4000
11 2.635 3999.9
12 2.608 4000.1
13 2.503 4000.8
14 2.491 4000.2
15 2.61 4000
16 2.621 4000.9
17 2.608 4000.6
18 2.607 4000.8
19 2.645 4000.1
20 2.537 4000.8
21 2.625 4000.6
22 2.497 4000
23 2.498 4000.2
24 2.508 4000.6
25 2.612 4000.8
26 2.653 3999.9
27 2.644 4000.2
28 2.508 4001.2
29 2.616 4001.2
30 2.535 4000.6
31 2.52 4000.6
32 2.505 4000.1
33 2.615 4000.7
34 2.515 4000.5
35 2.522 4000.5
36 2.502 4000
37 2.52 4000
38 2.52 4000.6
39 2.536 4000.7
40 2.543 4000.7
41 2.551 4001.2
42 2.521 4000.5

43 2.534 4001.2 87 2.399 4001.5 131 2.517 3999.9
44 2.502 4000.8 88 2.494 4000.2 132 2.616 4000.2
45 2.52 4000 89 2.528 4000.6 133 2.499 4000
46 2.522 4000.3 90 241 4000.3 134 2.532 4000
47 2.546 4000.7 91 2.434 4000.7 135 2.388 4000.3
48 2.536 4000.1 92 2.552 4000.5 136 2.53 4000.7
49 2.56 3999.9 93 2.54 4000.5 137 2.496 4000.1
50 2.519 4000.6 94 2.555 4000.6 138 2.507 4000.5
51 2.546 4000.6 95 2.396 4000 139 2.511 3999.6
52 2.544 4001.2 96 2.499 4000.6 140 2.528 3999.9
53 2.536 3999.4 97 2.545 3999.8 141 2.535 4000.2
54 2.524 4000 98 2.556 4000.3 142 2.533 4000.3
55 2.523 4000.5 99 2.495 4000.5 143 2.537 4000.7
56 2.548 3999.9 100 2.53 4000.5 144 2.551 4000.3
57 2.548 4000.6 101 2.496 4000.6 145 2.566 4000.2
58 2.507 3999.9 102 2.496 4000.9 146 2.548 4000.2
59 2.575 4000.9 103 2.513 4000.2 147 2.523 4000.2
60 2.548 4000.3 104 2.515 3999.8 148 2.535 4000.6
61 2.509 4000.6 105 2.538 4000 149 2.558 4000.9
62 2.494 4000.1 106 2.494 4000.8 150 2.543 4001
63 2.514 3999.9 107 2.525 4000.8 151 2.541 4000.1
64 2.494 3999.9 108 2.412 4000.6 152 2.498 4000.5
65 2.536 4000.6 109 2.414 4000.6 153 2.498 4000.5
66 2.499 4000.9 110 2.485 4000 154 2.498 4000.6
67 2.5 4000.3 111 2.404 4000 155 2.501 3999.9
68 2.499 4000.3 112 2.434 3999.6 156 2.523 4000.5
69 2.494 3999.9 113 2.492 4000.5 157 2.526 4000
70 2.523 4000.5 114 2.563 3999.9 158 2.529 4000.6
71 2.52 4000.5 115 2.542 4000.5 159 2.443 4000.2
72 2.518 4000.2 116 2.516 4000.6 160 2.429 4000.2
73 2.519 4000.2 117 2.502 4000.2 161 2.398 4000.2
74 2.52 4000 118 2.524 4000.6 162 2.399 4000
75 2.535 4000.3 119 2.49 4000 163 2.422 3999.9
76 2.529 3999.9 120 2.523 4000.1 164 2.414 4000.2
77 2.536 4000.1 121 2.524 3999.9 165 2.458 4000.6
78 2.496 4000.2 122 2.513 4000.2 166 2.408 4000
79 2.534 4000.2 123 2.524 4000.6 167 2.439 3999.6
80 2.497 4000.6 124 2.546 4000.6 168 2.314 4000.6
81 2.543 4000.6 125 2.52 4000 169 2.307 4000
82 2.545 4000.3 126 2.55 4000.2 170 2.42 4000.5
83 2.543 4000.7 127 1.969 3999.9 171 241 4000.2
84 2.514 4000.7 128 2.501 4000.5 172 2.433 4000.5
85 2.528 3999.9 129 2.541 3999.9 173 2.4 4000.2
86 2.502 4000.5 130 2.554 4000.6 174 2.418 4000.2
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175 2.423 4000.6 223 2.31 4000.3 271 2.417 4000 319 2.457 4000
176 2.421 4000.2 224 2.435 4000.1 272 2.412 4000 320 2.392 4000.3
177 241 4000.3 225 2.401 4000.5 273 2.331 4000.2 321 2.436 4000.1
178 2.433 4000.2 226 2.433 4000.8 274 2.409 4000.7 322 2.437 4000.1
179 2.37 4000.8 227 2.437 4000.2 275 2.397 4000.1 323 2.42 3999.9
180 2.409 4000 228 2.403 4000.2 276 2.408 4001.2 324 2.444 3999.9
181 2.293 4000.2 229 2.407 4000.6 277 2.294 4000.1 325 2.442 4000.2
182 2.309 4001.5 230 2.427 4000.3 278 2.435 4000.2 326 2.414 4000.2
183 2.399 4000 231 2.393 4000.1 279 2.452 4000.6 327 2.414 4000.9
184 2.408 4000.1 232 2.352 4000.5 280 2.333 4000.2 328 2.467 3999.8
185 2.452 4000.2 233 2.309 4000.2 281 2.474 4000.5 329 2.469 4000.7
186 2.415 4000.8 234 2.339 4000.9 282 2.494 4000.1 330 2.398 4000.5
187 2.424 4000.6 235 2.316 4000.9 283 2411 4000.5 331 2.452 3999.9
188 2412 4000.2 236 2.301 4000.6 284 2.391 4000.5 332 2.439 4000
189 2.519 4000.9 237 2.285 4000.7 285 2.425 4000.6 333 2.435 4000.2
190 2.437 4000.9 238 2.303 4000.1 286 2.402 4000.9 334 2.439 4000
191 2.394 4000.3 239 2.292 4000.1 287 2.44 4000.2 335 2.303 4000.3
192 241 4000.5 240 2.327 4000.1 288 2.43 4000.7 336 2.402 4000
193 2.534 4000.8 241 2.345 3999.9 289 2.437 3999.4 337 2.451 4000.1
194 2.427 3999.9 242 2.437 4000.2 290 2.438 3999.8 338 2.453 3999.9
195 2.5 4000.2 243 2.394 4000.9 291 2.428 4000.5 339 2.39 4000.2
196 2.502 4000.3 244 2.3 3999.6 292 2.544 4000.2 340 2.447 4000.9
197 2.554 4000.6 245 2.44 4000.3 293 2.412 4000 341 2.446 4000.6
198 2.52 3999.6 246 2.449 4000.5 294 2.45 4000.6 342 2.405 4000.3
199 2.574 4000.5 247 2.426 4000.1 295 2.444 4000 343 2.454 4000.2
200 2.537 4000.1 248 2.44 4000.6 296 2.47 3999.6 344 2421 4000.5
201 2.541 3999.9 249 2.392 3999.9 297 2.455 4000.5 345 2.39 4000.8
202 2.537 3999.9 250 2.452 4000.2 298 2.401 3999.8 346 2.435 4000.5
203 2.518 4000.2 251 2.432 4000.3 299 2.397 3999.9 347 2.386 4000
204 2.532 4000.2 252 2.448 4000.3 300 2.396 4000.2 348 2.44 4000.9
205 2.529 4000.3 253 2.396 4002.3 301 2.4 4000.9 349 2.409 4000
206 2.53 4000.5 254 2.389 4000.1 302 2.421 3999.6 350 2.391 4000
207 2.504 4000.1 255 2.392 4000.5 303 2.432 4000.7 351 2.473 4000.7
208 2.551 4000.3 256 2.453 4000.2 304 2.434 4000.2 352 2.393 4000.2
209 2.498 4000.6 257 2.427 4000 305 2.413 4000.2 353 2.425 4000.2
210 2.502 4001.2 258 2.394 4000.5 306 2.395 4000.2 354 2.429 4000
211 2.5 3999.4 259 2.39 4000 307 2.559 4000.5 355 2.402 4000
212 2.521 4000.3 260 2.394 4000.7 308 2.418 3999.8 356 2.405 4000.6
213 2.517 4000.6 261 2.395 4000.8 309 2.423 3999.9 357 2.437 4000
214 2.527 4000.6 262 2.395 4000.5 310 2.53 4000.2 358 2.4 3999.9
215 2.44 4000.8 263 2.395 4000.2 311 2.423 3999.9 359 2.413 4000.2
216 2.502 3999.9 264 2.441 4000 312 2.396 4000.9 360 2.437 4000.8
217 2.433 3999.9 265 2.436 4000.6 313 2.434 4000.3 361 2.418 4000.2
218 2.472 4000.5 266 2.389 4000.2 314 2.413 3999.8 362 2.394 4000.2
219 2.33 4000.3 267 2411 4001 315 2.409 4000.7 363 2.4 4000.9
220 2.426 4000.6 268 2.405 4000.3 316 2.469 4000.1 364 2.312 4001.3
221 2.427 4000.6 269 2.404 4000.5 317 2.469 4000.2 365 2.4 4000.5
222 2.44 3999.9 270 2.44 4000.2 318 2.539 4000.6 366 2.322 4000.8
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367 | 2.437 | 4000.8 401 | 2.294 | 4000.2 435 | 2.296 | 4000.3 469 | 2.329 | 4000.6
368 | 2.433 | 4000.6 402 | 2.304 | 4000.2 436 | 2.296 | 4000.1 470 | 2.321 4000
369 | 2.424 | 4000.2 403 | 2.309 4000 437 | 2.291 | 4000.1 471 | 2.326 | 3999.8
370 | 2.414 | 4000.6 404 2.29 4000 438 | 2.301 | 4000.6 472 | 2.333 | 4000.7
371 | 2.321 | 40015 405 | 2.317 | 4000.9 439 | 2.311 | 4000.6 473 | 2.317 | 4000.1
372 | 2.334 | 4000.1 406 | 2.416 | 4000.8 440 | 2.316 | 4000.2 474 | 2.301 | 4000.5
373 | 2.395 | 4000.5 407 | 2.288 | 4000.1 441 | 2.289 | 4000.2 475 | 2.308 | 4000.6
374 | 2.392 | 4000.5 408 | 2.293 | 4000.5 442 | 2.297 | 4000.7 476 | 2.321 | 4000.2
375 | 2.395 4000 409 | 2.299 | 4000.2 443 | 2.312 | 4000.5 477 | 2.327 4000
376 | 2.388 | 4000.6 410 | 2.302 | 4000.9 444 | 2.333 | 4000.5 478 | 2.297 | 4000.1
377 2.43 | 4000.3 411 | 2.302 | 4000.9 445 | 2.303 | 4000.5 479 | 2.319 4000
378 | 2.401 4000 412 2.29 | 4000.6 446 | 2.316 | 4000.6 480 | 2.295 | 4000.8
379 | 2.399 | 4000.3 413 | 2.336 | 3999.8 447 | 2.328 | 4000.2 481 | 2.295 | 4000.8
380 | 2.436 | 4000.5 414 2.31 | 4000.3 448 | 2.327 4000 482 | 2.332 | 4000.6
381 | 2.403 | 4000.1 415 | 2.301 | 4000.5 449 | 2.309 | 4000.6 483 | 2.327 | 4000.6
382 | 2.343 | 3999.9 416 | 2.336 | 3999.9 450 | 2.294 | 4000.1 484 | 2.436 | 4000.2
383 | 2.313 | 4000.2 417 | 2.322 | 4000.2 451 | 2.302 | 4000.7 485 | 2.297 | 4000.3
384 | 2.321 | 4000.6 418 | 2.333 | 4000.2 452 | 2.325 | 4000.5 486 | 2.316 | 4000.9
385 | 2.335 | 4001.9 419 | 2.323 | 4000.6 453 | 2.326 | 4000.1 487 | 2.322 | 4000.5
386 | 2.284 4000 420 | 2.295 | 3999.8 454 | 2.221 | 4000.2 488 2.32 | 3999.8
387 | 2.334 | 4000.2 421 | 2.312 | 4000.5 455 | 2.311 | 4000.6 489 | 2.447 | 4000.2
388 | 2.288 | 4000.8 422 | 2.302 | 4000.5 456 | 2.335 4000 490 | 2.327 | 4000.2
389 | 2.302 | 4000.6 423 | 2.312 | 4000.1 457 | 2.305 4001 491 | 2.317 | 4000.9
390 | 2.324 | 4000.6 424 | 2.291 | 4000.6 458 | 2.319 | 3999.8 492 | 2.307 4000
391 | 2.293 | 4000.3 425 | 2.307 | 4000.2 459 | 2.329 | 4000.5 493 | 2.325 4000
392 | 2.331 | 4000.5 426 | 2.297 4000 460 | 2.316 | 3999.5 494 | 2.416 | 4000.8
393 | 2.339 | 3999.8 427 | 2.317 4000 461 | 2.314 | 4000.6 495 | 2.295 | 4000.1
394 | 2.338 | 4000.2 428 | 2.321 | 4000.3 462 | 2.329 | 4000.2 496 | 2.332 | 3999.9
395 | 2.293 | 3999.9 429 2.3 4000.1 463 | 2.319 4000 497 | 2.296 | 4000.6
396 | 2.382 4000 430 | 2.293 | 4000.1 464 | 2.308 | 4000.3 498 | 2.344 | 4000.9
397 | 2.295 | 4000.2 431 | 2.298 | 3999.9 465 2.29 4000 499 | 2.293 4000
398 | 2.292 | 3999.6 432 | 2.309 | 4000.2 466 | 2.324 | 4000.8 500 | 2.297 | 4000.9
399 | 2.292 | 4000.5 433 | 2.331 | 4000.9 467 | 2.323 | 3999.9
400 | 2.315 | 4000.1 434 | 2.297 | 4000.3 468 | 2.297 | 4000.6
For De-acidified crude oil in alkaline solution 1.5% NaOH + 1% NacCl
_ 9 4.028 | 4000.3 19 | 4.353 [4000.2 29 | 4.346 [3999.5
10 4.359 | 3999.7 20 | 4.386 | 4000.1 30 | 4.328 |3999.8
1 3.962 | 4000.1 11 4.362 | 4000 21 4392 | 3999.8 31 4.395 | 3999.3
2 3.967 | 4000.4 12 4.355 | 4000.1 22 4.397 | 3999.8 32 4.393 | 4000.2
3 3.959 | 39995 13 4.362 | 3999.5 23 4.435 | 4000 33 4.328 | 3999.7
