EXPERIMENTAL INJECTION STRATEGY FOR SURFACTANT FLOQING
ENHANCED BY BRANCHED ALCOHOL ADDITIVE

By

AHMAD SYAFIQ B MOHD NOOR

PETROLEUM ENGINEERING

11532

Dissertation submitted in partial fulfilment of
The requirement for the
Bachelor Engineering (Hons)
(Petroleum Engineering)

Jan 2012

Universiti Teknologi PETRONAS
Bandar Seri Iskandar
31750 Tronoh

Perak Darul Ridzuan



CERTIFICATION OF APPROVAL

EXPERIMENTAL INJECTION STRATEGY FOR SURFACTANT FLOQING
ENHANCED BY BRANCHED ALCOHOL ADDITIVE

by

Ahmad Syafiq B Mohd Noor

A project dissertation submitted to the
Petroleum Engineering Programme
Universiti Teknologi PETRONAS

in partial fulfilment of the requirement for the
BACHELOR OF ENGINEERING (Hons)
(PETROLEUM ENGINEERING)

Approved by,

(Mr. Iskandar Dzulkarnain)

Date: 15 April 2012

UNIVERSITI TEKNOLOGI PETRONAS

TRONOH, PERAK

January 2012



CERTIFICATION OF ORIGINALITY

This is to certify that | am responsible for thertveubmitted in this project, that the
original work is my own except as specified in theferences and
acknowledgements, and that the original work cowmtdi herein have not been

undertaken or done by unspecified sources or psrson

Ahmad Syafiq B Mohd Noor
Student ID  : 11532
I/C No : 891121-03-5245

Date : 15 April 2012



Abstract

There are few limitations in using surfactant/cofasctant such as the interfacial
activity, adsorption and ionic equilibria which cae control by manipulating the
formulation of the injected solution. Other limitais which can be controlled by
injection strategy were chromatographic effect, nitybcontrol, flow diversion by
precipitates and emulsification. By using the optimformulation, the first part of
the limitations can be reduced. And the second gfalitnitations can be overcome
by investigating the best or optimum method foeatijng optimum formulation. The
objective of this study is to find the optimum icfien strategy of a well formulated
surfactant and co-surfactant in enhancing residularecovery. Already several
methods had been proposed for surfactant / coetarfaflooding, in this study,
topic will be narrowed to, to find the best injectistrategy for surfactant flooding
with branched alcohol as co-surfactant. Result bgllpresented on the percentage of
residual oil recovered by using different methodngéction.
Below are the injection strategies which are tads¢ed. Injection strategies which to
be study are:

1) Surfactant and branched alcohol mixed in singlen&dron then followed by

chase water

2) Surfactant followed by branched alcohol then fokaly chase water

3) Branched alcohol followed by surfactant then fokmiby chase water
Methodology used in this study is based on corellogp experiment. Briefly, the
experiment will be conducted using three (3) Baraas. Each core first preflooded
with synthetic brine at optimum salinity and harshéo saturate the core with brine.
Core then will be flooded with crude oil to dispathe brine. Then, core will
undergo water flooding to displace the crude gidted to the core. Residual oil
saturation then can be calculated from the volumeater produced after the water
flood, volume of oil produced during the water filband pore volume of the core.
All the cores then will be injected with chemicalsing different methods. The
effluent recovered will be measure and the efficjerof each method will be

calculated.
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Chapter 1: Introduction

1.1 Introduction

The use of surfactant flooding as Enhanced Oil Rego (EOR) has been
investigated for many years. One of the limitatiomshe surfactant flooding is the
high reactivity of chemicals with reservoir rockhe effect from the condition is the
increase of chemical consumptions and the formaifasilicates scale at production
wells. A wide variety of surfactant has been testedinvestigate the suitable

candidate for chemical EOR applications.

Alcohol as additives has reported to be a gooductastant. A study of using
alcohol as co-surfactant had showed that it is lapaf reducing interfacial tension
(IFT) between surfactant and crude oil with lessosmtration of chemicdl]. The

combination between surfactant and branched alcshekpected to eliminate the
problems associated with the usage of surfactaomealln this study, branched
alcohol is used as co-surfactant and it is expettedmprove the residual oil

recovery.

However, one of the governing factors in surfactidding efficiency of displacing

residual oil is the injection methods applied. Eh@re many injection strategies
proposed with different effect on oil recovery avitier aspect. However, injection
strategies performance differ using different folation. This study will be based on
finding the best injection strategy for well formatéd surfactant/co-surfactant using

core flooding experiment.



1.2 Problem Statement

One of the governing aspects in enhancing theiefioy of surfactant flooding in
recovering residual oil is the injection strategegsplied. Already, there are several
methods proposed in chemical flooding. However, $arfactant and branched
alcohol formulation, the optimum injection straiegjiare yet to be discovered. For
this experiment, the efficiency of surfactant flogylfor each different method will
be compared based on its capability on recoverasidual oil. The term ‘higher
efficiency’ will be referring to the method thatcmvers most oil during chemical
flooding. Furthermore, the experiment will also sw@w& the mobility ratio which

will characterize the displacement efficiency bedgwéwo fluids.

1.3 Objective

The goal of this study is to:

I. Develop efficient method of injecting surfactantrfmulation that will produce

higher efficiency of residual oil recovery.

1.4 Scope of study

The study will be based on finding the optimum roetlof injection of well
formulated surfactants solution with branched atd@s co-surfactant. Three
(3) different methods will be tested in the laborgtto measure the residual

oil recovery for each method.



1.5 Relevancy of the project

There are two governing parameters in chemicabiflogy which are equilibrium and
dynamic effects. For the equilibrium part, it is deaof the interfacial activity,
adsorption and ionic equilibria (precipitation acoimplex formation). And for the
second part, the dynamic effects which include wlatographic effects, mobility
control, flow diversion by precipitates and emutsifion. In second part, dynamic
effects mostly influenced by the injection straésgof the chemicals. As from this
observation, by investigating different method ajection using surfactant/co-
surfactant, the dynamic effects during the floodity take place and measurement
will be made to propose the optimum injection metifar the formulated solutions.
Economically, this will increase the productivity ® well during tertiary recovery

using surfactant flooding method.

1.6 Result

The expected result from the experiment is theowarirecovery performance; the
residual oil recovery from each different methog.dmparing the performance, the
optimum will be proposed. All methods will be utiig branched alcohol as co-

surfactant in chemical solutions for each methstegh



Chapter 2: Literature Review

2.1 Enhanced Oil Recovery

Enhanced oil recovery (EOR) generally refers tohmétintroduced in recovering oil
in place using other than natural energy of therasr [1]. Oil recovery operations
are categorised into three categories; primaryprsary, and tertiary. Primary
recovery is the initial production technique, usitigg natural reservoir drive to
displace the oil. Secondary recovery are the staaebeen applied to the well after
the production from the first recovery had declinebcesses in secondary recovery
are waterflooding, pressure maintenance, and gestion. The tertiary recovery is
applied in the third stage of production. Processestertiary recovery include
miscible gasses, chemicals and thermal energyspatie the oil left in the reservoir

after the second stage of production also knowresidual oil.

Introduction of tertiary recovery techniques arein by two factor, economics and
technical factor. Tertiary recovery is being imptrted to the well which
production by the secondary recovery had decreasddcost to operate the well
increased. Technical factor that drive the usageriiry recovery techniques is the
limitation of using secondary technique, for exaenphterflooding in displacing oil

in less accessible parts of the reservoir.

The successfulness of EOR procedure is measuréa iamount of the residual oil

that able to be displaced from trapped locatiotihéoproduction well.



2.2 Tertiary recovery: Surfactant Flooding

Surfactant EOR has been investigated for many y®éth the surge of the crude oil
process and technique, scientific researches hasen bconducted for the
improvement of the technique. Surfactant usage vkelbwn in stimulation

treatments; emulsion prevention, wettability altieraand surface tension reduction.

Figure below show some of the surfactants usagfeeipetroleum industry .

Table 1: Example of surfactant applications in petroleunustdy

System Applications

Solid/Liquid Reservoir wettability modifiers
Reservoir fines stabilizers
Tank/vessel sludge dispersants

Drilling mud dispersants

Surfactants generally contained a hydrophilic headydrophobic hydrocarbon tail,
and possible intermediate neutral groups [3]. \fe$eof the groups are common in
surfactant design. Certain structures of the stafas have been proven can increase

oil recovery performance.
Classification and Structure of Surfactants

Surfactant categories are based on the charamterighe head group [3]. Below are

the categories of surfactants:

- Anionic : Negative charge on the head groups

- Cationic : Positive charge on the head groups

- Nonionic : Does not ionize, head group is largantkail group
- Zwitterionic : Surfactant contains two groups opopite charge



Figure 1: Schematic of surface-active molecule [9]: Gly¢enpnostearate

| Polar headgroup: hydrophilic

Nonpolar end: lipophilic

The most common used surfactants in chemical flap@ sulfonated hydrocarbon.
Sulfonated hydrocarbons are effective in attainiogv IFT, inexpensive and
chemically stable [11]. Basic principle in surfadtaflooding is the usage of
surfactant is to displace residual oil that is pegh by high capillary forces within the
porous media [4]. To drive the oil from its currgathce, capillary force that holding
the oil in place must be decreased and increas#uideflow viscous force. There
are two key points for a surfactant to be considietgccess; first is by the ability of
the surfactant to reduce to interfacial tensiomeen oil and aqueous phase to ultra-
low values. Second is the depletion of the surfactibod which determines the

economical success for surfactant flooding.

