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Miscible displacements of waterflood residual o¢il 1in
packed glass beads were carried out. In the experiments
n-hexane was used as solvent to miscibly displaced and recover
n-octane, n-decsne or mixture of both.

A gas chromatograph model HP 5890A wass employed to
determine the produced hydrocarbons volumetric compositions.
Samples injections were done manually by 1 ul syringe.
Flame-Tonization-Deteckter (FID) with helium and hydrogen =ss
carrier gas was used. The gas chromatograph integrator was

Shimadzu C-R3A.

Initially samples of known volumetric frsactions of
n-nexane, n-octaiie and n-decane wWere prepared. These were
injected into the gas chromatograph and the respective peak
‘areas were obtained. The known volumetric fractions versus the
peak areas obtained from the chromatograms were plotted for
each component. These standsrd curves were later wused to
determine the volumetric fractions of the produced fluids from

the miscible displacements.

The reproducibility of the svstem wss checked four times
and found very sstisfactory. More +than one hundred samples
containing mixtures n-hexane, n-octane and n-decane were
:analysed. The volume of samples range from 6.0 mL +to 12 ml.
' The volumetric fractions snd hence the recoveryv efficiency of

the miscible displacements were successfully obtained.
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Introduction

One of the methods to increase oil recovery from an oil reservoir is by injecting gases
into the reservoir. At the high reservoir pressure and temperature the injected gas is
miscible with the oil and is used to miscibly displace the oil towards the production
wells. This enhanced oil recovery technique is called miscible flooding. Two gases are
normally used; carbon dioxide and nitrogen.

Many experimental and simulation studies have been carried out to inlvcstigatc the
mechanism of miscible displacement and the parameters affecting it M, Research in
this area is still very active worldwide.

* Miscible displacement experiments were conducted in which solvent was used to
dispiace and recover waterflood residuat oil. The produced fluids from the
displacements were quantitatively analysed by gas chromatograph.

Instrumentation

Gas chromatographic apparatus, HP 5890A with an electronic integrator model
Shimadzu C-R3A was used. This gas chromatograph has a very high precision
capability and is equipped with an in-built computer control ),

Helium was used as the carrier gas. Hydrogen and industrial air were also used.
Hydrogen flame served as the ionizing source and industrial air was used to support the
flame. The pressure for the gases were maintained as follows: helium 185 kpa,
hydrogen 500 kpa and air 220 kpa.

Samples were introduced into the column by a 1 L Iamilton syringe. The oven
temperature was programmed to operate with initial terperature of 38 °C and the final
temperature of 300 °C. The temperature increment was set at 2 °C per minute. The
equilibrium time was 13 minutes.

Flame-Ionization-Detector (FID) was selected because it has the following
characteristics *:
i) It responds to virtually all organic compounds with roughly the same high sensitivity.
i} it does not respond to common carrier gas imparities such as water and carbon dioxide.
jii) it has minimal effects from flow, pressure and temperature changes.
iv) very few adjustments are needed,
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Experimental Procedures

The schematic flow diagram for the displacement experiments is skown in Figure 1. In
the experiments n-hexane represents the injected solvent while n-octane and n-decane
represent the residual oils. Prior to the miscible displacement tests, the cores were
waterflooded until the hydrocarbons reached residual saturations. N-hexane was
injected at various rates to miscibly displace the residual hydrocarbons. Besides injecton
rate, other variable parameters in the experiments were types of porous media
(water-wet or oii-wet), flow configuration (horizontal and vertical) and types of test
fluids used. The produced fluids were collected at regular time intervals and placed in
separate bottles. Injections were continued until 1.2 pore volumes of n-hexane had been
injected.

A calibration curve of peak area versus volumetric fraction was first obtained. This was
done by injecting many standard samples, the compositions and the respective
volumetric fractions of which were accurately known. Data on the standard samples
and the peak areas are shown in Table 1 and the standard calibration curve is shown in
Figure 2. The calibration jobs were done three times to check the validity and the
reproducibility of the chromatographic system.

Results

The initial saturaticn of all the fluids in the core; water, n-octane and n-decane were
known. By knowing the core pore volume, the volume of each fluid in the core before
the miscible displacement can be calculated,

where;
Fluid volume, ml = fluid saturation x pore volume

The chromatograms give the retention times and the peak areas of each hydrocarbon in
the injected sample. The volumetric fraction of hydrocabons can be read from the
calibration curve. The volume of water produced can be obtained directly from the
graduated collecting bottles.

Samples of the experimental data collected from the displacement experiments are
shown in Table 2 and Table 3. The volume of each fluid produced at a particuiar
injection interval was obtained. From there the recovery efficiency of the displacement
can be calculated. Result shown in Table 2 and Table 3 were plotied in term of
fractions of produced fluids versus pore volumes solvent injected. These plots are
shown in Figure 3 and Figure 4.