4 3.953 | 4000.4 14 4.352 | 3999.1 24 | 4.299 | 3999.6 34 | 4.344 |3999.7
5 3.957 | 4000.4 15 435 |3999.8 25 4.441 | 3999.5 35 4.399 | 4000.4
6 3.942 |3999.1 16 4.35 | 3999.3 26 435 |3999.7 36 4.466 | 3999.3
7 3.966 | 4000.3 17 4.371 | 4000.3 27 431 | 3999.7 37 4.395 | 4000
8 3.964 | 3999.7 18 4.389 | 4000.3 28 4.323 | 4000.1 38 4.399 | 4000
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39 4.469 | 4000.1 87 4.553 | 3999.7 135 4.484 | 3999.7 183 4.561 | 4000.8
40 4.398 | 4000.1 88 4.49 3999.7 136 4.483 4000 184 4.551 | 4000.3
41 4.454 | 3999.5 89 4.479 | 3999.7 137 4.526 | 3999.4 185 4.556 | 4000.1
42 4.463 | 3999.5 90 4.475 | 3999.5 138 4.505 | 4000.3 186 4.545 | 3999.5
43 4.406 | 3999.4 91 4.476 | 3999.8 139 4.48 3999.5 187 4.558 4000
44 4.442 | 4000.1 92 4.479 | 3999.4 140 4.514 | 3999.8 188 4.597 4000
45 4.519 | 4000.1 93 4.553 | 3999.4 141 4511 | 3999.7 189 4.552 | 4000.1
46 4.498 | 3999.3 94 4.481 | 3999.1 142 4.492 | 3999.7 190 4.561 | 4000.3
47 4.474 4000 95 4.425 | 3999.8 143 4.483 | 3999.7 191 4555 | 3999.7
48 4.487 | 3999.4 96 4.555 4000 144 4.497 | 4000.2 192 4.597 | 4000.1
49 4.47 4000.1 97 4.578 3999 145 4.503 | 3999.3 193 4.556 | 4000.2
50 4.408 | 4000.4 98 4.578 | 4000.1 146 4.508 | 4000.3 194 4.563 | 3999.4
51 4.445 | 3999.8 99 4.478 | 3999.6 147 4.508 | 3999.8 195 4.584 | 4000.1
52 4.403 | 3999.5 100 4.516 | 3999.5 148 4.509 | 3999.5 196 4.55 4000.1
53 4.416 | 4000.3 101 4.567 | 4000.4 149 4515 | 3998.9 197 4.561 | 3999.5
54 4.416 | 3999.4 102 4.564 | 4000.2 150 4.502 | 3999.3 198 4.601 | 3999.8
55 4.521 | 4000.1 103 4.551 | 3999.5 151 4.577 | 3999.4 199 4.554 | 3999.6
56 4.406 | 3999.8 104 4.584 | 4000.1 152 4.481 | 3999.4 200 4.553 | 3999.6
57 4.419 | 3999.5 105 4.526 | 3999.1 153 4517 | 3999.7 201 4.557 | 4000.3
58 4.422 | 4000.2 106 4.479 | 3999.1 154 4.584 | 3999.7 202 4.557 | 4000.7
59 4.482 | 4000.3 107 4.521 | 4000.3 155 4.56 4000.1 203 4.577 | 4000.4
60 4.495 | 3999.8 108 4.513 4000 156 4.509 | 3999.5 204 4.554 | 4000.1
61 4.491 | 3999.5 109 4.557 | 4000.1 157 4.554 | 3999.5 205 4.556 | 3999.7
62 4.467 | 3999.8 110 4.502 | 3999.1 158 4.599 | 4000.1 206 4.592 4000
63 4.477 | 3999.8 111 4.493 | 3999.3 159 4.578 | 3999.7 207 4.565 | 4000.4
64 4.475 | 4000.7 112 4.562 | 3999.6 160 4.647 | 4000.4 208 4.559 | 3999.8
65 4.471 | 4000.3 113 4.486 | 3999.4 161 4.504 | 3999.6 209 4.601 | 4000.2
66 4.488 | 3999.7 114 4.492 | 3999.7 162 4.484 | 4000.1 210 4572 | 3999.7
67 4.468 | 4000.1 115 4.558 | 4000.1 163 4.489 | 3999.7 211 4.61 3999.7
68 4.465 | 4000.1 116 4.495 | 4000.1 164 4.571 | 3999.7 212 4591 | 4000.1
69 4.435 3999 117 4.489 | 3999.7 165 4.507 | 3999.7 213 4.584 | 4000.1
70 4.482 | 4000.3 118 4.558 | 3999.1 166 4.503 4000 214 4.578 | 4000.3
71 4.485 | 3999.7 119 4.574 3999 167 4.563 | 3999.7 215 4.572 | 4000.1
72 4.484 | 3999.7 120 4.559 | 4000.5 168 4.496 | 3999.7 216 4.556 | 3999.7
73 4.487 | 3999.7 121 4.549 | 4000.1 169 4.564 | 4000.4 217 4.577 | 3999.6
74 4.476 3999 122 4.56 4000.1 170 4.559 | 4000.4 218 4.56 3999.7
75 4.495 | 3999.5 123 4.561 | 4000.1 171 4.557 | 3999.8 219 4.562 | 3999.7
76 4.476 | 3999.1 124 4.555 | 3999.8 172 4.561 | 3999.7 220 4.584 | 3999.7
77 4.565 4000 125 4.553 4000 173 4.564 | 3999.7 221 4.576 | 3999.8
78 4.478 | 4000.4 126 4.548 | 3999.7 174 4.513 | 4000.1 222 4.569 | 4000.2
79 4.483 | 3999.8 127 4.547 | 4000.1 175 4.565 | 3999.7 223 4.558 | 4000.3
80 4.483 4000 128 4.552 | 4000.7 176 4.562 4000 224 4.564 | 4000.1
81 4.542 4000 129 4.551 | 3999.7 177 4.564 | 4000.1 225 4.562 | 3999.3
82 4.54 3999.4 130 4.553 | 4000.1 178 4.516 | 4000.7 226 4.601 | 3999.7
83 4.479 | 4000.3 131 4.507 | 3999.7 179 4.553 | 3999.5 227 4.57 3999.7
84 4.55 3999.7 132 4.554 | 3999.4 180 4.563 | 3999.7 228 4.58 3999.7
85 4.555 | 3999.6 133 4.486 | 4000.7 181 4.56 3999.5 229 4573 | 3999.7
86 4.472 | 3999.4 134 4.513 | 3999.1 182 4.568 | 3999.7 230 4.574 | 4000.2
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231 4.604 4000 279 4.609 | 4000.3 327 4.591 | 3999.6 375 4.671 | 3999.7
232 4.574 | 4000.3 280 4.621 | 4000.5 328 4.664 | 4000.3 376 4.595 | 4000.3
233 4.598 | 4000.1 281 4.584 | 3999.7 329 4.568 | 3999.7 377 4.614 4000
234 4.618 | 3999.7 282 4.585 | 4000.2 330 4.675 | 4000.4 378 4.574 3999
235 4.579 | 3999.8 283 4.582 4000 331 4.584 | 3999.3 379 4.596 | 4000.4
236 4.575 | 3999.6 284 4.664 | 3999.4 332 4.64 4000.1 380 4.6 4000.1
237 4.566 | 4000.9 285 4.588 | 3999.6 333 4.574 | 3999.7 381 4.586 | 3999.5
238 4.568 4000 286 4.657 | 3999.8 334 4.643 | 3999.5 382 4.572 | 4000.3
239 4581 | 3999.5 287 4.577 | 4000.1 335 4.597 | 4000.1 383 4.603 | 3999.4
240 4.56 3999.6 288 4.587 | 4000.7 336 4.589 | 4000.1 384 4.591 | 4000.4
241 4.564 | 3999.7 289 4.599 | 3999.8 337 4.642 | 3999.7 385 4.673 | 4000.3
242 4.581 | 4000.1 290 4.601 | 3999.3 338 4.579 | 4000.5 386 4.65 3999.7
243 4.595 | 3999.3 291 4.591 | 4000.3 339 4.637 | 3999.6 387 4.582 | 3999.5
244 4.593 | 3999.6 292 4.643 | 3999.6 340 4.602 | 4000.3 388 4.572 | 3998.6
245 4.588 | 3999.4 293 4.584 | 3999.7 341 4581 | 3999.7 389 4.59 4000
246 4.585 4000 294 4.638 | 3999.7 342 4.582 | 3999.3 390 4.593 4000
247 4.589 | 3999.5 295 4.598 | 3999.6 343 4.588 | 4000.2 391 4591 | 3999.1
248 4.594 | 4000.1 296 4.596 | 4000.2 344 4.673 | 3999.7 392 4.582 | 4000.4
249 4.626 | 3999.3 297 4.593 | 3999.3 345 4.696 | 3999.8 393 4.573 | 4000.4
250 4.56 4000 298 4.59 3999.5 346 4.585 | 3999.8 394 4.583 | 3999.5
251 4.585 4000 299 4.571 | 3999.6 347 4.575 | 3999.1 395 4593 | 3999.5
252 4.601 | 3999.4 300 4.607 | 3999.6 348 4.584 | 4000.1 396 4.711 | 3999.6
253 4.592 4000 301 4.575 | 4000.1 349 4.591 | 4000.1 397 4.638 | 3999.6
254 4.607 | 3999.8 302 4.589 | 4000.4 350 4.67 3999.4 398 4.577 | 4000.4
255 4.58 4000.1 303 4.566 | 3999.6 351 4.589 | 4000.4 399 4.574 | 3999.7
256 4.618 | 3999.5 304 4.584 | 4000.7 352 4.648 | 3999.7 400 4.641 4000
257 4.569 | 3998.9 305 4.611 | 3999.7 353 4.645 4000 401 4.654 | 3999.7
258 4.579 4000 306 4.584 | 3999.5 354 4.587 | 3999.7 402 4.576 | 3999.5
259 4.599 | 3999.4 307 4.691 4000 355 4.578 | 3999.4 403 4.59 4000.1
260 4.605 | 3999.7 308 4.648 | 3999.7 356 4.59 4000.4 404 4.657 | 3999.6
261 4592 | 3999.7 309 4.593 | 3999.5 357 4.593 | 3999.4 405 4.614 | 4000.2
262 4.57 3999.8 310 4.573 4000 358 4.637 | 3999.7 406 4.575 | 4000.1
263 4.596 | 3999.4 311 4.648 | 3999.7 359 4.641 | 4000.3 407 4.675 4000
264 4.59 4000.1 312 4.578 | 3999.8 360 4.588 | 3999.7 408 4.697 | 4000.1
265 4.596 | 3999.5 313 4.584 | 3999.3 361 4.685 | 4000.3 409 4.608 | 4000.4
266 4598 | 3999.7 314 4.615 | 4000.1 362 4.592 4000 410 4.604 | 4000.2
267 4.579 4000 315 4.595 | 3999.5 363 4.576 | 3999.7 411 4.588 4000
268 4.589 | 3999.6 316 4.58 3999.5 364 4.668 | 4000.3 412 4.593 | 4000.3
269 4.604 | 4000.4 317 4.64 4000.1 365 4.67 3999.5 413 4.66 3999.5
270 4.578 | 3999.5 318 4.611 | 4000.2 366 4.594 | 3999.7 414 4.668 3999
271 4.638 | 3999.6 319 4.593 | 3999.6 367 4.599 | 3999.5 415 4.579 | 3999.4
272 4592 | 4000.7 320 4.593 4000 368 4.639 | 3999.7 416 4.709 | 3999.8
273 4572 4000 321 4.596 | 3999.7 369 4.669 | 4000.7 417 4.607 | 3999.1
274 4.575 | 3999.7 322 4.643 | 3999.7 370 4.675 | 3999.3 418 4.598 4000
275 4.599 | 4000.4 323 4.598 | 3999.4 371 4.593 | 3999.4 419 4.688 | 4000.3
276 4.577 | 3999.7 324 4.638 | 4000.4 372 4.668 | 3999.4 420 4.578 | 4000.7
277 4.603 | 4000.2 325 4.567 | 3999.5 373 4.653 | 4000.3 421 4.667 | 4000.4
278 4.576 4000 326 4.597 | 3999.6 374 4.589 | 4000.7 422 4.64 4000.2
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423 | 4.601 [ 4000.1 443 | 4.662 | 4000 463 | 4.607 | 4000.4 483 467 |3999.7
424 | 4594 | 3999.7 444 468 |3999.7 464 | 4.671 | 4000.3 484 | 4.735 | 4000.8
425 | 4.672 | 3999.4 445 | 4.639 | 4000.1 465 4.64 | 3999.7 485 | 4.647 | 3999.3
426 4.65 |3999.5 446 | 4.675 | 3999.5 466 | 4.643 | 4000.7 486 | 4.577 | 3999.7
427 | 4682 | 4000 447 | 4671 | 3999.5 467 | 4.657 | 3999.8 487 | 4.665 | 3999.6
428 459 |3999.8 448 | 4.667 | 4000 468 4.65 | 4000.5 488 | 4.673 | 3999.7
429 | 4599 | 3999 449 4.67 4000 469 | 4.594 | 4000.3 489 | 4.659 | 3999.7
430 | 4.689 | 4000.4 450 467 | 4000.1 470 | 4.605 | 3999.7 490 | 4.675 | 3999.7
431 | 4.671 | 4000.1 451 | 4.695 | 3999.5 471 | 4588 | 3999.6 491 | 4.661 | 3999.7
432 | 4595 | 4000.1 452 | 4.643 | 3999.8 472 | 4.639 | 3999.7 492 4.68 | 4000.1
433 | 4585 |3999.8 453 | 4.674 | 3999.8 473 | 4.606 | 4000.1 493 4.66 |3999.7
434 | 4662 | 3999.4 454 459 |[3999.7 474 | 4.666 | 3999.3 494 467 |3999.3
435 | 4.665 | 3999.7 455 | 4.667 | 4000.1 475 | 4.659 | 3999.8 495 | 4.674 | 3999.7
436 | 4.662 | 3999.3 456 | 4.573 | 4000.1 476 | 4.658 | 4000 496 | 4.651 | 4000.1
437 | 4579 | 4000.3 457 | 4.659 | 3999.4 477 | 4.662 | 4000 497 | 4.577 | 4000.1
438 | 4.669 | 3999.8 458 | 4.679 | 4000.1 478 | 4.663 | 3999.4 498 | 4.669 | 3999.7
439 | 4.643 | 4000.1 459 | 4.647 | 3999.6 479 | 4597 | 4000.4 499 | 4.607 | 3999.5
440 | 4.668 | 3999.3 460 | 4.583 | 3999 480 | 4.606 | 3999.1 500 | 4.682 | 4000
441 | 4.654 | 3999.3 461 | 4.642 | 4000 481 | 4.679 | 3999.5
442 | 4595 | 3999.6 462 | 4.639 | 3999.5 482 | 4.676 | 4000.3