Limitations for surfactant flooding can be dividedto two parts; one which
addressed by the formulations of the surfactarglefactant and the other part is
addressed by the injection of the surfactant. As study will cover on the second
part; limitation governed by injection strategytbé formulation. A thorough study
has been made on these limitations. Surfactanbiqmeaince mainly reduced due to
three factors which are precipitation, adsorptiotoadhe porous medium and phase
partitioning into a static or slow-moving phase. [@jvalent ion of C& and Md™ are

6



usually contained in brine. These ions are therdmrtor of the brine hardness which
increased the tendency of surfactant to preci@tdtbis process occurred due to ion
exchange or dissolution between the injected flaid the divalent ion contained in

brine.

Figure 2 below show the effects on incremental residualredovery obtained by
adding surfactant to the injection solution [4].€0of the common materials added
along with surfactant during chemical injection akohol. Co-surfactant will be
further discussed in the next section.

Figure 2. Incremental residual oil recovery obtained by addsurfactant to the
injection solution
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Figure 11.5  illustration of oil mobilization and recovery due to
capillary numbers achieved during chemical flooding.




2.3 Alcohol as Co-surfactant/Co-solvent

The purpose of introducing co-solvent are to inticE a small molecular weight
compound to act at the oil-water interface, getveen the surfactant hydrocarbon
groups and reduce the viscosity of the oil/watecroemulsion [10]. Alcohol is the

common candidate as co-solvent. Alcohol properpegarity, molecular weight, and

water solubility differ greatly from one class tther. Alcohol as co-surfactant are
effective for oil displacement as long as the twwonponent, surfactant and co-
surfactant do not separate. However, separatiahisftwo components cannot be

prevent as the retention of the surfactant is Wgbaher then alcohol.

Various alcohol used as co-solvent thus would Fageeat effect on the surfactant
ability to perform [11]. Salter, J.S had conducederiments to investigate the
effect of the alcohol type and amount of alcohcekobtrent have on the solubility of
surfactant alcohol mixture in brines of variousirgies [11]. The results from the
experiment conducted were reported as 1) the nmuntson viscosity decreases
with an increase in the amount of alcohol. 2) Th&noal salinity is independent of
the amount of alcohol added. 3) Mass fraction afrc@mulsion phase which results
at any salinity increases as the amount of alcatided to the system is increased. 4)
The interfacial tension measured at any salinitydases as the amount of alcohol

added to the system is increased.



2.4 Branched Alcohol

Branched alcohol enhanced surfactants study by ddaaa [7] showed that the
effectiveness of surfactant in reduction of IFTainwater interface dependent on the
branching of the side chains and reduction of tital thumber of carbon. In the
experiment, surfactants used were such agd GEsS; linear Guerbet Ethoxy
surfactant, @BGEsS; Branched Guerbet Ethoxy surfactant, andLGS; linear
Guerbet sufactant. Efficiency in reducing IFT irr-AVater interface was 5.9, 5.0 and
4.7 respectively. While in Decane -Water interfabe, efficiency reported as 5.6 and
5.1 respectively. However, results showed thathtrtbranching of Guerbet
surfactant, GBGEsS reduces the efficiency back to 5Fdgure 3 below show the
schematic of Guerbet surfactant. It can be concthdelinear branching of the co-
surfactant or in this case, Guerbet alcohol gawtipe effects on efficiency of the

surfactant performance in reducing IFT.

Figure 3: Schematic of Guerbet surfactant
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2.5 Injection Method

Injection strategies are one of the aspects fomopation in surfactant flooding.
Injection strategies for formulation of surfactaotsurfactant have a great effect in
the chromatographic effect, mobility control, flogversion by precipitates and
emulsification [8]. Different injection methods strfactant/co-surfactant into the
well have been proposed [10]. Studies have beeremathg Alkaline Surfactant
Polymer (AFP) to investigate the effect injectiotrategies. Examples of the
injection method commonly used in AFP are:

1. By combining of alkali, surfactant and polymer imtaingle slug followed by
more polymer
By combining alkali and surfactant into a singlegslfollowed by polymer

Preinjection of alkali to condition the reservoir

w0 N

Surfactant followed by alkaline polymer

5. Injection of oil soluble acids followed by alkali
Experiment conducted by Troy R. French and Ch@leksephson [8] to investigate
the effect of injection strategy on ASP. Chemiaakd in the experiment was
Petrostep B-110, Petrostep B-105 surfactant, NajiG@2C0O3, NaCl and Flocon
4800-CX biopolymer. Core flooding experiment wasduacted using Barea core and
crude oil from Tucker sand of Hepler field. Methdested in the experiment were:

1. Surfactant followed by polymer

2. Surfactant followed by alkaline polymer

3. Alkaline surfactant followed by polymer

4

. Alkali, surfactant and polymer mixed in single farkation.

The observation from the experiment shows thatgusnethod three (3); alkaline
surfactant followed by polymer give the highest @tovery. Below is figure that

shows the typical injection sequence in chemiaading:

10



Figure4 : Typical injection sequence in chemical flooding
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However, no extensive works have been done usiagched alcohol instead of
alkaline. From the result of the AFP experimentsitclearly shows that injection
strategies of the chemicals contribute in the stafa flooding performance. Thus, it

is logical to perform a study for finding the basgection strategy for an optimized
formulation of surfactant/co-surfactant.
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Chapter 3: Research Methodology

3.1 Problem statement

Calculate the residual oil recovery for differen¢thiod of injection strategies using

well formulated surfactant/co-surfactant solution.

3.2 Project objective

Provide the optimum injection method for surfactaytutilizing branched alcohol as
co-surfactant. The optimum injection method will imglicated by the amount of

residual oil recovered from core flooding experiten

3.3 Background study

Oil recovery operation can be divided into thresges; primary recovery, secondary
recovery, and tertiary recovery. This study isuideld under Enhanced Oil Recovery
(EOR) for tertiary recovery. Tertiary recovery igtthird stage in the oil recovery
processes. The first stage, primary recovery iglthplacement of oil from reservoir
to production well by the mean natural drive; watieive, gas drive and gravity
drainage. After depletion in production under tivstfstage, the second stage of
recovery is introduced to the well. The most commmathods of secondary recovery
are water flooding, pressure maintenance and gestion. However, in secondary
recovery stage, water flooding is more widely uskte study conducted falls under
the third category of EOR which is tertiary recogueMethods used in tertiary
recovery are by injecting chemicals, thermal enenggt miscible gasses. Chemicals
injected into the wells have different effect ore thil recovery. Upon using the
optimum formulation of chemical, the strategiesirgéction also greatly influence
the flooding efficiency. The background of the stumbnducted is to measure the
residual oil recovery in tertiary EOR by using diént methods of injection.
Chemicals formulations to be used in this study assumed to be at optimum

condition.

12



3.4 Literature Review and Theory

Literature of this project was conducted by basedhe research papers produced on
the particular topic. Papers that reviewed wereanmigg the experiments that had
been conducted on the surfactant, co-surfactant emection strategies of
formulations. Also included was, the experimentadcedures conducted for Barea
coreflooding and the experiment for various in@etimethods using chemicals.
Calculations for determining compulsory items il mecovery in coreflooding

experiment also reviewed.

3.5 Data Acquisition

Coreflooding experiment will be conducted in thbdeatory for each strategies of
injection. 4 Barea cores will be used throughoet ékperiments. The data from the
cores; bulk volume, diameter, length and dry maidisbe recorded. In the preflood
process, initial brine saturation, initial oil sedtion, residual oil saturation and
permeability will be recorded for each core. Dgrehemical flooding, residual oil
recovery will be recorded. All experiments will benducted in the same duration to

eliminate inconsistent in data acquisitions.

3.6 Data Analysis and Calculation

Efficiency of residual oil displacement will belcalated based on the data collected
during chemical flooding. Efficiency of the dispéament will be compared to the

injection method used. Data will be representegraph.

13



3.7 Discussions of Results and Recommendation

The outcomes of the experiment conducted will balymed. The optimum method
of injecting chemicals into the core will be dissed further on the relevancy to be
used in the field work. Possible enhancement instdy carried will be proposed

for a better outcome.

3.8 Conclusion

The objective of the project will be reviewed. Rxajwill proposed the best method

in injecting chemicals into the core.

3.9 Project Activities

To achieve the objective of the project, core floexberiment needed to be
performed. Listed below is the summary of actigiti® be done in conducting

laboratory experiment of coreflooding:

1. Core preparations; using 3 cores, each for difterapthod. Cores were
labelled as ID 1, ID 2 and ID 3.

2. Preflooding of the core; brine flooding, crude ity and water flooding
3. Chemical flooding; using the various injection natlproposed
4. Collection of residual oil recovered by chemicaloitling

5. Calculations on the efficiency of each methods@dtion

14



Apparatus

Porosity is measured usifproPerm Equipment. The equipment utilizes Nitrogen
gas for confining pressure and valves operatind,H&lium gas as the measurement
fluid. The measurement principal is based on thetaady state method (pressure

fall-off) and the pore volume is determined usihg Boyle’'s Law technique.

Core flooding equipment that is used in this expent isRelative Per meability
Test System Equipment (RPS). Schematic of the equipment is as pegure 5.
This equipment can provide core displacement operdiy injecting fluids from
accumulators into the provided core holder. Threpasted accumulator are

installed to gather each of injection fluids thatill endure pressure to 10,000 psig.