For Acidic crudeoil in alkaline solution 1.5% Na,COs + 1% NaCl

_ 22 | 0.428 | 4000 45 | 0436 |4000.4 68 | 0.447 [ 4000.7
23 0.422 | 3999.8 46 0.436 | 4000.1 69 0.455 | 3999.8

1 0.399 | 3999.6 24 0.428 | 4000.2 47 0.434 | 3999.7 70 0.458 | 4000.1
2 0.403 | 3999.7 25 0.432 | 4000.2 48 0.435 | 3999.7 71 0.451 | 4000.4
3 0.406 | 3999.7 26 0.424 | 3999.8 49 0.439 | 3999.4 72 0.446 | 3999.3
4 0.399 | 3999.7 27 0.43 | 39995 50 0.451 | 4000.4 73 0.448 | 4000.4
5 0.411 | 4000.1 28 0.434 | 4000.5 51 0.439 | 4000.4 74 0.447 | 4000.3
6 0.398 | 3999.8 29 0.438 | 3999.5 52 0.453 | 4000.2 75 0.457 | 3999.5
7 0.411 | 3999.6 30 0.418 | 3999.8 53 0.436 | 4000.1 76 0.46 | 4000.1
8 0.419 | 3999.8 31 0.429 | 3999.6 54 0.439 | 4000.1 77 0.469 | 3999.5
9 041 |3999.7 32 0.425 | 4000.1 55 0.45 | 3999.3 78 0.471 | 4000.1
10 0.418 | 3999.7 33 0.434 | 3999.7 56 0.437 | 4000.1 79 0.458 | 4000.3
11 0.42 | 3999.5 34 0.426 | 4000.5 57 0.448 | 4000.1 80 0.448 | 4000.1
12 0.418 | 3999.8 35 0.419 | 3999.5 58 0.446 | 3999.4 81 0.467 | 4000.1
13 0.423 | 3999.3 36 0.437 | 4000.4 59 0.454 | 4000.1 82 0.47 | 3999.1
14 0.416 | 3999.4 37 0.428 | 3999.3 60 0.447 | 4000.1 83 0.466 | 3999.7
15 0411 | 3999.7 38 0.431 | 3999.1 61 0.447 | 4000 84 0.469 | 4000.4
16 | 0.409 | 4000.4 39 | 0.434 |4000.2 62 | 0.454 |3999.7 85 | 0.468 | 3999.3
17 0.418 | 3999.3 40 0.448 | 3999.4 63 0.454 | 4000.1 86 0.467 | 4000.7
18 0.418 | 4000.2 41 0.439 | 3999.7 64 0.446 | 4000 87 0.47 | 3999.7
19 0.423 | 4000 42 0.432 | 4000.1 65 0.455 | 4000.1 88 0.471 | 3999.5
20 0.424 | 3998.9 43 0.437 | 4000.1 66 0.447 | 4000.1 89 0.467 | 3999.5
21 0.428 | 3999.8 44 0.438 | 4000.4 67 0.447 | 3999.7 90 0.466 | 3999.5