Figure5: Schematic of Relative Permeability System

15



Corecleaning

Core to be clean in GQcore cleaning machine which use toluene to remove
dissolved hydrocarbon and using methanol to rendisaolved mineral.

Pre-flood Procedure

1. Brine flooding.

- Core first saturated with brine for a period ofo8110 hours and under 1200
psig of pressure.

- The flooded core then weighs to measure mass afagatl core for pore
volume and porosity.

- Core then flooded with brine at 1 mL/min, back gres of 1500 psig and
confining pressure of 2000 psig.

- The flushed core then use to obtain a brine perifiyalalue.

2. Crude oll flooding.
- Core then will be flooded with crude oil at flomeaof 0.8 mL/min until no
more water is produced and the core is saturatedoni

- Effluent from the core then is collected using aswing tube.

3. Water flooding.

- Core then will be flooded with formation water hetflow rate of 1 mL/min.
The process will be continued until no more oipreduced. Pressure drop,
volume of oil and brine are recorded..

- The effluent collected in measuring tube can bedus®e calculate the

recovered oil volume.
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Chemical Flooding Procedure

1. Surfactant flooding.

- Different methods of injecting surfactant and cofactant will be used to test
the most optimum method in injecting the surfactant

- A specified amount of surfactant and co-surfactaiit be chosen as the
optimum formulations.

- Below are the proposed method for injecting théastant:

» Surfactant and branched alcohol mixture prior jedtion of chase water
» Surfactant injection followed by branched alcohadl #ollowed chase water

» Branched alcohol injection followed by surfactantiahen chase water

Effluent Analysis

Effluent collected in the measuring tube basedawhenethod will be in the form of
microemulsions. To break the microemulsion phailelemt will be heated using hot
plate. Produced result from the heating process @and aqueous phase. The effluent
collected will be poured into glass vials and heéai@ 120°C for 24 hours. The
recovered oil volume then can be measured. Volumeesidual oil recovered is

more accurate measured in the liquid phase insteadicroemulsion phase.

! Based on Experimental Study of The Benefits of Bhaal Alcohol On Surfactant for
Enhanced Oil Recovery : Fluid — Fluid Study by NMkhd Qusyairi b Zulkifli
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Chapter 4: Calculation and Formulas

4.1 Phase Saturation Calculations

Brine saturated core were flooded with oil to residbrine saturation and the
flooded with brine to residual oil saturation. Gdéting these residual saturation
values is important for modelling relative permdgbicurves and for determining

the volume of oil which is recoverable during cheahiflood experiment.

After oil flood, the volume of water recovered daa used to calculate the initial olil
saturation. The recovered water volume is repldgedil in the core and represents
the oil volume that saturates the core. Initial salturation therefore the ratio of
recovered over water to total pore volume. Durihg water flood, a significant
amount of oil will be recovered which can be usecatculating the residual oil

saturation by subtracting from initial oil. Thesguations are as below:

Equation 1: Initial oil saturation

After oll flood:
So = Vw
0= Vp

Equation 2: Residual oil saturation

After water flood:

_Vw-=Vo

Sro = V—p

S = Initial Oil Saturation

S, = residual oil saturation

Vw = Produced water during oil flood

V, = Produced oil volume during water flood

V), = Pore Volume
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4.2 Oil Recovery Calculation

Chemical flooding will recover the residual oil raming after the water flood.

Effluent is collected in several glass tubes, wilhrecovered in two phases, free oil
or microemulsion phase. Free oil volumes are easdgisured from the markings on
the tube, while microemulsions are first brokemtigh heating before measuring the

free oil volume. The percentage of the residuatesbvered is given as:

Equation 3: Residual oil recovery

Vo,i
%Recovery = W X 100%

%Recovery = Percent residual oil recovered
V,.i= Volume of oil collected from effluent after hedten hot plate
Sio = Residual oil saturation

V, = Pore volume
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4.3 Permeability Calculations
4.31 Brine Permeability

Core initially saturated with synthetic brine. Faet flooding with brine conducted to
measure the absolute brine permeability of the camaple. The core has no oil
saturation at this time, a single phase Darcy’s isarearranged as such:

Equation 4: Absolute brine permeability
quL
AAP

Kbrine = Absolute brine permeability

Kbrine =

Q = Brine flow rate

AP = Total pressure drop (steady-state)
K = Brine viscosity

L = Core length

A = Core cross sectional area
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4.32 End-point Oil Permeability

Brine saturated core then will undergo crude abfling to displace the core until
containing only connate water or residual brineursdion end-point has been
reached. Flow at this point is assumed to be stesdte, single phase and constant
pressure and flow rate. Based on the assumptiomte,nidarcy’'s law is used to
calculate the permeability of the oil phase as:

Equation 5: Oil permeability

__qopol
YN

Ko = Permeability to oil
Qo = Qil flow rate (steady state)

Mo = Oil viscosity

4.33 End-point Water Permeability

As the core passed the crude oil flooding, it Ylther undergo a water flooding. In
which will displace the crude inside the core updsidual oil saturation end point.
Using the same assumptions as the above equatibruding oil, brine phase
permeability is defined as,Ko distinguish it from total permeability ofpkue.

Equation 6: Brine Permeability

_ qwpwl
Y= "aAP

Kw = Permeability to brine phase
Qw = Brine flow rate (steady-state)

Mo = Brine viscosity
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4.34 End-point Oil Relative Permeability

End point relative permeability is given as theaaf a certain phase permeability to
the total brine permeability at the point where §w. Calculation for both, oil and
brine end-point relative permeability are giverbatw:

Equation 7: End-point relative oil permeability

Ko
Kbrine

Ko = End-point relative oil permeability

Kro =

Ko = Oil phase permeability

Kurine= total brine permeability

4.35 End-point Water Relative Permeability

Equation 8: End-point relative brine permeability

Kw

Krw = ——
Kbrine

Kw = End-point relative brine permeability
Kw= Brine phase permeability

Kurine = Total brine permeability
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4.4 Mobility Ratio Calculation
4.41 End-point Mobility and Mobility Ratio

The mobility ratio is a dimensionless number thatlph characterize the
displacement efficiency between two fluids. Forte#aid, mobility value for itself
Is defined as:

Equation 9: Mobility of fluid
. Ki
Al = —
WL
Ai = Mobility of fluid i
Wi = Viscosity of fluid i

K; = effective permeability to fluid i

Equation 10: Mobility ratio

_ AMdisplacing fluid
~ Adisplaced fluid

M = Mobility ratio

A displacing fluid = Mobility number for the dispiag fluid

A displaced fluid = Mobility number for the displatBuid
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During core flood procedure, effective permeabiliglues of oil and water phases
were measure as end-point permeability valuesiveltd the total brine permeability
and these end-point relative permeability valueslmused to calculate an end-point
mobility ratio such as:

Equation 11: End-point mobility ratio

MO - Aw  Kw/pw
~ lo  Ko/po

M° = End-point mobility ratio

Ko = Oil relative permeability

Kw = Water relative permeability
Mo = Oil viscosity

Mw = Water viscosity

For core flood experiment, a mobility ratio lessarthone is favourable in
displacement while the value greater than onensidered unfavourable. This is due
to the oil relative permeability is generally largéghan the water relative
permeability, a water viscosity higher than thewsicosity is necessary to obtain a
mobility ratio favourable for displacement.
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4.42 Apparent viscosity

In designing surfactant and polymer, apparent gisganust be predetermined to be
equal or greater than the inverse of the totakiveamobility. This is to ensure that
the mobility ratio less than one during the floagdprocess. The apparent viscosity
can be calculated as given:

Equation 12: Apperent viscosity

1 1

Atrm ~— Krw Kro
urw Ho

Happ =

Happ = Apparent viscosity

Aapp = Total relative mobility

Hw = Brine viscosity

Mo = Oil viscosity

Kw = Relative brine permeability

Ko = Relative oil permeability
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Chapter 5: Results and Discussions

5.1 Discussions

A core flood experiment was conducted to test wérethe selected chemicals, the
ratio of chemical; surfactant and co-surfactant &mel method of injection are
capable of recovering a significant volume of rasidil from a core. The core flood
experiment conducted for this study mainly to meaghe recovery of the residual
oil for different method of injection using the sammhemical formulation. It was
uncertain about the effect of the method of infattio percentage of oil recovered.
However, due to limited chemical stock; branchemblabl, the experiment was only
able to be conducted using the first method. Tlesae for the shortage of the
chemical is due to the equipment used in condudiey experiment required a
minimum volume of liquid before can flooded intcetlcore. Thus, only the first
method was able to be performed and below is tli@ dad discussion from the

experiment conducted.

Core Data

A sandstone core was used in the core flood expatirand property data used to
characterize the core are shownTiable 2, 3 & 4. These property data covering;
core dimensions and pore volume, permeability atative permeability and initial
and residual saturation values. The crude useldertore flood experiment, Dulang
crude oil is produced from Dulang field where theliMemperature is 9C, thus the

core flood experiment was conducted at the pagrdgimperature.