55




91 0.466 | 3999.4 139 0.486 | 4000.1 187 0.519 | 3999.4 235 0.507 | 3999.4
92 0.462 | 4000.4 140 0.485 | 4000.3 188 0.503 | 4000.1 236 0.52 4000.1
93 0.448 | 3999.8 141 0.498 | 4000.1 189 0.509 | 4000.4 237 0.52 4000.1
94 0.463 | 4000.1 142 0.499 | 4000.1 190 0.491 | 3999.4 238 0.517 | 3999.4
95 0.461 | 4000.4 143 0.484 4000 191 0.517 3999 239 0.533 | 4000.4
96 0.463 | 3999.7 144 0.503 | 4000.3 192 0.518 4000 240 0.532 | 4000.1
97 0.466 | 3999.4 145 0.491 | 3999.4 193 0.502 | 4000.1 241 0.531 4000
98 0.461 | 3999.7 146 0.499 | 4000.1 194 0.492 | 3999.4 242 0.533 | 3999.7
99 0.462 | 4000.1 147 0.481 | 4000.3 195 0.518 | 4000.3 243 0.533 | 3999.5
100 0.463 | 3999.7 148 0.492 | 3999.7 196 0.502 | 3999.1 244 0.508 4000
101 0.463 | 4000.2 149 0.499 4000 197 0.514 | 3999.7 245 0.534 | 3999.8
102 0.462 4000 150 0.499 4000 198 0.516 | 4000.2 246 0.531 | 3999.5
103 0.461 | 3999.4 151 0.491 | 3999.8 199 0.501 4000 247 0.515 | 3999.4
104 0.477 | 4000.1 152 0.486 | 3999.7 200 0.508 | 4000.1 248 0.519 | 3999.7
105 0.47 3999.8 153 0.492 | 4000.3 201 0.493 4000 249 0.509 | 4000.1
106 0.461 | 3999.6 154 0.493 | 4000.1 202 0.493 | 3999.8 250 0.519 | 4000.2
107 0.482 | 4000.7 155 0.481 | 4000.3 203 0.517 | 3999.7 251 0.532 | 3999.8
108 0.471 | 3999.8 156 0.495 | 4000.3 204 0.501 | 4000.4 252 0.519 | 4000.4
109 0.462 4000 157 0.499 | 3999.4 205 0.514 | 4000.4 253 0.519 | 3999.8
110 0.461 | 4000.1 158 0.491 | 3999.4 206 0.509 4000 254 0.527 | 3999.7
111 0.466 | 4000.1 159 0.491 | 4000.1 207 0.509 | 4000.2 255 0.532 | 3999.8
112 0.462 4000 160 0.498 | 3999.7 208 0.507 3999 256 0.517 4000
113 0.462 | 4000.5 161 0.488 | 3999.8 209 0.51 3999.8 257 0.531 | 3999.7
114 0.467 | 3999.7 162 0.499 4000 210 0.492 | 3999.8 258 0.519 | 4000.1
115 0.461 | 3999.5 163 0.494 | 3999.6 211 0.51 3999.4 259 0.508 | 3999.6
116 0.462 | 3999.8 164 0.486 4000 212 0.511 | 4000.7 260 0.528 | 3999.8
117 0.466 4000 165 0.502 | 4000.1 213 0.507 | 4000.4 261 0.531 | 4000.1
118 0.476 | 4000.1 166 0.491 | 3999.6 214 0.509 | 3999.8 262 0.526 | 3999.3
119 0.478 | 4000.4 167 0.492 | 3999.5 215 0.517 | 3999.6 263 0.525 | 4000.4
120 0.476 | 3999.4 168 0.501 | 4000.4 216 0.509 | 4000.3 264 0.518 | 3999.7
121 0.461 4000 169 0.491 4000 217 0.508 | 4000.4 265 0.524 | 4000.2
122 0.462 | 3999.4 170 0.5 3999.6 218 0.508 | 4000.1 266 0.523 | 3999.7
123 0.477 | 3999.7 171 0.501 4000 219 0.51 3999.8 267 0.519 | 3999.7
124 0.478 | 3999.7 172 0.501 | 3999.6 220 0.505 | 3999.8 268 0.514 | 3999.8
125 0.462 | 3999.7 173 0.499 | 4000.1 221 0.509 | 4000.3 269 0.528 | 4000.1
126 0.482 | 3999.7 174 0.498 | 3999.1 222 0.507 | 4000.4 270 0.53 3999.7
127 0.462 | 3999.5 175 0.502 | 3999.5 223 0.517 | 4000.4 271 0.531 | 3999.6
128 0.476 | 4000.7 176 0.496 | 3999.6 224 0.519 | 3999.3 272 0.52 4000.1
129 0.478 | 4000.3 177 0.501 4000 225 0.507 | 3999.1 273 0.524 | 4000.1
130 0.486 | 4000.1 178 0.5 4000.3 226 0.507 | 4000.3 274 0.518 | 3999.3
131 0.476 | 3999.7 179 0.514 4000 227 0.494 | 3999.5 275 0.523 | 4000.1
132 0.478 | 4000.1 180 0.494 4000 228 0.519 | 3999.8 276 0.528 | 4000.1
133 0.499 | 3999.5 181 0.496 | 4000.4 229 0.507 4000 277 0.514 | 3999.1
134 0.477 | 4000.1 182 0.491 | 3999.3 230 0.508 | 4000.1 278 0.526 4000
135 0.478 | 3999.1 183 0.506 4000 231 0.519 | 3999.7 279 0.533 | 4000.4
136 0.476 | 3999.7 184 0.51 4000 232 0.51 4000 280 0.519 | 3999.7
137 0.499 4000 185 0.509 4000 233 0.507 | 3999.8 281 0.523 | 3999.7
138 0.487 | 3999.7 186 0.494 | 3999.6 234 0.516 | 3999.7 282 0.534 | 3999.5
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283 0.526 | 3999.7 331 0.561 | 4000.1 379 0.554 | 4000.1 427 0.554 | 3999.6
284 0.552 | 4000.3 332 0.541 | 4000.1 380 0.551 | 3999.3 428 0.565 | 3999.6
285 0.527 | 3999.5 333 0.564 | 4000.3 381 0.553 | 3999.7 429 0.551 | 3999.7
286 0.527 | 3999.4 334 0.546 | 4000.4 382 0.553 | 3999.5 430 0.567 | 3999.5
287 0.522 | 3999.8 335 0.535 | 3999.1 383 0.553 | 3999.7 431 0.557 | 3999.8
288 0.522 | 3999.7 336 0.564 | 3999.7 384 0.563 | 3999.7 432 0.565 | 4000.1
289 0.525 | 3999.7 337 0.549 | 3999.7 385 0.565 | 3999.7 433 0.56 3999.4
290 0.524 | 3999.7 338 0.563 | 3999.4 386 0.563 | 3999.8 434 0.555 | 3999.5
291 0.526 | 3999.5 339 0.564 | 3999.7 387 0.568 | 3999.6 435 0.557 | 3999.5
292 0.525 | 4000.1 340 0.543 | 4000.4 388 0.552 | 4000.3 436 0.566 4000
293 0.528 | 3999.7 341 0.544 | 3999.7 389 0.546 | 3999.7 437 0.556 | 3999.5
294 0.543 | 3999.7 342 0.543 | 3999.7 390 0.565 | 4000.1 438 0.552 | 3999.5
295 0.523 | 3999.5 343 0.545 | 4000.4 391 0.567 | 3999.3 439 0.567 | 3999.6
296 0.524 | 3999.5 344 0.545 | 4000.3 392 0.562 4000 440 0.561 | 4000.1
297 0.525 | 3999.5 345 0.541 | 4000.7 393 0.543 | 3999.4 441 0.564 | 4000.4
298 0.534 | 3999.6 346 0.541 | 3999.7 394 0.564 | 4000.1 442 0.559 | 3999.5
299 0.542 | 3999.6 347 0.557 4000 395 0.559 | 3999.5 443 0.558 | 3999.5
300 0.524 | 4000.1 348 0.543 4000 396 0.563 | 3999.7 444 0.556 | 4000.5
301 0.544 | 4000.1 349 0.55 4000 397 0.558 | 4000.2 445 0.558 | 4000.1
302 0.526 | 3999.7 350 0.543 | 4000.3 398 0.552 | 3999.6 446 0.557 4000
303 0.526 4000 351 0.543 | 3999.1 399 0.563 | 4000.3 447 0.569 | 4000.3
304 0.551 4000 352 0.555 | 4000.4 400 0.563 | 3999.5 448 0.558 | 3999.5
305 0.525 | 4000.1 353 0.525 | 3999.6 401 0.563 | 4000.1 449 0.558 | 4000.1
306 0.533 | 3999.7 354 0.542 | 3999.7 402 0.559 | 4000.4 450 0.559 | 4000.1
307 0.532 | 4000.4 355 0.551 4000 403 0.543 | 4000.1 451 0.556 | 3999.8
308 0.525 4000 356 0.543 | 3999.7 404 0.558 | 3999.8 452 0.56 4000.3
309 0.526 | 4000.1 357 0.565 | 3999.6 405 0.559 | 3999.7 453 0.556 | 3999.5
310 0.525 | 4000.4 358 0.554 | 4000.2 406 0.567 | 3999.5 454 0.567 | 4000.4
311 0.526 | 3999.4 359 0.552 | 3999.4 407 0.566 | 4000.2 455 0.555 | 4000.1
312 0.525 | 3999.4 360 0.554 4000 408 0.564 | 3999.7 456 0.56 4000.1
313 0.548 | 4000.4 361 0.554 | 3999.4 409 0.563 | 3999.7 457 0.557 | 4000.3
314 0.543 | 3999.7 362 0.564 4000 410 0.565 | 4000.1 458 0.555 | 4000.1
315 0.532 | 3999.5 363 0.553 4000 411 0.542 | 3999.8 459 0.565 | 4000.1
316 0.54 3999.4 364 0.562 | 3999.7 412 0.561 | 3999.8 460 0.565 | 3999.3
317 0.54 3999.7 365 0.566 | 4000.3 413 0.558 4000 461 0.558 4000
318 0.543 | 4000.4 366 0.566 | 3999.6 414 0.565 | 3999.8 462 0.555 4000
319 0.548 | 3999.6 367 0.534 | 3999.7 415 0.565 | 4000.4 463 0.557 | 4000.4
320 0.525 4000 368 0.563 | 4000.3 416 0.56 3999.6 464 0.56 4000.1
321 0.542 | 4000.1 369 0.553 | 3999.4 417 0.542 | 3999.8 465 0.557 | 3999.8
322 0.541 | 3999.4 370 0.526 | 4000.3 418 0.566 | 4000.3 466 0.556 | 4000.1
323 0.525 | 4000.7 371 0.553 | 3999.6 419 0.563 | 4000.1 467 0.558 | 4000.1
324 0.542 3999 372 0.547 | 3999.4 420 0.549 | 4000.2 468 0.56 3999.6
325 0.542 4000 373 0.559 | 3999.7 421 0.551 | 4000.3 469 0.558 | 3999.4
326 0.542 | 3999.7 374 0.543 | 3999.5 422 0.541 | 3999.8 470 0.56 3999.1
327 0.542 | 4000.1 375 0.553 | 3999.3 423 0.56 3999.7 471 0.578 | 3999.3
328 0.543 | 4000.1 376 0.553 | 4000.3 424 0.554 | 4000.1 472 0.555 | 3999.6
329 0.526 | 4000.3 377 0.564 | 4000.3 425 0.565 | 4000.3 473 0.56 4000.4
330 0.566 | 3999.7 378 0.564 | 4000.3 426 0.567 | 3999.5 474 0.555 | 4000.2
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475 0.56 | 4000.1 482 | 0.558 | 3999.6 489 | 0.587 | 4000.4 496 | 0.588 | 4000.1
476 | 0.559 | 3999.7 483 | 0.561 | 3999.4 490 | 0.559 | 3999.5 497 | 0.559 | 4000
477 | 0577 | 3998.9 484 | 0.578 | 4000.4 491 | 0.555 | 4000.1 498 | 0.578 | 3999.4
478 | 0.587 | 3999.7 485 | 0.559 | 3999.6 492 | 0.572 | 3999.7 499 | 0.579 | 4000.1
479 0.56 | 4000.1 486 | 0.578 | 3999.7 493 | 0.559 | 3999.1 500 | 0.559 | 3999.7
480 0.56 | 4000.4 487 | 0.578 | 3999.4 494 | 0.561 | 4000.1
481 | 0.559 | 3999.7 488 0.56 | 3999.7 495 | 0.567 | 3999.7

For Acidic crudeoil in alkaline solution 1.5% NaOH + 1% NaCl

_ 35 | 1.761 | 3999.7 71 | 1.801 [ 4000.7 107 | 1.834 |[3999.3
36 1.763 | 4000.1 72 1.794 | 3999.5 108 | 1.832 |[3998.9

1 1717 | 3999.4 37 1.754 | 4000.3 73 1.821 | 4000.4 109 | 1.833 | 4000
2 1.75 4000 38 1.795 | 4000.3 74 1.794 | 3999.7 110 | 1.834 | 4000.3
3 1.723 | 4000.2 39 1.78 | 3999.7 75 1.801 | 4000.2 111 | 1.834 | 39995
g 1.727 | 3999.5 40 | 1.769 | 3999.3 76 1.791 | 3999.4 112 | 1.834 |3999.8
5 1.753 | 4000.3 41 1.789 | 3999.7 77 1.795 | 3999.7 113 | 1.832 | 3999.6
6 1756 | 3999.4 42 1.79 | 4000.3 78 1.801 | 3999.8 114 | 1.834 | 4000.2
7 1.718 | 3999.5 43 1.792 | 3999.3 79 1.806 | 3999.4 115 | 1.831 | 40005
8 1.758 | 4000 44 1.789 | 3999.7 80 1.797 | 3999.3 116 | 1.874 | 4000.4
9 1.72 ]3999.3 45 1.783 | 3999 81 1.793 | 4000.1 117 | 1.832 | 3999.5
10 | 1.755 | 4000 46 1.798 | 3999.4 82 1.8 | 3999.1 118 1.83 4000
11 172 ] 39995 47 1.759 | 4000.1 83 1.797 | 4000.1 119 | 1.834 | 39995
12 1.757 | 3999.5 48 1.793 | 4000 84 1.793 | 4000 120 | 1.836 | 4000.1
13 1.78 ]3999.7 49 1.799 | 4000.4 85 1.79 | 3999.4 121 | 1.887 | 3999.4
14 178 | 39995 50 1.812 | 4000.4 86 1.797 | 3999.7 122 | 1.836 | 4000.1
15 1753 | 3999.7 51 1.79 | 3999.6 87 1.83 | 3999.3 123 | 1.872 | 3999.6
16 1.765 | 4000.2 52 1.791 | 4000.1 88 1.794 | 3999.6 124 | 1.872 |3999.6
17 1.724 | 3999.4 53 1.813 | 3999.4 89 1.804 | 4000.1 125 | 1.794 |3999.7
18 1.752 | 4000.4 54 1.785 | 3999.7 90 1.794 | 4000.3 126 | 1.838 | 3999.4
19 1.755 | 4000.1 55 1.778 | 4000.4 91 1.801 | 4000.7 127 1.83 4000
20 | 1.751 |3999.8 56 1.769 | 3999.8 92 1.792 | 4000.3 128 | 1.835 |3999.7
21 172 | 4000.2 57 1.781 | 3999.4 93 1.831 | 4000.2 129 | 1.832 | 3999.7
22 1722 | 4000 58 1.793 | 4000.1 94 1.856 | 4000.3 130 | 1.867 | 4000.2
23 1.715 | 4000.1 59 1.792 | 4000.2 95 1.852 | 3999.7 131 | 1.839 |[3999.1
24 1752 | 3999.5 60 1.792 | 3999.7 96 1.838 | 3999.5 132 | 1.833 | 4000.4
25 1718 | 4000.1 61 1.809 | 4000 97 1.841 | 3999.8 133 | 1.832 | 3999.5
26 1.742 | 4000.2 62 1.793 | 4000.1 98 1.828 | 3999.3 134 1.87 4000
27 1.756 | 3999.5 63 1.757 | 3999.7 99 1.832 | 4000 135 | 1.833 | 3999.4
28 176 ] 3999.1 64 | 1.806 | 3999.3 100 | 1.829 | 4000.7 136 | 1.864 | 3999.7
29 | 1.746 | 3999.6 65 | 1.758 | 4000 101 | 1.829 | 4000.1 137 | 1.832 | 3999.5
30 1.758 | 3999.4 66 1.794 | 3999.7 102 | 1.854 | 4000 138 | 1.853 | 4000.1
31 1.727 | 4000.4 67 1.804 | 3999.6 103 | 1.834 | 3999.8 139 | 1.871 |3999.3
32 1.757 | 3999.8 68 1.79 | 3999.7 104 | 1.855 | 3999.4 140 | 1.841 | 3999.6
33 1.758 | 4000.1 69 1.8 4000.1 105 | 1.831 | 4000.3 141 | 1.872 | 4000.3
34 1.753 | 4000 70 1.79 | 4000.2 106 1.83 | 3999.8 142 | 1.875 | 4000
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143 1.888 | 3999.7 191 1.909 4000 239 1.918 | 3999.5 287 1.915 | 4000.3
144 1.898 | 3999.8 192 1.871 | 3999.5 240 1.951 | 3999.4 288 1.914 | 3999.7
145 1.868 | 3999.1 193 1.873 | 3999.7 241 1.911 | 4000.1 289 1.954 | 4000.2
146 1.89 4000.2 194 1.878 | 3999.7 242 1.95 4000.1 290 1.965 | 4000.1
147 1.888 | 3999.6 195 1.881 | 3999.5 243 1.949 | 3999.6 201 1.911 | 3999.7
148 1.871 | 4000.1 196 1.883 | 4000.2 244 1.95 4000 292 1.92 3999.7
149 1.871 | 3999.6 197 1.911 | 3999.6 245 1.95 3999.4 293 1.916 | 4000.1
150 1.884 | 3999.3 198 1.88 3999 246 1.912 | 4000.1 294 1.916 | 3999.5
151 1.897 | 4000.2 199 1.873 | 3999.5 247 1.912 | 4000.4 295 1.885 | 3999.8
152 1.872 | 4000.3 200 1.912 | 4000.1 248 1.952 | 3999.6 296 1.919 4000
153 1.879 | 3999.7 201 1.88 3999.7 249 1.912 4000 297 1.923 | 3999.4
154 1.882 | 4000.1 202 1.879 | 4000.4 250 1.914 | 3999.4 298 1.916 4000
155 1.881 | 3999.8 203 1.872 | 3999.6 251 1.959 | 3999.7 299 1.912 | 4000.4
156 1.872 | 3999.8 204 1.876 | 3999.5 252 1.96 3999.5 300 1.952 | 3999.7
157 1.874 | 4000.2 205 1.911 | 4000.4 253 1.941 | 4000.1 301 1.956 | 3999.8
158 1.884 | 3999.8 206 1.878 4000 254 1.966 | 3999.7 302 1.957 | 4000.1
159 1.887 | 4000.1 207 1.88 3999.7 255 1.954 | 3999.6 303 1.917 | 3999.7
160 1.873 | 4000.1 208 1.911 | 3999.7 256 1.955 | 3999.6 304 1.919 | 4000.7
161 1.874 | 3999.8 209 1.914 | 4000.4 257 1.957 | 4000.5 305 1.955 | 3998.9
162 1.874 | 4000.2 210 1.946 | 4000.2 258 1.955 | 3999.5 306 1.922 4000
163 1.88 4000.1 211 1.909 | 3999.7 259 1.954 4000 307 1.953 | 4000.3
164 1.883 | 4000.7 212 1.946 | 3999.7 260 1.957 | 3999.8 308 1.916 | 3999.7
165 1.887 | 4000.1 213 1.911 | 4000.1 261 1.964 | 3999.5 309 1.952 | 4000.1
166 1.88 3999.1 214 1.912 | 3999.7 262 1.953 | 3999.5 310 1.951 | 4000.2
167 1.877 | 3999.5 215 1.886 | 4000.4 263 1.958 | 3999.6 311 1.958 | 3999.5
168 1.883 | 4000.3 216 1.911 | 3999.7 264 1.962 | 4000.2 312 1.923 | 3999.4
169 1.871 | 3999.7 217 1.91 3999.4 265 1.954 | 3999.5 313 1.911 | 3999.7
170 1.876 | 4000.4 218 1.951 | 4000.1 266 1.964 | 3999.7 314 1.913 | 3999.5
171 1.879 | 3999.1 219 1.91 3999.5 267 1.953 | 4000.4 315 1.925 | 4000.3
172 1.88 3999.1 220 1.908 | 3999.1 268 1.913 4000 316 1.921 | 3999.4
173 1.876 4000 221 1.881 | 3999.5 269 1.934 | 3999.6 317 1.92 3999.7
174 1.883 | 3999.7 222 1.911 3999 270 1.919 | 4000.1 318 1.912 4000
175 1.874 | 4000.4 223 1.875 | 4000.1 271 1.921 | 3999.7 319 1.912 | 3999.5
176 1.881 | 3999.5 224 1.879 | 3999.7 272 1.92 3999.5 320 1.949 | 4000.5
177 1.87 3998.9 225 1.949 | 3999.7 273 1.921 | 3999.7 321 1.918 | 3999.6
178 1.879 | 4000.3 226 1.91 3999.8 274 1.953 | 4000.3 322 1.912 | 4000.1
179 1.879 | 4000.1 227 1.91 3999.6 275 1.952 | 3999.5 323 1.95 3999.7
180 1.871 | 4000.1 228 1.952 | 4000.1 276 1.976 | 3999.7 324 1.952 | 4000.4
181 1.872 | 4000.4 229 1.911 | 4000.4 277 1.952 | 3999.7 325 1.954 | 4000.5
182 1.878 | 3999.6 230 1.948 4000 278 1.98 3999.7 326 1.915 4000
183 1.883 | 4000.3 231 1.912 | 3999.7 279 1.972 | 4000.4 327 1.922 | 4000.1
184 1.877 | 3999.5 232 1.916 | 3999.8 280 1.949 | 3999.6 328 1.922 | 3999.6
185 1.879 | 3999.7 233 1.912 | 4000.7 281 1.953 | 4000.2 329 1.919 | 3999.6
186 1.916 | 4000.4 234 1.95 3999.7 282 1.958 | 3999.1 330 1.924 | 4000.1
187 1.878 | 4000.1 235 1.91 3999.4 283 1.949 | 3999.7 331 1.911 | 4000.1
188 1.875 3999 236 1.913 | 3999.7 284 1.951 | 4000.1 332 1.911 | 3999.8
189 1.877 | 4000.1 237 1.915 | 3999.8 285 1.954 | 3999.6 333 1.913 | 3999.6
190 1.912 | 4000.4 238 1.921 4000 286 1.917 | 4000.2 334 1.911 4000
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335 1.911 4000 378 1.908 4000 421 1.873 | 3999.7 464 1.872 | 3999.4
336 1.916 4000 379 1.882 | 3999.5 422 1.837 | 3999.5 465 1.871 | 4000.1
337 1.913 | 3999.5 380 1.923 | 4000.1 423 1.85 4000.1 466 1.884 | 3999.6
338 1.915 | 3999.6 381 1.886 | 4000.2 424 1.847 | 4000.4 467 1.872 4000
339 1.918 | 4000.2 382 1.892 | 3999.8 425 1.845 | 3999.8 468 1.873 | 3999.6
340 1.911 | 3999.4 383 1.889 4000 426 1.839 | 3999.8 469 1.873 | 4000.1
341 1.911 4000 384 1.881 | 3999.6 427 1.875 4000 470 1.873 | 4000.1
342 1.935 | 4000.1 385 1.879 | 4000.1 428 1.837 | 4000.3 471 1.868 | 3999.8
343 1.916 | 3999.7 386 1.889 | 4000.1 429 1.882 | 4000.1 472 1.873 4000
344 1.932 | 4000.1 387 1.876 | 3999.5 430 1.871 | 4000.1 473 1.871 4000
345 1.927 | 3999.6 388 1.881 | 3999.8 431 1.848 | 4000.1 474 1.871 | 4000.1
346 1.927 4000 389 1.889 | 3999.8 432 1.875 | 3999.5 475 1.872 | 3999.4
347 1.93 4000 390 1.894 | 3999.6 433 1.871 | 4000.1 476 1.873 | 3999.5
348 1.931 | 4000.1 391 1.846 | 3999.6 434 1.872 | 3999.6 477 1.873 | 4000.1
349 1.935 | 3999.7 392 1.889 | 3999.4 435 1.878 | 3999.7 478 1.872 3999
350 1.931 | 3999.8 393 1.895 | 4000.1 436 1.831 4000 479 1.872 | 3999.8
351 1.934 | 4000.4 394 1.912 | 4000.7 437 1.872 | 3999.7 480 1.873 | 3999.6
352 1.875 | 4000.2 395 1.889 | 3999.5 438 1.871 | 3999.1 481 1.873 4000
353 1.878 | 3999.6 396 1.872 | 3999.7 439 1.872 | 3999.7 482 1.872 | 3999.7
354 1.874 | 3999.7 397 1.841 | 4000.3 440 1.872 | 3999.7 483 1.872 | 3999.7
355 1.875 | 3999.7 398 1.893 | 3999.8 441 1.851 | 4000.1 484 1.868 | 4000.2
356 1.878 | 3999.8 399 1.856 | 4000.1 442 1.884 | 4000.1 485 1.867 | 3999.5
357 1.911 | 4000.2 400 1.833 | 3999.4 443 1.869 | 3999.8 486 1.873 | 3999.7
358 1.913 | 3999.6 401 1.834 | 3999.7 444 1.843 | 3999.6 487 1.873 | 4000.1
359 1.909 | 3999.5 402 1.837 | 4000.7 445 1.846 | 4000.1 488 1.873 | 3999.4
360 1.913 | 4000.1 403 1.838 | 4000.1 446 1.868 | 3999.6 489 1.872 | 4000.2
361 1.923 | 3999.8 404 1.836 | 3999.5 447 1.869 | 3999.7 490 1.871 | 3999.4
362 1.877 | 4000.2 405 1.837 4000 448 1.872 | 4000.1 491 1.872 | 3999.6
363 1.888 | 3999.6 406 1.835 | 3999.4 449 1.872 | 3999.5 492 1.873 | 3999.7
364 1.871 | 3999.6 407 1.835 | 4000.1 450 1.848 | 4000.1 493 1.871 | 4000.1
365 1.912 3999 408 1.835 | 3999.8 451 1.871 | 3999.3 494 1.873 | 3999.6
366 1.914 | 3999.7 409 1.873 | 3999.7 452 1.872 | 3999.7 495 1.872 | 3999.7
367 1.881 | 4000.1 410 1.835 | 3999.6 453 1.841 | 3999.4 496 1.873 | 4000.1
368 1.924 | 4000.4 411 1.873 | 4000.3 454 1.873 | 3999.8 497 1.868 | 4000.1
369 1.911 | 3999.8 412 1.873 | 3999.7 455 1.839 | 4000.1 498 1.872 | 3999.8
370 1.889 | 3999.1 413 1.846 | 3999.5 456 1.844 | 3999.6 499 1.873 | 3999.8
371 1.887 | 3999.6 414 1.842 | 4000.1 457 1.867 4000 500 1.872 | 3999.4
372 1.919 | 3999.7 415 1.846 4000 458 1.873 | 3999.7

373 1.88 4000.1 416 1.896 | 3999.4 459 1.873 | 3999.5

374 1.882 | 3999.7 417 1.873 | 3999.7 460 1.873 | 4000.3

375 1.88 3999.7 418 1.839 | 4000.1 461 1.87 4000

376 1.873 | 3999.1 419 1.836 | 3999.5 462 1.872 4000

377 1.919 | 3999.5 420 1.83 3999.6 463 1.872 | 3999.7
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4. Coreflooding result and end-point relative per meability of water

Displacement result for Run1 & 2

Oil Saturate Run 1
Original Water Saturation (cc) 16.52
Displaced Brine (cc) 9.97
Residual Water (cc) 6.55
Oil Saturation, So (Ratio) 0.603
Critical Water Saturation, Swc

(Ratio) 0.397
Water Flooding

Displaced Qil (cc) 5.8
Residual Oil (cc) 4.17
Water Saturation (cc) 12.35
Critical Oil Saturation, Sor (Ratio)| 0.252
Water Saturation, Sw (Ratio) 0.748
Alkaline Flooding

Oil in Place before Alkaline (cc) 4.17
Additional Oil Displacement (cc) 11
Residual Oil (cc) 3.07
Critical Oil Saturation, Sor (Ratio)| 0.186

Corepropertiesfor Run1& 2

Run 1

Length 2.96 inch
Diameter 1.48 inch
Gas Permeability 155.24 mD
Gas Porosity 19.69%
Permeability infinite | 126.03 mD
Grain Density 2.62 g/cc
Grain Volume 67.37 cc
Bulk Density 2.11 g/cc
Bulk Volume 83.90 cc
Pore Volume 16.52 cc
weight 174.36 g
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Oil Saturate Run 2
Original Water Saturation (cc) 14.54
Displaced Brine (cc) 9.97
Residual Water (cc) 4.57
Oil Saturation, So (Ratio) 0.68
Critical Water Saturation, Swc
(Ratio) 0.32
Water Flooding
Displaced Qil (cc) 5.8
Residual Oil (cc) 4.17
Water Saturation (cc) 10.37
Critical Oil Saturation, Sor (Ratio] 0.287
Water Saturation, Sw (Ratio) 0.713
Alkaline Flooding
Oil in Place before Alkaline (cc) 4.17
Additional Oil Displacement (cc) 0.82
Residual Oil (cc) 3.35
Critical Oil Saturation, Sor (Ratio] 0.23
Run 2
Length 3.00 inch
Diameter 1.48 inch
Gas Permeability 78.29 mD
Gas Porosity 17.84%
Permeability infinite | 68.77 mD
Grain Density 2.68 g/cc
Grain Volume 66.96 cc
Bulk Density 2.14 glcc
Bulk Volume 81.50 cc
Pore Volume 14.54 cc
weight 174.36 g