The core was 3.9 cm long and 3.8 cm in diameten Wit.4% porosity giving the
total pore volume of 7.715 mL. Porosity and airnpeability was measured using
Poroperm equipment which used Nitrogen gas as #dium. Air permeability for

the core was reported as 51.1 mD.
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As the flooding experiment follow set of prelimigaflooding; brine flood, crude

flood, water flood and chemical flood, permeabibtyd relative permeability values
can be calculated from collected pressure drop feovd rate data. During brine
flooding, the core which was initially saturatedhwsynthetic brine of 58000 ppm of
NaCl (optimum salinity) was flooded with brine. Thalculated permeability gives
the total brine permeability of the core which wai.3mD. End-point oll

permeability can be calculated when the core coathiresidual water saturation.
Calculation gave the value as 17.4mD. During wdieod, the end-point brine
permeability can be calculated which give the vafi®.7mD. Using both, end-point
permeability for oil and water, relative end-popgrmeability for oil and water can

be calculated which gave the value of 0.82 and fedpectively.

Initial and residual saturation values were cakadarom recovered oil and water
volumes during the oil and water flood experimentbe oil flood experiment

showed the initial oil saturation of 0.774 with esidual water saturation of 0.226.
The water flood experiment rendered an residuakailuration value of 0.52 thus
giving the initial water saturation of 0.48. Thaeohen was ready to be flooded with
chemical and the recovering of the residual oihtisan be achieved which is the

main objective of the experiment.

Injected Fluid data
Synthetic Formation Brine

Synthetic brine used in the experiment initial &ausate the dry core and to flood the
core during the brine flood and water flood expents. Brine formation used in the
experiment consisting of Neand CI* ions which however neglected other major
hardness contributors which are M@nd C&". The brine viscosity was measured
using a Viscometer which provides the value of 3spown inTable 5). The

measurement however conducted at room temperat@f&® due to limited facility.
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Surfactant Slug and Polymer Drive

In the experiment conducted, the main purpose wasuestigate how much of
residual oil can be recover using surfactant amaadired alcohol in different method
of injections. For the first method; surfactant aménched alcohol mixed prior
injection of polymer. Surfactant used was Dimethtdolecyl Ammonio and

branched alcohol of 2-Methyl 1-Butanol. The setattof chemical was based on
good phase behaviour experiment conducted in fluid-study. The concentration
for the surfactant was 2 wt% while for the alcolehs at 0.3 wt% and brine
concentration was 5.8wt% NaCl. The ratio basedloid-fluid study between the

surfactant and co-surfactant was at 10:3

The formulation selection for the polymer drive wi&0ppm Polyachralamide. The
purpose of preparing the polymer was only to ach asobility buffer to ensure that
no loss of surfactant into channels inside the.dbiie also to be as a sweeping agent
to ensure that all the surfactant is being movexnfithe core inlet and flushed
through up to the core outlet. The mobility ratiw the polymer drive and surfactant
was calculated based on the viscosity of each diquising a Viscometer, the
surfactant/co-surfactant and the polymer viscosiBre measure which gave the
value of 0.7 cp and 6 cp respectively. Using tHatiree permeability of each phase,
the mobility ratio between the displacing fluid atite displaced fluid can be
calculated. The calculation gave the value forewatude and chemical/polymer
flood experiment of 0.928 and 1.09 respectivalylle 5). The value of mobility
ratio is considered preferable for a chemical flagdf it is less than or equal to one.
And the value larger than one is considered unfeala. For the polymer flood, the
value is slightly above 1 but it still considerevdurable since the measuring of the
viscosity for the phase may had been inaccuratéalmeachine and human error.
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Core Saturation and Preliminary Fluid Injection
Brine Flooding

Brine flood procedure was conducted using a tofal@OmL of synthetic brine
containing 58000ppm NaCl. Brine was injected atftber rate of 1.5 mL/min and
the inlet pressure was set at 1000 psig and thenamgp pressure of 2000 psig. The
brine was injected throughout the core and thespresdrop across the core was
recorded directly in term of time versus the diéferal pressure between inlet and
outlet. The flooding process was continued untg tressure difference &P
becoming constant. This procedure gave the averagsure drop of 3.104 psig (as
shown inFigure 11). Using this data, flow rate data and core dimamsi the
permeability of brine which represents the absopgemeability of the core can be
calculated. Result showed the value of 21.3nT@b{e 3). This is the basis for
calculating relative permeability calculations &her liquid phase.

Crude Oil Flooding

The oil flood was conducted using a total of 500 wiLDulang crude oil. The
flooding experiment run by injecting a constantflaate of the crude into the core at
rate of 1.0 mL/min and the inlet pressure of 108 @nd confining pressure of
2000 psig. The process was continued until no mater produced inside the glass
tube. Data recorded including; the pressure driope telapsed and the flow rate
which the experiment was conducted. From the re¢RieferFigure 12), calculation
can be made in finding the average pressure drepuring the pressure drop had
become constant at the end of the injection praeedie flow rate is assumed under
a steady-state condition. The average pressure akdpe core was in the steady-
state was at 9.531 psi@dble 8). Using the data, permeability then can be caledlat
which gave the value of 17.4 mD4gble 3).
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Water Flooding

The water flood experiment had conducted by imectihe synthetic brine at a
constant flow rate of 1.5 mL/min. The injection pegs was continued until no more
oil was produced from the core. Data recorded lier water flood experiment to
measure the pressure drop versus the pore voluirénefinjectedFigure 13 shows
the pressure drop across the core versus the parme of synthetic brine injected.
The brine injected continued until the pressurgpdroross the core almost constant
which shows that the core is in steady-state cmmditAn average pressure drop of
24.6 psig was recorded. An end-point permeabilify9ormD (Table 3) was
calculated for the core, which corresponded to adl-point relative brine
permeability of 0.46Table 3)

Surfactant/Co-surfactant/Polymer Flooding

Using the first method of injection; surfactant awdsurfactant mixed readily before
flooded into the core. Surfactant and co-surfactaixture was injected initially at
0.2 mL/min for 0.25 PV and was followed by polynigive at the flow rate of 1.5
mL until no more oil is produced from the core. $3t&re drop across the core was
recorded starting from the injection of 0.25 PVsaffactant mixture and continued
by the injection of polymer drive. Result of thedt experiment is as shown as in
Figure 14. Average pressure drop during the surfactant flmad recorded as 3.1

psig and for the polymer drive was 20.3 psig.

Effluent Analysis

Effluent was collected in 10mL glass tube. The psscrepeated until no more oil is
produced and the core flowed in steady-state utidepolymer flood. The injection

of first 0.25 PV of surfactant slug produced 2mLodfin the glass tube. While for

the next flood; polymer flood experiment the oibguced was in the lower quantity
which mostly 0.2mL to 0.3mL per glass tube.
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Oil Recovery

Figure 15 shows plot of cumulative oil recovery versus porumnes injected.
Based on the oil collected, the residual oil recedecan be calculated based on the
residual oil saturation before chemical flood expent. The chemical flood
recovered about 50% of the residual oil during lénk production and 39%

recovered during microemulsion production.
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Experiment 1:

Surfactant and branched alcohol mixed prior infegto the core

Table 2: Dimensions of the core used in the chemical flosidgithe first method of

injection

Core Name ID-2

Pore Volume PV 7.715 ml
Por osity 1] 17.247
Length cm 3.9
Diameter cm 3.8

Air Permeability mD 51.11

Table 3: Permeability and relative permeability values o tharea Sandstone core
used in the chemical flood experiment in the fingtthod of injection

Absolute brine permeability Kbrine 21.3 mD
End-point oil permeability Ko 17.4 mD
End-point brine permeability Kw 9.7 mD
End-point relative oil Kro 0.82

per meability

End-point relative brine Krw 0.46

per meability
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Table 4: Saturation data calculated for core used on thenca flood using the
first method

Initial water saturation Sw 0.226
Residual water Srw 0.48
saturation

Initial oil saturation So 0.774
Residual oil saturation Sro 0.52

Table 5: Viscosity of fluids used in the chemical flood. Aliscosity values was
measure at ambient temperature and pressufi€ afd 1 atm

Brine Viscosity Hw 3 cp
Crude oil viscosity Mo 5 cp
Surfactant slug Ms 0.7 cp
viscosity

Polymer driveviscosity Hp 6 cp

Table 6: Chemical concentration used in the surfactant slutife chemical flood
experiment

Dimethyloctadecyl Ammonio 2.0 wit%
(Propane Sulfonate)

2-Methyl 1-Butanol 0.3 wt%
Polyacralamide 0.1 wit%
NaCl (optimal salinity) 5.8 wt%
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Table 7: Flow rate, average pressure drop, injection volaaa for the brine flood
experiment

Flow rate 15 mL/min
Pressuredrop 3.104 Psi
(average)

Table 8. Flow rate, average pressure drop, injection volua& for oil flood
experiment

Flow rate 1.0 mL/min
Pressuredrop 9.531 Psi
(average)

Table 9: Flow rate, average pressure drop, injection volutag for water flood
experiment

Flow rate 15 mL/min
Pressure drop 24.6 Psi
(average)

Table 10: Flow rate, average pressure drop, maximum preskoge and injection
volume data for the chemical flood experiment

Flow rate 0.2 mL/min
Pressuredrop 3.102 Psi
(average)

Max pressuredrop 5.72 Psi
Surfactant slug volume 0.25 PV
Polymer drivevolume  * PV

*Polymer drive was injected until no oil was prodddrom the core
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Mobility and Maobility Ratio Calculation

Table 11: Mobility ratio for water flooding experiment

Viscosity Permeability Mobility
Displacing Fluid < 9.7 3.23
(Brine)
Displaced Fluid 5 17.4 3.48
(Crude)
Mobility Ratio 0.928
Table 12: Mobility ratio for chemical flooding experiment

Viscosity Permeability Mobility
Displacing Fluid 6 17.73 2.96
(Polymer)
Displaced Fluid 0.2 1.89 0.95
(Surfactant)
Mobility Ratio 1.09
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Core Data from PoroPerm

M easurement:

Grain Bulk
Core Vp Kair Vgrain  porosity Vbulk Density density

syafiq 5.875915 4.9392 38.36818 13.28068 44.244166429471 2.31106}

syafig-
ID1 5.967744 4.862592 38.27635 13.48823 44.2441 7138831 2.311065

syafig-
ID2 7.715374 51.1087 37.01971 17.24681 44.73508 2.60993421 2.159804

syafig-
ID3 7.990991 43.08901 35.9631 18.18031 43.954095828021 2.17499]

Figure 6: PoroPerm test result
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Figure 7: Collected brine during oil flood at &0.