Tablefor Volumein Run 1 and 2 after alkaline flooding

Run 1 Run 2
Dedicated| Volume displaced in recovery Dedicated] Volume displaced in recovery
cylinder oil/mL alkaline/mL cylinder oil/mL alkaline/mL
1 0.1 9.6 i 0 9.8
2 0.05 9.4 2 0 10
3 0.05 10 3 0.1 104
4 0.05 9.8 A 0.1 9.6
5 0 9.4 5 0.2 9.8
6 0 9.4 6 0.2 9.8
7 0.15 11.2 7 0.1 10
8 0.1 9.2 8 0 10
9 0.1 10 9 0.05 10
10 0.1 10 10 0.05 10
11 0.1 10 11 0.02 10
12 0.1 10.4 12 0 10
13 0.05 10.2 13 0 10
14 0.05 10.4 i 0 10
15 0.05 10 15 0 10
16 0.05 10 16 0 10
17 0 40 17 0 10
Total 1.1 199 18 0 10
19 0 20
Total 0.82 199.4
Run 1: Water Flooding
Elapsed Inlet Outlet Overburden| delta Core - end point
Time Pressure | Pressure Pressure | Pressure Temperature sl relative
. . . . ; md o
minutes psig psig psig psig °C permeability
1 1019.4 1007.34 1531.46 12.06 70.62 21.121 0.18¢
2 1007.34 999.09 1530.83 8.25 70.62 0 0.00(
3 927.99 925.45 1525.12 2.54 70.62 0 0.00(
4 919.11 915.93 1521.94 3.18 70.62 80.101¢ 0.70¢
5 966.71 962.27 1518.77 4.44 70.62 57.370( 0.50¢
6 1023.21 1013.69 1516.23 9.52 69.98 26.756 0.23¢
7 1023.21 1011.15 1513.06 12.06 69.98 21.121 0.18¢
8 1025.75 1010.51 1509.25 15.24 69.98 16.714 0.147
9 1029.56 1010.51 1507.34 19.0% 69.98 13.371 0.11¢
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1C 1033.37 1010.51 1504.17 22.86 69.98 11.142 0.09¢
11 1034.64 1009.88 1501.63 24.76 69.98 10.287 0.091
12 1034 1009.24 1500.36 24.76 69.98 10.287¢ 0.091
13 1033.37 1008.61 1497.82 24.76 69.98 10.287 0.091
14 1032.73 1007.34 1496.55 25.39 69.98 10.032 0.08¢
15 1030.83 1006.07 1495.28 24.76 69.98 10.287 0.091
16 1029.56 1005.44 1493.38 24.12 69.98 10.560 0.09:
17 1027.65 1003.53 1492.11 24.12 69.98 10.560 0.09:
18 1025.75 1001.63 1491.47 24.12 69.98 10.560 0.09:
19 1024.48 1001.63 1489.57 22.8% 69.98 11.147 0.09¢
20 1023.21 1000.36 1488.93 22.8% 69.98 11.147 0.09¢
21 1022.58 999.09 1488.3 23.49 69.98 10.843 0.09¢
22 1021.94 998.45 1487.67 23.49 69.98 10.843 0.09¢
23 1021.31 997.82 1487.03 23.49 69.98 10.843 0.09¢
24 1020.67 997.18 1485.13 23.49 69.98 10.843 0.09¢
25 1018.77 996.55 1484.49 22.22 69.98 11.463 0.101
26 1018.77 995.28 1483.86 23.49 69.98 10.843 0.09¢
27 1018.13 994.01 1483.22 24.12 69.98 10.560 0.09:
28 1016.86 993.38 1483.22 23.48 69.98 10.848 0.09¢
28 1014.96 992.74 1482.59 22.22 69.98 11.463 0.101
3C 1014.96 991.47 1482.59 23.49 69.98 10.843 0.09¢
31 1014.32 991.47 1481.32 22.8% 69.98 11.147 0.09¢
32 1014.32 990.2 1481.32 24.12 69.98 10.560¢ 0.09:
33 1014.32 990.84 1480.68 23.48 69.98 10.848 0.09¢
34 1013.69 990.2 1480.68 23.49 69.98 10.843 0.09¢
35 1013.05 989.57 1480.68 23.48 70.62 10.848 0.09¢
36 1012.42 989.57 1480.05 22.8% 69.98 11.147 0.09¢
37 1013.05 990.2 1480.05 22.85 69.98 11.147¢ 0.09¢
38 1013.69 990.2 1480.05 23.49 69.98 10.843 0.09¢
39 1013.69 990.84 1480.05 22.8% 69.98 11.147 0.09¢
40 1014.32 991.47 1479.41 22.8% 69.98 11.147 0.09¢
41 1014.96 991.47 1479.41 23.49 69.98 10.843 0.09¢
42 1015.59 992.74 1479.41 22.8% 69.98 11.147 0.09¢
43 1015.59 992.74 1478.78 22.8% 69.98 11.147 0.09¢
44 1015.59 993.38 1478.78 22.21 69.98 11.468 0.101
45 1016.86 993.38 1478.78 23.48 69.98 10.848 0.09¢
46 1017.5 994.01 1478.78 23.49 69.98 10.843 0.09¢
47 1017.5 993.38 1478.78 24.12 69.98 10.560¢ 0.09:
48 1017.5 994.65 1478.78 22.85 70.62 11.147¢ 0.09¢
49 1018.77 996.55 1477.51 22.22 70.62 11.463 0.101
50 1020.67 997.18 1477.51 23.49 69.98 10.843 0.09¢
51 1021.31 998.45 1477.51 22.86 70.62 11.142 0.09¢
52 1021.94 999.09 1477.51 22.8% 70.62 11.147 0.09¢
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53 1022.58 999.09 1476.87 23.49 70.62 10.843 0.09¢
54 1022.58 999.09 1477.51 23.49 70.62 10.843 0.09¢
55 1023.21 1000.36 1476.87 22.85 70.62 11.147 0.09¢

Average 12.202 0.108

Run 1: Alkaline Flooding (NaOH)
Ela}psec Inlet Outlet | Overburder| delta Core Permeability end poim
Time Pressure | Pressure| Pressure | Pressurel Temperature md relative
minutes psig psig psig psig °C permeability