Figure 8: Collected oil during water flood at %0.
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Figure 9: Collected free oil during surfactant slug injectatroC.

Figure 10: One of measuring tube which used to collect effiuduring polymer
flood at 96C.
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Figure 11: Pressure drop across the entire core versus pduvenge of injectec
synthetic formation brine durirbrine flood experiment at 96C
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Figure 12: Presste drop across the entire core versus pore volwhBsilang crude
injected during theil flood experiment at 96C
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Figure 13: Pressure drop across the entire core versus pduengs of syntheti
formation brine injected duril thewater flood experiment at 9GC
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Figure 14: Pressure drop across the entire core versus pdremgoinjecte.
Surfactant slug was injected for the first 0.25 PV arpolymer drive for the

remaining until the no more oil is fduced. The experiment was performed ©C
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Figure 15: Cumulative residual oil recovery from original oil saturation during
water flood data obtained from effluent analysis of the cooedl with Dulang crud

oil
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Figure 16: Cumulative oil recovery from residual oil during chemical flooding
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Chapter 6

6.1 Key Milestone

Week

Project

1-2
2-5

8-10

11-13

14-16

17-19

20-22

23-24

Final Year Project Topic selection period

Performed research on the topic:

Surfactant

Co-surfactant

Fluid-Rock study

Proposal submission:

Initial objective was to investigate the effectusing branched alcohol
on IFT, Adsorption, and Oil recovery

Proposal defence:

Need to narrow the scope of work

Interim report preparation:

Study on the effect of injection method on ASP ¢y

Project objective narrowed to find the optimum atien strategy for
the formulated surfactant solution by Nik Mohd Qaisly

Study on operating Relative Permeability Test Syste

Assisting Nik Mohd Qusyairi in the fluid-fluid styd

Start the preparation of cores to be used in domgling experiments.
3 cores will be cleaned, measured and prefloodieggulures will be
conducted.

Chemical flooding will be conducted. Based on theriulations given
by Nik Mohd Qusyairi

Final report and poster preparation
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Chapter 7: Tools and Equipment

7.1 Tools and Equipment

Measuring tube

Relative Permeability Test System Equipment
PoroPerm Equipment

Hot plate

Mass balance

Rack

o g0k~ w b RE

Chapter 8: Conclusion and Recommendation

8.1 Conclusion

Core flood experiment was conducted to investitfagedifference capability
of recovering residual oil using different methotl injection. However, due to
limitation of chemical stock (branched alcohol) tiigective of the experiment failed
to be achieved. Therefore, only the first methodhgction which was put into test,
it was tested that the method is able to recowerebidual oil and this can be used as
the benchmark of using branched alcohol as co-sarfia This experiment was
conducted as the continuation from phase behasioaly using the formulations.

The core flood experiment in this researched deimates that using a
branched alcohol as co-surfactant with the suitabléactant can recover trapped oil
inside the pore spaces in the core. The result filoeenexperiment was found as
favourable as in term of oil recovered; the peragatwas at 90% from the residual
oil. Still to be included in the experiment waseatihard ions such as Mgand C&"
in the synthetic brine. The stated properties waly the results of the flooding
experiment as more reaction between the surfaatahto-surfactant will occurred.

This core floods shows very clearly that using bled alcohol as co-
surfactant and mixing the co-surfactant and suafdcteadily before injecting into

the core have a preferable results in term of uadidil recovery.
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8.2

Recommendation

. The study should also cover on the adsorption ef ¢hemicals using

different injection strategies as this would playgmeat part in economic

success of chemical flooding.

. Field core should be use in the core flooding expent as the properties are

differed from Barea core.

. Viscosity measurement for each liquid phase shdnédconducted at the

reservoir temperature as in this cas€®s the viscosity was measured for
the experiment was at room temperature, the valters greatly compared
to the in-situ viscosity value for the fluids used.

. Core with larger diameter and length should be @sethe core with smaller

size is unable to store the crude inside the puaiees efficiently which might
affect the oil recovery process.

. Core with higher air permeability needed to be enosince permeability

greatly influences the fluid flow inside the corRange for a good

permeability is between 200mD to 500mD.
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APPENDIX A

BRINE FLOOD EXPERIMENT DATA



Date Time

3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutass
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiis
3/1/2012 #itit
3/1/2012 #ikutass
3/1/2012 #itit
3/1/2012 #ikutass
3/1/2012 #itit
3/1/2012 #itit
3/1/2012 #ikutiis
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #itutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #iutass
3/1/2012 #itiit
3/1/2012 #iutass
3/1/2012 #itit
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itis
3/1/2012 #ikutiis
3/1/2012 #itis
3/1/2012 #iutais
3/1/2012 #itit
3/1/2012 #ikutass
3/1/2012 #itit
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #itit
3/1/2012 #iutiis
3/1/2012 #itit
3/1/2012 #iutass
3/1/2012 #ikutiis
3/1/2012 #itint
3/1/2012 #ikutiis
3/1/2012 #itit
3/1/2012 #ikutiis
3/1/2012 #itit
3/1/2012 #ikutass
3/1/2012 #itit
3/1/2012 #ikutiss
3/1/2012 #ikutiis
3/1/2012 #itit
3/1/2012 #ikutiis
3/1/2012 #itit
3/1/2012 #ikutass
3/1/2012 #itit
3/1/2012 #ikutass
3/1/2012 #itit

Elapsed

minutes

031

0.52

1.02

152

202

252

3.02

352

4.02

452

5.02

5.52

6.02

6.52

7.02

752

8.02

852

9.02

9.52
10.02
10.52
11.02
11.52
12.02
12.52
13.02
13.52
14.02
14.52
15.02
15.52
16.02
16.52
17.02
17.52
18.02
18.52
19.02
19.52
20.02
20.52
2102
2152
2.0
2.5
23.02
235
24.02
2452
25.02
2552
26.02
26.52
27.02
27.52
28.02
28.52
29.02
2952
30.02
30.52
3102
3152
3202
3252
33.02
3352
3402
3452
35.02
35.52
36.02
36.52
37.02
3752
38.02
38.52
39.02
39.52

Inlet
Pressure
psi

1025.75
1033.37
1049.24
1060.66
1070.18
1073.99
1074.63
1075.9
1073.99
1072.72
1070.18
1070.82
1068.91
1067.01
1063.84
1062.57
1063.2
1058.76
1055.58
1054.95
1053.04
1049.24
1047.33
1042.89
1042.25
1039.08
1038.44
1036.54
1031.46
1030.19
1018.77
1022.58
1023.21
1020.67
10175
1018.77
1014.96
1014.96
1014.32
1013.69
1012.42
1009.24
1009.88
1008.61
1008.61
1007.34
1006.71
1006.07
1006.07
1002.9
1003.53
1001.63
1002.9
999.09
999.09
1000.36
998.45
995.28
999.09
998.45
1004.8
1005.44
1009.24
1009.88
1013.69
1015.59
1018.13
1021.31
1024.48
1030.83
1032.73
1034
1036.54
1037.81
1039.71
1041.62
1047.33
1048.6
1049.87
1051.14

Outlet
Pressure
psi

1022.58
1030.19
1046.06
1058.76
1065.74
1069.55
1070.82
1072.72
1070.18
1068.91
1068.91
1065.74
1065.11

1063.2
1060.66
1058.12
1058.76
1054.95
1051.77
1051.14
1047.33
1046.06
1044.79
1040.98
1039.08
1035.27
1034.64
1032.73
1030.83
1027.02
1015.59

1019.4
1020.67

1017.5
1014.32
1015.59
1012.42
1012.42
1012.42
1010.51
1009.24
1006.71
1006.71
1005.44
1005.44

1004.8
1003.53

1002.9

1002.9
1000.36
1000.36

998.45

997.82

997.18

996.55

994.65

996.55

993.38

997.18

996.55
1002.26
1002.26
1006.71
1007.34
101115
1013.69
1015.59
1018.13
102131
1027.65
1030.19
1031.46
1033.37
1035.27
1037.17
1039.08
1045.43
1046.06
1047.33
1049.24

317
3.18
3.18

19
444
4.44
3.81
3.18
3.81
3.81
127
5.08

38
3.81
3.18
445
4.44
3.81
3.81
3.81
571
3.18
254
191
317
3.81

38
3.81
0.63
317
3.18
3.18
2.54
317
3.18
3.18
2.54

0.465
0.78
153
228
3.03
3.78
453
5.28
6.03
6.78
7.53
8.28
9.03
9.78

1053

11.28

1203

1278

1353

14.28

15.03

1578

16.53

1728

18.03

1878

19.53

2028

2103

2178

2253

2328

24,03

2478

2553

2628

27.03

2178

2853

2928

30.03

3078

3153

3228

33.03

3378

3453

3528

36.03

3678

3753

38.28

39.03

3978

40.53

41.28

4203

4278

4353

44.28

45.03

45.78

46.53

47.28

48.03

48.78

49.53

50.28

5103

5178

5253

53.28

54.03

5478

55.53

56.28

57.03

57.78

5853

59.28

0.060272
0.101102
0.198315
0.295528
0.392741
0.489955
0.587168
0.684381
0.781594
0.878808
0.976021
1073234
1.170447
1.26766
1364874
1462087
1.5593
1656513
1753727
1.85094
1.948153
2.045366
2142579
2239793
2337006
2434219
2531432
2628645
2725859
2823072
2920285
3.017498
3.114712
3.211925
3.309138
3.406351
3.503564
3.600778
3697991
3.795204
3.892417
3.989631
4.086844
4.184057
4.28127
4.378483
4.475697
457291
4670123
4.767336
4.86455
4.961763
5.058976
5.156189
5.253402
5.350616
5.447829
5.545042
5.642255
5.739469
5.836682
5.933895
6.031108
6.128321
6.225535
6.322748
6.419961
6.517174
6.614388
6.711601
6.808814
6.906027
7.00324
7.100454
7.197667
7.29488
7.392093
7.489307
7.58652
7.683733

Overburde dP
Pressure  High
Volume Inj Pore Volun psi

1919.95
1930.74
1956.13
1983.42
2007.55
2031.03
2055.79
2076.74
2081.82
2079.28
2078.64
2078.64
2078.64
2078.64
2078.64
2079.28
2079.28
2079.28
2079.28
2078.64
2078.64
2076.74

2076.1
2075.47
2073.56
2071.66
2070.39
2068.48
2067.22
2065.95
2058.33
2050.08
2044.36
2040.55
2038.02
2035.48
2034.21
2031.67
2031.03

20304
2029.76
2028.49
2028.49
2027.86
2027.86
2027.22
2026.59
2025.95
2025.32
2024.05
2023.42
2022.78
2022.15
2021.51
2020.24
2018.97
2018.97
2018.34

20177
2016.43

2015.8
2015.16
2014.53
2013.26
2011.99
201136
2010.09
2009.45
2007.55
2006.91
2006.28
2004.37
2003.74

2003.1

2003.1
2001.83

2001.2
1999.93
1999.29
1998.66

5.2
5.2
5.2
5.2

-5.28
-5.28
-5.28
-5.28
-5.28
-5.28
-5.28
-5.28

5.2
5.2
5.2
5.2

-5.28
-5.28
-5.28
-5.28
-5.28

5.2
5.2

-5.28
-5.28

5.2

-5.28

5.2

-5.28
-5.28
-5.28
-5.28
-5.28
-5.36
-5.28
-5.36
-5.28
-5.28
-5.28
-5.28
-5.28
-5.28
-5.28
-5.36
-5.28
-5.28
-5.28
-5.28
-5.36
-5.36
-5.28
-5.28
-5.28
-5.28
-5.28
-5.36
-5.36
-5.36
-5.28
-5.36
-5.36
-5.28

5.2

-5.28
-5.36

5.2

5.28

5.2

5.28
-5.28
5.28

5.2

-5.28

5.2

-5.28
-5.28

5.2

-5.28
-5.28

-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.06
-0.06
-0.07
-0.07
-0.06
-0.07
-0.07
-0.07
-0.07
-0.06
-0.07
-0.07
-0.06
-0.06
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.07
-0.06
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.07
-0.08

89.34
89.34
89.34
89.66
89.66
89.98
89.98
89.98
90.61
90.61
90.61
90.93
90.93
90.93
90.93
90.93
9125
9125
9125
9125
9125
9157
9157
9157
9157
9157
9157
9157
91.88
91.88
9157
91.88
91.88
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9157
9125
9157
9157
9157
9157
9125
9125
9125
9157
9157
9125
9157
9157
9157
9157
9157
9157
9157
9125
9157
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O 0O 0O 0O 0000000000000 O0OO0OOO0OO0O0O0 0000000000 0000000000000 OO0 00000000000 OO OO OO 000000 OO0 OO OO OO

O 0O 0O 00 000000000000 0000000 0000000000 00000000000 00000000000 OO0 0000000000000 0000 OO OO
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O 0O 0O 0000000000000 0000000 0000000000 0000000000000 000000000000 00000 000000000000 OO O O

Isco Pump Isco Pump Isco Pump Actual Gas Separator Separator Liquid A
Temperatu Flow Rate s Flow Rate [ Flow Rate / Flow Rate Upper Volt Lower Vol Permeabilii Permeabili Permeabili Mode

O 0O 0O 0000000000000 0 0000000000000 0000 0000000000000 000000000000 00000 000000000000 OO O O

O 0O 0O 0O 0000000000000 O0O0OOO0O00 0000000000 0000000000000 00000000000 OO OO OO OO 000000 OO0 OO OO OO

O 0O 0O 00 000000000000 0000000 0000000000 0000000000000 000000000000 00000 000000000000 OO OO

Log

0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto
0 Auto



APPENDIX B

OIL FLOOD EXPERIMENT DATA



Date

3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012
3/1/2012

Time

it
it

s

Elapsed

7.51
8.01
8.51
9.01
9.51

10.01

10.51

11.01

11.51

12.01

12.51

13.01

13.51

14.01

14.51

15.01

15.51

16.01

16.51

17.01

17.51

18.01

18.51

19.01

19.51

20.01

2051

21.01

2151

22.01

22551

23.01

2351

24.01

24.51

25.01

25.51

26.01

26.51

27.01

27.51

28.01

28.51

29.01

2951

30.01

30.51

31.01

31.51

32.01

32.51

33.01

33.51

34.01

34.51

35.01

35.51

36.01

36.51

37.01

37.51

38.01

38.51

39.01

39.51

40.01

40.51

41.01

4151

42.01

42,51

43.01

43.51

44.01

44.51

45.01

45.51

46.01

46.51

47.01

a7.51

48.01

48,51

49.01

49.51

50.01

50.51

51.01

51.51

52.01

52.51

53.01

53.51

54.01

54.51

55.01

55.51

56.01

56.51

57.01

57.51

58.01

58.51

59.01

59.51

60.01

60.51

61.01

61.51

62.01

62.51

63.01

63.51

64.01

64.51

65.01

65.51

66.01

66.51

67.01

67.51

68.01

68.51

69.01

69.51

70.01

70.51

71.01

71.51

72.01

72.51

73.01

73.51

74.01

74.51

75.01

Inlet
Pressure
psi
1082.88
1096.84
1119.06
1141.91
1155.88
1158.42
1157.15
1157.78
1157.78
1158.42
1159.05
1159.05
1159.05
1159.69
1159.69
1159.05
1158.42
1157.78
1157.15
1155.88
1155.24
1159.69
1160.32
1157.78
1159.05
1157.78
1149.53
1150.8
1157.15
1157.15
1155.24
1157.15
1155.88
1157.78
1154.61
1155.88
1155.88
1155.88
1155.88
1155.24
11343
1125.41
1122.87
11235
1125.41
1126.68
1127.95
1130.49
1133.66
1135.57
1137.47
1137.47
1138.74
1138.74
1138.1
1138.1
1138.1
1137.47
1137.47
1138.1
1137.47
1137.47
1136.2
1136.2
1136.2
1137.47
1136.2
1135.57
1135.57
1136.2
1136.2
1134.93
1134.93
1135.57
11343
11343
11343
11343
11343
11343
1133.66
1133.66
1133.03
1133.03
1131.76
1133.03
1131.76
1130.49
1129.85
1129.85
1129.85
1129.85
1129.22
1129.22
1131.12
1131.76
1129.22
1127.31
1126.04
1126.04
1126.68
1127.31
112731
1133.03
1131.76
1131.76
1131.76
1131.12
1131.76
1131.12
113112
113112
1130.49
1130.49
1130.49
1129.85
1129.85
1129.22
1129.22
1129.22
1129.22
1129.22
1127.95
1127.95
1127.95
1127.95
1127.95
1127.95
1127.95
1127.95
1127.31
1127.31
1126.68
1126.68

1110.81
1110.81
1111.44
1111.44
1110.81
1110.81
1110.81
1111.44

Outlet
Pressure
psi
1079.07
1093.67
1115.89
1138.74
1152.07
1153.34
1151.43
1150.8
1150.8
1150.17
1150.17
1149.53
1148.26
1148.26
1147.63
1146.99
1146.99

1103.19

10.15

Injected Flt Pore Volun psi

0.51
1.01
151
2.01
251
3.01
351
4.01
451
5.01
5.51
6.01
6.51
7.01
7.51
8.01
8.51
9.01
9.51