1 955.29 949.58 1560.03 5.71 70.62 0.000 0.000
2 950.85 945.77 1559.4 5.08 70.62 0.000 0.000
3 945.77 938.78 1557.49 6.99 70.62 40.40991 0.321
4 1006.71 986.39 1554.95 20.32 70.62 13.90085 0.110
5 1008.61 985.76 1551.14 22.85 70.62 12.36172 0.098
6 1008.61 985.12 1546.06 23.49 70.62 12.0249 0.095
7 1008.61 984.49 1543.53 24.12 69.98 11.71083 0.093
8 1009.88 985.12 1540.99 24.76 69.98 11.40813 0.091
9 1010.51 986.39 1539.08 24.12 69.98 11.71083 0.093
10 1011.15 986.39 1536.54 24.76 69.98 11.40813 0.091
11 1013.05 088.3 1534 24.75 69.98 11.41274 0.091
12 1014.32 988.93 1532.73 25.39 69.67 11.1250 0.088
13 1015.59 990.2 1531.46 25.39 69.67 11.1250¢ 0.088
14 1016.86 990.84 1529.56 26.02 69.98 10.8557 0.086
15 1017.5 991.47 1528.93 26.03 69.67 10.85152 0.086
16 1018.77 993.38 1528.29 25.39 69.98 11.1250 0.088
17 1019.4 994.01 1527.02 25.39 69.67 11.1250¢ 0.088
18 1020.67 994.65 1525.75 26.02 69.98 10.8557 0.086
19 1021.94 996.55 1525.12 25.39 69.98 11.1250 0.088
20 1021.94 997.18 1525.12 24.76 69.98 11.40813 0.091
21 1023.21 998.45 1524.48 24.76 69.98 11.40813 0.091
22 1020.67 995.28 1523.85 25.39 69.98 11.1250 0.088
23 1022.58 997.82 1523.21 24.76 69.98 11.40813 0.091
24 1027.02 1002.26 1523.21 24.76 69.98 11.40813 0.091
25 1027.65 1002.9 1521.31 24.75 69.98 11.41274 0.091
26 1029.56 1004.8 1520.04 24.76 69.98 11.40813 0.091
27 1029.56 1005.44 1518.77 24.12 69.67 11.71083 0.093
28 1029.56 1005.44 1516.87 24.12 69.98 11.71083 0.093
29 1032.73 1008.61 1516.23 24.12 69.67 11.71083 0.093
30 1032.73 1009.24 1513.06 23.49 69.67 12.0249 0.095
31 1034 1009.24 1511.15 24.76 69.67 11.40813 0.091
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32 1034.64 1010.51 1509.25 24.13 69.67 11.7059 0.093
33 1034.64 1009.88 1507.34 24.7¢ 69.67 11.40813 0.091
34 1034 1005.44 1505.44 28.560 69.67 9.890242 0.078
35 1030.19 1006.07 1504.17 24.12 69.67 11.71083 0.093
36 1036.54 1012.42 1502.9 24.17 69.67 11.71083 0.093
37 1037.81 1013.05 1501.63 24.7¢ 69.67 11.40813 0.091
38 1038.44 1014.32 1501 24.12 69.67 11.71083 0.093
39 1040.98 1016.86 1500.36 24.12 69.67 11.71083 0.093
40 1044.79 1019.4 1499.73 25.39 69.67 11.1250 0.088
41 1046.06 1020.67 1499.09 25.39 69.67 11.1250 0.088
42 1049.87 1024.48 1496.55 25.39 69.67 11.1250 0.088
43 1051.14 1026.38 1495.28 24.7¢ 69.67 11.40813 0.091
44 1045.43 1021.31 1493.38 24.12 69.35 11.71083 0.093
45 1053.04 1029.56 1492.11 23.48 69.67 12.03003 0.095
46 1056.85 1031.46 1490.84 25.39 69.67 11.1250 0.088
47 1058.12 1033.37 1488.93 24.75 69.67 11.41274 0.091
48 1059.39 1035.27 1487.67 24.12 69.35 11.71083 0.093
49 1062.57 1036.54 1487.03 26.03 69.35 10.851572 0.086
50 1058.12 1031.46 1485.13 26.66 69.67 10.5950¢ 0.084
51 1057.49 1032.73 1485.13 24.7¢ 69.35 11.40813 0.091
52 1057.49 1033.37 1484.49 24.12 69.67 11.71083 0.093
53 1065.11 1039.08 1485.13 26.03 69.67 10.851572 0.086
54 1066.37 1040.98 1485.13 25.39 69.67 11.1250 0.088
55 1067.64 1041.62 1485.13 26.02 69.67 10.8557 0.086
56 1068.91 1042.25 1485.13 26.64 69.67 10.5950¢ 0.084
57 1072.72 1045.43 1487.03 27.29 69.67 10.3505( 0.082
58 1073.99 1046.7 1487.03 27.29 69.67 10.3505( 0.082
59 1073.99 1047.33 1485.13 26.66 69.67 10.5950¢ 0.084
60 1075.26 1048.6 1487.03 26.64 69.67 10.5950¢ 0.084
61 1075.9 1049.24 1487.03 26.64 69.67 10.5950¢ 0.084
62 1077.17 1049.87 1487.03 27.3 69.67 10.34671 0.082
63 1077.8 1050.51 1487.67 27.29 69.67 10.3505( 0.082
64 1075.26 1047.33 1487.67 27.93 69.67 10.11333 0.080
65 1079.07 1051.77 1488.3 27.3 69.67 10.34671 0.082
66 1079.07 1051.77 1488.93 27.3 69.67 10.34671 0.082
67 1080.97 1053.04 1489.57 27.93 69.67 10.11333 0.080
68 1079.7 1053.04 1490.84 26.64 69.98 10.5950¢ 0.084
69 1079.7 1053.04 1491.47 26.64 69.98 10.5950¢9 0.084
70 1079.7 1053.04 1492.11 26.64 69.98 10.5950¢ 0.084
71 1062.57 1035.27 1491.47 27.3 69.98 10.34671 0.082
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72 1071.45 1043.52 1491.47 27.93 69.98 10.11333 0.080
73 1071.45 1043.52 1492.11 27.93 69.98 10.11333 0.080
74 1069.55 1041.62 1492.11 27.93 69.98 10.11333 0.080
75 1069.55 1041.62 1492.74 27.93 69.98 10.11333 0.080
76 1069.55 1041.62 1493.38 27.93 69.98 10.11333 0.080
77 1069.55 1040.98 1494.65 28.57 69.98 9.88678( 0.078
78 1067.01 1039.08 1495.28 27.93 69.98 10.11333 0.080
79 1067.01 1039.08 1495.92 27.93 69.98 10.11333 0.080
80 1065.11 1035.27 1496.55 29.84 69.98 9.465994 0.075
81 1067.01 1038.44 1497.19 28.57 69.98 9.88678( 0.078
82 1069.55 1040.98 1497.82 28.57 69.98 9.88678( 0.078
83 1068.91 1039.71 1499.73 29.2 70.62 9.673469 0.077
84 1063.84 1036.54 1500.36 27.3 70.62 10.34671 0.082
85 1063.2 1034.64 1500.36 28.54 70.62 9.890247 0.078
86 1062.57 1034.64 1500.36 27.93 70.62 10.11333 0.080
87 1065.11 1035.27 1501 29.84 70.62 9.465995 0.075
88 1039.08 1012.42 1500.36 26.64 70.62 10.5950¢ 0.084
89 1057.49 1030.19 1501.63 27.3 70.62 10.34671 0.082
90 1058.12 1030.19 1502.9 27.93 70.62 10.11333 0.080
91 1058.12 1030.19 1503.53 27.93 70.62 10.11333 0.080
92 1057.49 1028.92 1504.17 28.57 70.62 9.88678( 0.078
93 1055.58 1027.65 1504.8 27.93 70.62 10.11333 0.080
94 1054.95 1026.38 1505.44 28.57 70.62 9.88678( 0.078
95 1053.68 1025.11 1507.34 28.57 70.62 9.88678( 0.078
96 1053.68 1025.11 1507.98 28.57 70.62 9.88678( 0.078
97 1051.77 1023.21 1508.61 28.54 70.62 9.890247 0.078
98 1051.14 1023.21 1509.25 27.93 70.62 10.11333 0.080
99 1049.24 1020.67 1509.88 28.57 70.62 9.88678( 0.078
100 1047.33 1021.94 1509.88 25.34 70.62 11.1250 0.088
101 1049.87 1019.4 1509.88 30.47 70.62 9.270276 0.074
102 1048.6 1020.67 1509.88 27.93 70.94 10.11333 0.080
103 1048.6 1020.67 1509.88 27.93 70.62 10.11333 0.080
104 1045.43 1017.5 1509.88 27.93 70.62 10.11333 0.080
105 1046.7 1018.77 1509.88 27.93 70.62 10.11333 0.080
106 1046.7 1018.13 1511.15 28.57 70.62 9.88678( 0.078
107 1045.43 1017.5 1511.15 27.93 70.62 10.11333 0.080
108 1044.79 1016.86 1511.79 27.93 70.62 10.11333 0.080
109 1044.79 1014.96 1512.42 29.83 70.62 9.46916¢ 0.075
110 1043.52 1014.96 1513.06 28.56 70.62 9.890247 0.078
111 1037.81 1010.51 1513.06 27.3 70.62 10.34671 0.082
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112 1039.08 1011.15 1513.69 27.93 70.62 10.11333 0.080
113 1039.08 1011.15 1514.96 27.93 70.94 10.11333 0.080
114 1033.37 1006.71 1514.96 26.64 70.94 10.5950¢ 0.084
115 1039.71 1011.15 1514.96 28.54 70.94 9.890247 0.078
116 1039.08 1010.51 1515.6 28.57 70.94 9.88678( 0.078
117 1037.81 1009.88 1515.6 27.93 70.94 10.11333 0.080
118 1037.81 1009.24 1515.6 28.57 70.94 9.88678( 0.078
119 1037.17 1009.24 1516.23 27.93 70.94 10.11333 0.080
120 1036.54 1008.61 1516.87 27.93 70.94 10.11333 0.080
121 1035.27 1006.71 1516.87 28.56 70.94 9.890247 0.078
122 1029.56 994.01 1516.87 35.55 70.94 7.945578§ 0.063
123 1021.31 993.38 1517.5 27.93 70.94 10.11333 0.080
124 1027.02 998.45 1518.77 28.57 70.94 9.88678( 0.078
125 1029.56 1001.63 1520.04 27.93 70.94 10.11333 0.080
126 1029.56 1000.36 1520.04 29.2 70.94 9.673469 0.077
127 1027.65 999.09 1520.67 28.54 70.94 9.890247 0.078
128 1027.02 998.45 1521.94 28.57 70.94 9.88678( 0.078
129 1027.02 998.45 1523.21 28.57 70.94 9.88678( 0.078
130 1026.38 998.45 1523.85 27.93 70.94 10.11333 0.080
131 1027.02 997.82 1524.48 29.2 70.94 9.673469 0.077
132 1026.38 997.82 1525.75 28.54 70.94 9.890247 0.078
133 1026.38 998.45 1527.02 27.93 70.94 10.11333 0.080
134 1026.38 997.82 1527.66 28.54 70.94 9.890247 0.078
135 1025.75 997.18 1528.29 28.57 70.94 9.88678( 0.078
136 1025.11 996.55 1528.93 28.54 71.25 9.890247 0.078
137 1024.48 996.55 1530.83 27.93 71.25 10.11333 0.080
138 1024.48 995.28 1530.83 29.2 70.94 9.673469 0.077
139 1023.21 994.65 1532.1 28.56 71.25 9.890242 0.078
140 1022.58 994.01 1532.73 28.57 71.25 9.88678( 0.078
141 1021.31 993.38 1533.37 27.93 71.25 10.11333 0.080
142 1021.94 993.38 1534 28.56 71.25 9.890242 0.078
143 1021.31 992.74 1535.91 28.57 71.25 9.88678( 0.078
144 1020.67 991.47 1536.54 29.2 71.25 9.673469 0.077
145 1019.4 990.84 1537.18 28.54 71.25 9.890242 0.078
146 1019.4 990.84 1537.81 28.54 71.25 9.890242 0.078
147 1018.77 990.84 1539.72 27.93 71.25 10.11333 0.080
148 1018.13 990.2 1540.35 27.93 71.25 10.11333 0.080
149 1018.13 990.2 1540.99 27.93 71.25 10.11333 0.080
150 1016.86 987.03 1541.62 29.83 71.25 9.469169 0.075
151 1016.86 988.93 1543.53 27.93 71.25 10.11333 0.080
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| 152 | 101559 | 9883 1544.16]  27.29 71.25| 10.35050  0.082
Average 10.484 0.083
Run 2: Water Flooding
Ela_lpsec Inlet Outlet | Overburder | delta Core Permeability end p_oinl
Time Pressure | Pressure| Pressure | Pressurg Temperature md relative
minutes psig psig psig psig °C permeability