10.01

10.51

11.01

11.51

12.01

12.51

13.01

13.51

14.01

14.51

15.01

15.51

16.01

16.51

17.01

17.51

18.01

18.51

19.01

19.51

20.01

2051

21.01

2151

22.01

2251

23.01

2351

24.01

2451

25.01

2551

26.01

26.51

27.01

2751

28.01

2851

29.01

2951

30.01

3051

31.01

3151

32.01

32551

33.01

3351

34.01

3451

35.01

3551

36.01

36.51

37.01

37.51

38.01

3851

39.01

39.51

40.01

40.51

41.01

4151

42.01

42,51

43.01

43.51

44.01

44.51

45.01

45.51

46.01

46.51

47.01

47.51

48.01

48.51

49.01

49.51

50.01

50.51

51.01

51.51

52.01

5251

53.01

53.51

54.01

54.51

55.01

55.51

56.01

56.51

57.01

57.51

58.01

58.51

59.01

59.51

60.01

60.51

61.01

61.51

62.01

6251

63.01

63.51

64.01

64.51

65.01

65.51

66.01

66.51

67.01

67.51

68.01

68.51

69.01

69.51

70.01

7051

71.01

7151

72.01

7251

73.01

7351

74.01

7451

75.01

Overburde
Pressure

0.036293  1978.35
0.066105  1975.81
0.130914  1967.56
0.195723  1962.48
0.260531  1958.03

0.32534  1954.23
0.390149  1950.42
0.454958  1947.24
0519767  1946.61
0.584576  1944.07
0.649384  1943.43
0.714193  1942.16
0.779002  1941.53
0.843811  1940.9

0.90862  1939.63
0.973428  1939.63
1.038237 1939.63
1.103046  1939.63
1167855  1940.9
1232664  1940.9
1297472 1940.9
1362281  1941.53

1.42709 1942.16
1.491899  1942.16
1556708  1942.8
1621517  1942.8
1.686325 1943.43
1751134 1944.07
1.815943  1945.34
1.880752  1945.97
1.945561  1946.61
2.010369 1947.24
2075178 1949.15
2139987  1949.15
2204796  1949.78
2269605 1951.05
2334413 1951.69
2.399222  1952.96
2.464031 1953.59

252884  1954.23
2593649  1954.86
2658458  1955.49
2723266  1957.4
2788075  1958.03
2852884  1958.67
2917693  1959.94
2982502  1961.21

3.04731  1961.84
3112119  1963.11
3176928  1963.75
3241737  1965.02
3306546  1965.65
3371355  1966.29
3.436163  1967.56
3.500972  1968.19
3.565781 1969.46

3.63059  1970.73
3.695399 1972
3.760207  1973.27
3.825016  1974.54
3.889825 1975.17
3.954634 197581
4.019443  1977.08
4.084251 1978.35

4.14906  1978.98
4.213869  1979.62
4.278678  1981.52
4.343487  1982.16
4.408296  1982.79
4.473104  1983.42
4.537913  1984.06
4.602722  1985.96
4667531  1986.6

473234 1987.23
4.797148  1987.87
4.861957  1989.77
4.926766  1990.41
4.991575  1991.04
5.056384  1991.68
5121192  1992.31
5.186001 1993.58

525081 1994.22
5315619  1994.85
5380428  1996.12
5.445237  1997.39
5.510045 1998.02
5.574854  1998.66
5.639663  1999.29
5.704472  1999.93
5.769281  2001.2
5.834089  2001.83
5.898898  2002.47
5.963707  2003.1
6.028516  2003.74
6.093325  2004.37
6.158134  2005.64
6.222942  2006.28
6.287751  2006.91

6.35256  2007.55
6.417369  2008.18
6.482178  2009.45
6.546986  2010.09
6.611795  2010.72
6.676604  2011.36
6.741413  2011.99
6.806222  2013.26

6.87103  2013.26
6.935839  2013.89
7.000648  2014.53
7.065457  2015.16
7.130266  2015.8
7.195075  2016.43
7.259883  2017.7
7.324692 20177
7.389501  2018.34

7.45431  2018.97
7.519119  2019.61
7.583927  2020.24
7.648736  2020.24
7713545 2021.51
7778354 2022.15
7.843163  2022.15
7.907971  2022.78

7.97278  2023.42
8.037589  2024.05
8.102398  2025.32
8.167207  2025.32
8.232016  2025.95
8.296824  2026.59
8.361633  2026.59
8.426442  2027.22
8.491251  2027.86

8.55606  2027.86
8.620868  2028.49
8.685677  2028.49
8.750486  2028.49
8.815295  2029.76
8.880104  2030.4
8.944913  2030.4
9.009721  2031.03

9.07453  2031.67
9.139339  2031.67
9.204148  2033.57
9.268957  2033.57
9.333765  2034.21
9.398574  2034.84
9.463383  2034.84
9.528192  2035.48
9.593001  2035.48
9.657809  2036.11
9.722618  2036.11

dp

dp
Low
psid

Core
Temperatu

91.25
91.25
91.25
91.25
90.93
90.93
90.93

Isco Pump Isco Pump Isco Pump Actual Gas Separator Separator
Flow Rate s Flow Rate | Flow Rate / Flow Rate Upper Volu Lower Volt Permeabili Permeabili Permeabili: Mode

ml/min
o5
0.89

L T

ml/min
os
o.118

mlI/min

N P P T

scem

0000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000O0

ml

0000000000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

mi

0000000000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Liquid A

md

9.229
9.091
9.091

Liquid B

md

0000000000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Gas

md



APPENDIX C

WATER FLOOD EXPERIMENT DATA



Date Time Elapsed Inlet Outlet Overburde dP dp Core Isco Pump Isco Pump Isco Pump Actual Gas Separator Separator Liquid A Liquid B Gas Log

Time Pressure  Pressure Pressure  High Low Temperatu Flow Rate / Flow Rate | Flow Rate J Flow Rate Upper Volt Lower Volu Permeabili Permeabilit Permeabilit Mode