1 900.7 888.64 1690.79 12.06 70.62 0 0.000
2 893.72 881.66 1690.16 12.06 70.62 0 0.000
3 1067.64 1043.52 1692.06 24.1p 70.62 10.560 0.154
4 1101.29 1051.77 1690.79 49.5p 70.62 5.1438 0.075
5 1111.44 1051.14 1689.52 60.3 70.62 4.2242 0.061
6 1124.14 1051.14 1688.25 73 70.62 3.4893 0.051
7 1135.57 1050.51 1686.35 85.06 70.62 2.994¢ 0.044
8 1146.36 1049.24 1685.72 97.1p 70.62 2.6227 0.038
9 1164.13 1046.7 1685.08 117.43 70.62 2.1691 0.032
10 1187.62 1048.6 1685.08 139.02 69.98 1.8322 0.027
11 1206.66 1048.6 1685.08 158.06 70.62 1.611% 0.023
12 1223.8 1048.6 1685.08 175.2 70.62 1.4538 0.021
13 1242.21 1047.33 1685.08 194.88 69.98 1.3070 0.019
14 1260.62 1046.7 1685.72 213.92 70.62 1.190] 0.017
15 952.12 936.88 1676.19 15.24 70.62 16.714 0.243
16 1014.32 997.18 1678.1 17.14 70.62 14.861 0.216
17 1078.44 1051.77 1680.64 26.67 70.62 9.5509 0.139
18 1138.1 1080.97 1681.91 57.18 70.62 4.4586 0.065
19 1179.36 1086.05 1683.81 93.31 70.62 2.7298 0.040
20 1211.74 1090.5 1685.08 121.24 70.62 2.1009 0.031
21 1234.59 1089.23 1685.72 145.36 70.62 1.7523 0.025
22 1251.73 1093.04 1686.35 158.69 70.62 1.6051 0.023
23 1264.42 1094.94 1687.62 169.48 70.94 1.5029 0.022
24 1031.46 1014.32 1682.54 17.14 70.94 14.861 0.216
25 1045.43 1025.75 1682.54 19.68 70.94 12.943 0.188
26 1083.51 1061.93 1684.45 21.58 70.62 11.803 0.172
27 1145.72 1112.08 1685.72 33.64 70.62 7.5720 0.110
28 1194.6 1118.43 1687.62 76.1y 70.62 3.3441 0.049
29 1069.55 1021.94 1676.19 47.61 70.62 5.3502 0.078
30 1107.64 1023.21 1676.19 84.43 70.62 3.0169 0.044
31 1134.93 1023.21 1676.19 111.72 70.62 2.280(0 0.033
32 1151.43 1021.31 1676.19 130.12 70.62 1.9576 0.028
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33 1162.86 1021.94 1676.19 140.92 70.62 1.8075 0.026
34 1169.84 1021.31 1676.19 148.53 70.62 1.7149 0.025
35 1176.19 1020.67 1676.19 155.52 70.62 1.6378 0.024
36 1179.36 1020.67 1675.56 158.69 70.62 1.6051 0.023
37 1181.27 1014.96 1675.56 166.31 70.62 1.5316 0.022
38 1181.9 1014.96 1675.56 166.94 70.62 1.5258 0.022
39 1183.17 1014.32 1674.29 168.85 70.62 1.5085 0.022
40 1183.81 1014.32 1674.29 169.49 70.62 1.502¢ 0.022
41 1184.44 1013.69 1674.29 170.75 70.62 1.491] 0.022
42 1184.44 1013.05 1674.29 171.39 70.62 1.486 0.022
43 1184.44 1012.42 1674.29 172.02 70.62 1.4807 0.022
44 1184.44 1010.51 1673.65 173.93 70.62 1.4645 0.021
45 1184.44 1010.51 1673.65 173.93 70.62 1.4645 0.021
46 1184.44 1009.88 1673.65 174.56 70.62 1.459] 0.021
47 1183.81 1009.24 1673.65 174.57 70.62 1.4591 0.021
48 1183.17 1008.61 1673.65 174.56 70.94 1.459; 0.021
49 1183.81 1007.34 1673.65 176.47 70.62 1.4434 0.021
50 1183.17 1006.71 1673.65 176.46 70.62 1.4435 0.021
51 1183.17 1006.07 1673.02 177.1 70.62 1.4383 0.021
52 1181.27 1005.44 1673.02 175.83 70.94 1.448¢ 0.021
53 1181.27 1004.8 1673.02 176.47 70.94 1.4434 0.021
54 1181.27 1003.53 1673.02 177.74 70.94 1.4331 0.021
55 1179.36 1002.9 1672.39 176.46 70.94 1.4435 0.021
Average 3.485 0.051
Run 2: Alkaline Flooding (Na,CO3)
Ele_lpsec Inlet Outlet | Overburder | delta Core Permeability end p_oinI
'I_'|me Pres_sure Pres_sure Pres_sure Pres_sure Temperature md relatlve_z _
minutes psig psig psig psig °C permeability
1 849.92 837.22 1608.91 12.7 70.62 | 21.24845 0.309
2 842.3 830.24 1608.27 12.06 70.62 | 22.37606 0.325
3 1056.85 970.52 1611.45 86.33 70.62 | 3.125857 0.045
4 1117.79 1017.5 1608.91 100.29 70.62| 2.690749 0.039
5 1146.99 1016.86 1605.73 130.13 70.62| 2.073736 0.030
6 1157.78 1015.59 1603.19 142.19 69.98| 1.89785 0.028
7 1162.86 1014.32 1600.66 148.54 69.98| 1.816718 0.026
8 1166.67 1013.69 1598.12 152.98 69.98| 1.76399 0.026
9 1167.94 1013.05 1595.58 154.89 69.98| 1.742238 0.025
10 1169.21 1011.15 1593.67 158.06 69.98| 1.707296 0.025
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11 1169.21 1010.5] 1592.4 158.7 69.98| 1.700411 0.025
12 1170.48 1009.88 1591.13 160.6 69.98| 1.680294 0.024
13 1171.11 1008.61 1589.86 162.5 69.98| 1.660648 0.024
14 1173.65 1006.71 1589.23 166.94 69.98| 1.616481 0.024
15 1175.56 1006.07 1588.59 169.49 69.98| 1.59216 0.023
16 1180 1005.44 1587.96 174.56 69.98| 1.545917 0.022
17 1187.62 1004.8 1587.33 182.82 69.98| 1.476071 0.021
18 1195.23 1003.53 1587.33 191y 69.98| 1.407696 0.020
19 1202.85 1002.9 1587.33 199.95 69.98| 1.349614 0.020
20 1210.47 1001.63 1587.33 208.84 69.98| 1.292163 0.019
21 1218.09 1001.63 1587.33 216.46 69.98| 1.246675 0.018
22 1223.8 1000.36 1587.33 223.44 69.98| 1.20773 0.018
23 1229.51 999.09 1587.33 230.42 69.98| 1.171145 0.017
24 1234.59 998.45 1587.33 236.14 69.98| 1.142777 0.017
25 1239.67 997.18 1587.96 242.49 69.98| 1.112851 0.016
26 1246.65 997.18 1587.96 249.47 69.98| 1.081714 0.016
27 1254.27 995.28 1587.96 258.99 69.98| 1.041952 0.015
28 1261.89 995.28 1589.23 266.61 69.98| 1.012172 0.015
29 1271.41 994.01 1589.23 277.4 69.98| 0.972802 0.014
30 1282.83 993.38 1660.96 289.45 69.98| 0.932304 0.014
31 1291.72 993.38 1660.96 298.34 70.62| 0.904523 0.013
32 1299.34 991.47 1660.96 307.87 69.98| 0.876523 0.013
33 1307.59 991.47 1660.96 316.12 69.98| 0.853648 0.012
34 1313.94 990.84 1660.96 323.1 69.98| 0.835207 0.012
35 1320.28 990.2 1661.59 330.08 69.98| 0.817545 0.012
36 992.74 947.04 1798.71 457 70.62 | 5.904929 0.086
37 1101.29 983.22 1801.24 118.407 70.62| 2.285553 0.033
38 1166.03 983.22 1801.88 182.81 70.62| 1.476152 0.021
39 1211.74 983.22 1802.51 228.52 70.62| 1.180882 0.017
40 1247.92 982.58 1804.42 265.34 70.62| 1.017017 0.015
41 1274.58 981.95 1804.42 292.63 70.62| 0.922172 0.013
42 1294.89 981.31 1805.05 313.58 70.62| 0.860563 0.013
43 1313.94 981.31 1805.69 332.63 70.62| 0.811278 0.012
44 1328.54 980.68 1806.32 347.86 70.62| 0.775758 0.011
45 1339.33 980.68 1806.96 358.65 70.62| 0.75242 0.011
46 1347.58 979.41 1808.23 368.17 70.62| 0.732964 0.011
a7 1353.29 978.78 1808.23 374.51 70.62| 0.720556 0.010
48 1359.64 976.87 1808.23 382.77 70.62| 0.705006 0.010
49 1365.35 977.51 1808.86 387.84 70.62| 0.69579 0.010
50 1370.43 976.87 1808.86 393.56 70.62| 0.685678 0.010
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51 922.28 874.67 1797.44 47.61 70.62| 5.668037 0.082
52 1034 965.45 1798.71 68.55 70.62 | 3.936619 0.057
53 1131.76 971.16 1800.61 160.6 70.62| 1.680294 0.024
54 1193.96 972.43 1801.24 221.93 70.62| 1.218143 0.018
55 1232.69 972.43 1801.88 260.26 70.62| 1.036868 0.015
56 1261.89 970.52 1802.51 291.37 70.62| 0.92616 0.013
57 1284.1 969.25 1802.51 314.85 70.62| 0.857092 0.012
58 1303.15 969.89 1802.51 333.26 70.62| 0.809744 0.012
59 1322.19 969.89 1804.42 352.38 70.62| 0.765981 0.011
60 1338.06 969.25 1804.42 368.891 70.62| 0.731692 0.011
61 1350.12 969.25 1804.42 380.87 70.62| 0.708523 0.010
62 1358.37 969.25 1805.05 389.12 70.62| 0.693501 0.010
63 1365.35 968.62 1805.05 396.73 70.62| 0.680199 0.010
64 1371.07 967.35 1805.05 403.72 70.62| 0.668422 0.010
65 1375.51 967.35 1805.05 408.16 70.62| 0.661151 0.010
66 1379.32 967.35 1805.69 411.97 70.62| 0.655036 0.010
67 1381.22 966.71 1805.69 414.51 70.62| 0.651022 0.009
68 1383.76 966.71 1805.69 417.05 70.62| 0.647057 0.009
69 1386.94 966.08 1805.69 420.86 70.62 0.6412 0.009
70 1388.84 966.08 1805.69 422.16 70.62| 0.638318 0.009
71 1390.74 965.45 1806.32 425.29 70.62| 0.634521 0.009
72 1391.38 966.08 1806.32 425.3 70.62| 0.634506 0.009
73 1392.65 965.45 1806.32 427.2 70.62| 0.631684 0.009
74 1394.55 964.81 1806.96 429.74 70.62| 0.62795 0.009
75 1396.46 966.08 1806.96 430.38 70.62| 0.627016 0.009
76 1398.36 966.71 1808.23 431.65 70.62| 0.625171 0.009
77 1399.63 968.62 1808.23 431.01 70.62 0.6261 0.009
78 1401.54 968.62 1808.86 432.92 70.62| 0.623337 0.009
79 1404.08 969.89 1809.5 434.19 70.62| 0.621514 0.009
80 1404.71 972.43 1809.5 432.28 70.62| 0.62426 0.009
81 1406.61 973.7 1809.5 432.91 70.62| 0.623352 0.009
82 1407.88 974.33 1809.5 433.55 70.62| 0.622432 0.009
83 1409.15 974.97 1809.5 434.18 70.62| 0.621529 0.009
84 1410.42 974.97 1810.13 435.45 70.62| 0.619716 0.009
85 1411.06 974.97 1809.5 436.09 70.62| 0.618806 0.009
86 1412.33 974.97 1809.5 437.36 70.62| 0.617009 0.009
87 1412.96 976.24 1810.13 436.72 70.62| 0.617914 0.009
88 1413.6 974.97 1810.13 438.63 70.62| 0.615223 0.009
89 1413.6 974.97 1810.13 438.63 70.62| 0.615223 0.009
90 1414.87 974.97 1810.13 439.9 70.62| 0.613447 0.009
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91 1416.14 974.97 1810.13 441.17 70.62| 0.611681 0.009
92 1416.77 974.33 1810.77 442.44 70.62| 0.609925 0.009
93 1416.14 974.33 1810.77 441.81 70.62| 0.610795 0.009
94 1416.77 974.33 1810.77 442 .44 70.62| 0.609925 0.009
95 1417.41 974.33 1810.77 443.08 70.62| 0.609044 0.009
96 1417.41 971.16 1810.77 446.25 70.62| 0.604718 0.009
97 1416.77 973.7 1810.77 443.07 70.62| 0.609058 0.009
98 1417.41 973.7 1810.77 443.71 70.62| 0.608179 0.009
99 1416.77 973.06 1811.4 443.71 70.62| 0.608179 0.009
100 1418.67 973.7 1811.4 444 .97 70.62| 0.606457 0.009
101 1419.31 974.97 1811.4 444.34 70.62| 0.607317 0.009
102 1419.94 977.51 1812.67 442.43 70.62| 0.609939 0.009
103 1422.48 980.68 1812.67 441.8 70.62| 0.610809 0.009
104 1425.02 983.22 1813.31 441.8 70.62| 0.610809 0.009
105 1428.2 985.76 1813.94 442 .44 70.62| 0.609925 0.009
106 1430.74 988.93 1813.94 441.81 70.62| 0.610795 0.009
107 1433.27 990.84 1813.94 442 .43 70.62| 0.609939 0.009
108 1435.81 991.47 1813.94 444.34 70.94| 0.607317 0.009
109 1437.08 991.47 1813.94 445.61 70.62| 0.605586 0.009
110 1438.99 991.47 1813.94 447.92 70.62| 0.603002 0.009
111 1439.62 990.84 1813.94 448.18 70.62| 0.601309 0.009
112 1440.26 991.47 1813.94 448.79 70.62| 0.601295 0.009
113 1440.89 990.2 1814.57 450.69 70.62| 0.59876 0.009
114 1440.89 990.2 1813.94 450.69 70.62| 0.59876 0.009
115 1440.89 990.2 1814.57 450.69 70.94| 0.59876 0.009
116 1439.62 986.39 1814.57 453.23 70.94| 0.595405 0.009
117 1439.62 989.57 1814.57 450.05 70.62| 0.599612 0.009
118 1439.62 988.93 1814.57 450.69 70.94| 0.59876 0.009
119 1437.72 984.49 1814.57 453.23 70.62| 0.595405 0.009
120 1437.72 984.49 1814.57 453.23 70.62| 0.595405 0.009
121 1437.72 984.49 1814.57 453.23 70.62| 0.595405 0.009
122 1437.08 979.41 1814.57 457.67 70.94| 0.589628 0.009
123 1435.81 980.68 1814.57 455.13 70.94| 0.592919 0.009
124 1435.81 980.68 1814.57 455.13 70.94| 0.592919 0.009
125 1435.18 979.41 1815.21 455.17 70.94| 0.592086 0.009
126 1434.54 978.78 1814.57 455.16 70.94| 0.592099 0.009
127 1432.64 978.78 1814.57 453.86 70.62| 0.594578 0.009
128 1432.01 978.78 1814.57 453.23 70.94| 0.595405 0.009
129 1431.37 978.14 1814.57 453.23 70.62| 0.595405 0.009
130 1430.74 978.14 1814.57 452.6 70.62| 0.596233 0.009
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131 1430.74 976.87 1814.57 453.87 70.94| 0.594565 0.009
132 1430.74 976.87 1814.57 453.87 70.94| 0.594565 0.009
133 1430.74 974.97 1814.57 455,17 70.94| 0.592086 0.009
134 1429.47 974.97 1814.57 454.5 70.94| 0.593741 0.009
135 1429.47 974.33 1814.57 455.14 70.94| 0.592906 0.009
136 1429.47 973.7 1815.21 455.77 70.94| 0.592086 0.009
137 1430.74 973.7 1814.57 457.04 70.94| 0.590441 0.009
138 1429.47 973.06 1814.57 456.41 70.62| 0.591256 0.009
139 1429.47 972.43 1814.57 457.04 70.94| 0.590441 0.009
140 1428.83 971.16 1815.21 457.7 70.94| 0.589628 0.009
141 1428.2 971.16 1814.57 457.04 70.94| 0.590441 0.009
142 1428.2 970.52 1815.21 457.68 70.94| 0.589616 0.009
143 1428.2 970.52 1814.57 457.68 70.94| 0.589616 0.009
144 1427.56 969.89 1814.57 457.67 70.94| 0.589628 0.009
145 1426.93 969.25 1814.57 457.68 70.94| 0.589616 0.009
146 1426.93 969.25 1815.21 457.68 70.94| 0.589616 0.009
147 1425.02 968.62 1814.57 456.4 70.94| 0.591269 0.009
148 1425.02 968.62 1814.57 456.4 70.94| 0.591269 0.009
149 1425.02 966.71 1814.57 458.31 70.62| 0.588805 0.009
150 1425.02 967.35 1814.57 457.7 70.94| 0.589628 0.009
151 1426.93 966.71 1814.57 460.22 70.94| 0.586361 0.009
152 1426.93 966.71 1815.21 460.22 70.94| 0.586361 0.009
Average 1.213 0.018
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