minutes psi psi » Volume  Pore Volun psi psid mi/min  ml/min  mi/min  sccm ml ml md md md
3/1/2012  12:08:01PM 032 96862  965.45 317 0 0 2029.76 551 91.88 0 0 0 0 0 0 0 0 0 Auto
3/1/2012  12:08:11PM 05 96164  958.46 318 0 0 2028.49 551 91.57 0 0 0 0 0 0 0 0 0 Auto
3/1/2012  12:08:41PM 1 109304 1089.23 381 15 0194426 2019.61 551 91.88 075 075 15 0 0 0 13047 0 0 Auto
3/1/2012  12:09:12 PM 15 11197 11089 108 225 029164 201326 536 91.88 -60 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:09:41 PM 2 112541 111017 1524 3 0388853 2006.91 551 9157  -59.97 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:10:11PM 25 112922 110954  19.68 375 0.486066 200183 -5.59 91.57 -60 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:10:41PM 3 113176 111017 2159 45 0583279 199739 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:11:11PM 35 1133.03 110954 2349 525 0680493 199358 -5.59 91.57 0 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:11:41PM 4 113366 110954 2412 6 0777706  1990.41 551 91.25 -0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:12:11PM 45 113366 111017  23.49 675 0874919 1987.23 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:12:41PM 5 11343 110954  24.76 75 0972132 198533 559 91.25 0 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:13:11PM 55 113366 110764 2602 825 1069345 1982.79 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:13:41PM 6 113176 1107 2476 9 1166559 198152 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:14:11PM 65 113366 110637  27.29 975 1263772 1979.62 559 91.25 0.01 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:14:41PM 7 113493 1107 27.93 105 1.360985 1978.98 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:15:11PM 75 1133.66 1107 2666 1125 1458198 1977.71 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:15:42 PM 8 1133.66 1107 2666 12 1555412 197771 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:16:11PM 85 11343 1107 273 1275 1652625 1975.81 559 91.25 0.01 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:16:41PM 9 1133.66 1107 26.66 135 1749838 1975.81 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:17:11PM 95 1133.66 1107 2666 1425 1847051 197517 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:17:41PM 10 1133.03 1107 26.03 15 1.944264 197073 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:18:11PM 105 1137.47 110954  27.93 1575 2041478 1969.46 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:18:41PM 11 11381 111208 2602 165 2138691 1967.56 551 91.25 0.02 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:19:11PM 115 114255 1117.16 2539  17.25 2.235004 1966.29 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:19:41PM 12 114826 11235 2476 18 2.333117  1965.65 -5.59 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:20:11PM 125 115524 1130.49 2475 1875 2430331 1963.75 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:20:41PM 13 1169.21 114382 2539 195 2.527544  1963.11 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:21:11PM 135 117429 1149.53 2476 2025 2624757 1963.11 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:21:41PM 14 117936 115461  24.75 21 272197 1962.48 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:22:11PM 145 118444 115905 2539 2175 2819183 1962.48 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012 15 117619 1145.09 311 225 2916397 196184 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012 155 11673 114382 2348 2325 3.01361 1961.84 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:23:41PM 16 117556 115334 2222 24 3110823 1961.84 551 91.25 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:24:11PM 165 118825 116413 2412 2475 3208036 1961.84 536 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:24:41PM 17 120031 117556 24.75 255 330525 1961.84 536 91.25 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:25:11PM 17.5 120412 117936 2476 2625 3.402463 1961.84 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:25:41PM 18 120856 118444 2412 27 3499676 1961.84 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:26:11PM 185 121047 118571 2476 2775 3596889 1961.84 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:26:41PM 19 121555 119079 2476 285 3694102 196248 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:27:11PM 195 121745 119143 2602 2925 3791316 1962.48 536 91.25 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:27:41PM 20 121618 119143 2475 30 3.888529 1962.48 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:28:11PM 205 121745 1191.43 2602 3075 3985742 1962.48 -5.59 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:28:41PM 21 121809 119206  26.03 315 4.082955 196248 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:29:11PM 215 121745 1190.79 2666 3225 4.180169 1963.11 536 91.25 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:29:41PM 22 121555 119016 2539 33 4277382 1963.11 536 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:30:11PM 225 121491 119016 2475 3375 4374595 1963.11 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:30:41PM 23 121555 118952  26.03 345 4.471808 1963.75 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:31:11PM 235 121491 1189.52 2539 3525 4569021 1965.02 551 91.25 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:31:41PM 24 121428 118825  26.03 36 4.666235 1965.02 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:32:11PM 245 121364 118698 2666 3675 4.763448 1965.65 536 91.25 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:32:41PM 25 1199.04 116286  36.18 37.5 4.860661 196565 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:33:11PM 255 117936 1153.97 2539 3825 4957874 1965.65 536 91.25 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:33:41PM 26 11781 115207 26,03 39 5.055087 1966.29 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:34:11PM 265 117429 115017 2412 3975 5152301 1965.65 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:34:41PM 27 1180 1157.15 2285 405 5249514 196248 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:35:11PM 275 119079 117365  17.14 4125 5346727 1961.84 559 91.25 0.03 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:35:41PM 28 119523 117048 2475 42 544394 1959.94 559 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:36:11PM 285 11965 117111 2539 4275 5541154 19593 536 91.25 0 15 15 0 0 0 13434 0 0 Auto
3/1/2012  12:36:41 PM 29 119841 117238 26,03 435 5638367 1958.67 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:37:11PM 295 1197.77 117175 2602 4425 573558 1958.67 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:37:41PM 30 119587 117111 2476 45 5832793 1958.67 551 91.25 -0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:38:11PM 305 11965 117111 2539 4575 5930006 1958.03 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:38:41PM 31 118635 115842  27.93 465 602722 195803 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:39:11PM 315 118952 11635 2602 4725 6124433 1958.03 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:39:41PM 32 118825 116159  26.66 48 6221646 1958.03 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:40:11PM 325 118698 1159.69 2729 4875 6318859 1958.03 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:40:41PM 33 119523 117238 22.85 495 6.416073 1958.67 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:41:11PM 335 1199.04 1172.38 2666 5025 6513286 1958.67 -5.59 91.25 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:41:41PM 34 11965 117111 2539 51 6610499  1959.3 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:42:11PM 345 119523 117048 2475 5175 6707712 19593 -5.59 91.25 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:42:41PM 35 119587 1169.84  26.03 525 6.804925  1959.3 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:43:11PM 355 11946 1169.21 2539 5325 6902139 19593 551 91.25 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:43:41PM 36 11946 1167.94  26.66 54 6999352 1959.94 -5.59 91.25 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:44:11PM 365 114509 1112.08 3301 5475 7.096565 19593 -5.59 91.25 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:44:41PM 37 111525 1089.86 2539 555 7.193778 1959.94 -5.59 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:45:11PM 375 1107.64 1086.69 2095 5625 7.290992 1959.94 551 91.57 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:45:41PM 38 113493 11197 1523 57 7388205 1961.21 559 91.25 0.02 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:46:11 PM 385 116159 114001 2158 5775 7.485418 1961.84 559 91.57 0.02 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:46:41 PM 39 116921 114572 2349 585 7.582631 196184 551 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:47:11PM 39.5 1169.21 114572 2349 5925 7.679844 1962.48 551 91.25 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:47:41PM 40 117429 115143 2286 60 7777058 1963.11 551 91.25 0.03 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:48:11PM 405 117429 11508 2349  60.75 7.874271 1963.11 551 91.57 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:48:41PM 41 117429 115017 2412 615 7971484 1963.75 559 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:49:11PM 415 117238 114953 2285 6225 8068697 1963.75 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:49:41 PM 42 117175 114953 2222 63 8165911 1965.02 551 91.57 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:50:11 PM 425 117238 114826 2412 6375 8263124 1965.65 551 91.57 0.02 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:50:41PM 43 117175 114826  23.49 64.5 8360337 196565 -5.59 91.25 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:51:11PM 435 117111 114763 2348 6525 845755 1966.29 -5.59 91.57 0 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:51:41PM 44 116921 114572 23.49 66 8554763 1966.92 551 91.57 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:52:11PM 445 1167.94 114509 2285 6675 8.651977 1967.56 551 91.57 -0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:52:41PM 45 1167.94 114509  22.85 67.5 874919 1967.56 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:53:11PM 455 116921 114509 2412  68.25 8.846403 1968.19 551 91.57 0.01 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:53:41PM 46 1167.94 114509  22.85 69 8943616 1969.46 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:54:11PM 465 1167.94 114509 2285  69.75 9.04083 1970.09 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:54:41PM 47 11673 114382 2348 705 9.138043 197073 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:55:11PM 475 116667 114318 2349 7125 9.235256 1970.73 -5.59 91.57 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:55:41PM 48 116921 114572 23.49 72 9332469 1972 -5.59 91.57 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:56:11 PM 485 116021 114382 2539 7275 9.429682 1973.27 551 91.57 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:56:41 PM 49 116667 114382  22.85 735 9.52689% 1973.27 551 91.57 15 15 0 0 0 13047 0 0 Auto
3/1/2012 495 1167.94 114382 2412 7425 9.624109 19739 551 91.57 15 15 0 0 0 13047 0 0 Auto
3/1/2012 50 11673 114318  24.12 75 9.721322 197454 559 91.57 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:58:11PM 50.5 1166.03 1143.18 2285 7575 9.818535 1974.54 551 91.57 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:58:41PM 51 116603 114255 2348 765 9.915749  1975.17 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  12:59:11 PM 515 116603 114191 2412 7725 10.0129 1975.17 559 91.57 0.01 15 15 0 0 0 12862 0 0 Auto
3/1/2012  12:59:41 PM 52 11654 114191 2349 78 1011017 1975.81 551 91.57 0 15 15 0 0 0 13047 0 0 Auto
3/1/2012  1:00:11PM 525 116413 114001 2412 7875 10.20739 1977.08 551 91.57 15 60 15 0 0 0 13047 0 0 Auto
3/1/2012  1:00:41 PM 53 116413 114001  24.12 795 103046 1977.08 559 91.57 15 60 15 0 0 0 12862 0 0 Auto
3/1/2012  1:01:11PM 535 116286 1139.37 2349 8025 10.40181 1977.71 551 91.57 15 60 15 0 0 0 13047 0 0 Auto
3/1/2012  1:01:41PM 54 116286 1139.37  23.49 81 10.49903 1977.71 551 91.57 15 0009 15 0 0 0 13047 0 0 Auto
3/1/2012  1:02:11PM 545 11635 1139.37 2413 8175 10.59624 1978.35 -5.59 91.57 15 0003 15 0 0 0 13047 0 0 Auto




APPENDIX D

SURFACTANT/BRANCHED ALCOHOL FLOOD EXPERIMENT DATA
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Pressure
psi
1082.88
1077.8
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0 Auto
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APPENDIX E

POLYMERFLOOD EXPERIMENT DATA



Date

3/1/2012
3/1/2012
3/1/2012
3/1/2012

3/1/2012

Time

AR
prrerre
AR
prrerre
AR
prrerre
HHHHRHH
prerre
A
prerre
A
prerre
A
prrre
A
prrr
A
prrr
A
prrr
A
prrre
A
prrr
A
prrre
A
HHHHRHH
prrerre
HHHHRHH
prrerre
AR
prrerre
AR
prrerre
AR
prerre
AR
prerre
A
prrr
A
prrr
A
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A
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A
prrrre
A
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AR
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AR
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prrre
AR
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A
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A
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A
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A
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A
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A
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A
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A
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A
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A
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A
prrre
A
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A
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A
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A
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A
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A
prrrre
A
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A
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A
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A
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A
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A
prrr
A
prrre
A
prrr
A
prrre
A
prrr
HHHH

Elapsed

425
43
435

445
45
455
46
265

Inlet
Pressure
psi
467.78
488.73
528.72
309.72

1202.22

Outlet
Pressure
si

466.51
486.82
526.18
317.34

1167.94

2P

Volume Injectec Pore Volun psi

0
0.75
15
225
3
3.75
45
5.25
6
6.75
75
825
9
9.75
105
11.25
2
1275
135
1425
5
1575
16.5
17.25
18
1875
19.5
2025
21
2175
25
2325
4
2475
25.5
26.25
7
2775
285
2925
0
3075
315
3225
3
3375
s
35.25
6
36.75
375
3825
9
39.75
405
4125
42
4275
235
44.25
45
45.75
6.5
47.25
8
48.75
295
50.25
1
51.75
525
53.25
54
54.75
55.5
56.25
7
57.75
58.5
59.25
60
60.75
61.5
62.25
63
63.75
64.5
65.25
6
66.75
67.5
68.25
69
69.75
70.5
7125
2
7275
735
7425
5
7575
76.5
77.25
7
78.75
795
80.25
8
81.75
825
83.25
8
84.75
855
86.25
8
87.75
885
89.25
90
90.75
915
92.25
93
93.75
95

-

"

N

N

w

w

w

w

&

@

@

o

N

N

3

2

&

N

o
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1106.17

1104.9
1099.18
1097.91
1097.91

2461.41

Overburde dP

Pressure  High

psid

dP
Low

psid
5

Core

°c

Isco Pump Isco Pump Isco Pump Actual Gas Separator Separator  Liquid A
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md

mi/min
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04

2

0.

2

-0.0:
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2
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2
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2

3
3
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o
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