The curves in Figure 3 and Figure 4 show the fraction of each fluid in the core effluent
at a given produced pore volume of the total fluid. The area preceding the curve of the
fraction of residual hydrocarbons in the effluent represents the volume of water
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Table 1 - Gas Chromatograph Calibration Data

Sample Vol.,ml n-hexane n-octane Dlecane
Vol. in sample, ml
Vol. fraction
peak area
7.50 2.50 1.00
11.0 0.68 0.23 0.09
' 16.20 25.90 13.00
2.50 7.50 2.50
12.50 0.20 0.60 0.20
5.30 46.00 26.50
1.00 1.00 7.50
9.50 0.11 0.11 0.79
2.80 15.60 62.20
2.50 2.50 2.50
7.50 0.33 0.33 .33
8.80 33.00 37.30
1.50 2.25 2.50
6.25 0.24 0.36 0.40
6.60 34.80 42.20
1.50 7.50 1.00
10.00 0.15 0.75 0.10
41.00 52.00 14.30
7.50 i.10 1.50
10.10 0.74 0.11 0.15
15.60 15.20 21.30
0.50 1.90 6.00
8.40 0.16 0.20 0.64
3.90 24.90 55.20
13.00 1.00 2.00
16.00 0.81 0.06 0.13
17.90 091 16.70

194



STAUND NOITIVHEITY)  KdVHOOIVWOYHI SV¥O-Z 9ld

NOTLOYYS  JIHL3WNI0A
; v

8 15 g g , !
o T T T T T _..__ ~_ T oo
\\ 40l
v
.\ 02
lﬁw
. £
)
02 <07
3
b &0&0 =0c
o
=09

195



TABLE 2 - Miscible Displacement Of residual N-octane And N- Decane -

Run MD §.

Pore Volume, mli = 112.0 Flowrate, ml/hr = 3.0

Wettability = water-wet Configuration =  horizontal
No. Vhi CVi Cvi Vwp CVwp Vhep

ml ml PV ml ml ml
1 12 .12 N b 12 12 0
2 13.5 . 25.5 .23 13.5 25.5 0
3 22.5 48 43 4 29.5 18.5
4 5 53 A7 0 29.5 5
5 7 60 54 0 29.5 7
6 6 66 .59 0 29.5 6
7 6 72 64 0 29.5 6
8 13 85 76 0 29.5 13
9 6 91 81 0 29.5 6
10 30 121 1.08 0 29.5 30
11 3 124 1.11 0 29.5 3
12 11 135 1.21 0 29.5 11
n-octane n-decane
peak area V.n V(8 peak area Y.fn vVC19

1
2
3 28.7 .28 5.18 38.6 .37 6.85
4 20.6 A5 75 15.1 2 60
5 12.1 .08 56 7.4 05 35
6 5.2 .04 24 3.6 02 A2
7 2.5 02 A2 2.1 02 REY
8 1.1 01 A3 1.4 01 A3
9. i 01 06 i.l 0 06
10 .5 traces 1.0 traces
Il - 0 ~ 0

n-octane recovery = 7.04 ml n-decanerec. = 8.20ml

n-octane rec. eff, = 60% n-decane rec. eff. = 73%
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Table 3 - Miscible Displacement Of Residual N-Octane

And N-Decane - Run MD 6.
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Pore Volume = 114.0ml Flowrate = 240 ml/hr
Wettability = water-wet Configuration =  horizontal
No. Vhi CVvi Cvi Vwp CVwp Vhep
ml ml PV ml ml ml
1 12 12 11 12 12 0
2 12 24 21 12 24 0
3 12 36 32 12 36 0
4 12 48 42 8 44 4
5 12 60 .53 1 45 I
6 12 72 .63 1 46 11
7 12 84 74 0 46 12
8 14 98 .86 0 46 14
9 12 110 96 0 46 12
10- 12 122 1.07 0 46 12
11 18 140 1.23 0 46 18
n-octane n-decane
peak arca V.fu V(8 peak area V.fn vC10
1
2
3
4 254 24 .96 64.5 .67 2.68
5 38.0 28 3.08 41.7 26 2.86
6 28.3 10 1.1 22.1 06 .66
7 12.7 .09 1.08 8.2 05 .60
8 3.8 03 35 4.9 .04 A9
9 21 02 18 3.6 02 24
10 1.6 0| 12 2.7 02 18
- 11 1.3 01 14 2.1 01 8
TOTAL RECOVERY, m! : 7.01 7.89
- RECOVERY EFF,, 2 77% 66%



FRACTION IN PRODUCED FLUIDS
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Fig. 3 - N-Hexane Displacing Residual N-Octane and

N-Decane in Tandem Packs Experiment - Run MD 5

198



FLUIDS

FRACTION IN PRODUCED

10

WATER INJECTED
& N-HEXANE i
HORIZONTAT,
WATER-WET
= Sor =18 1
RATE=8.0 FT/D
REC. =72%
1 t ] | L i
0 2 A B 8 10 1.2 1.4
PORE VOLUMES INJECTED
Pig. 4 - N-Hexane Displacing Residual N-Octane and

N-Decane in Tandem Packs Experiment - Run MD 6.
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produced. The area following the curve of the fraction of injected oil in the effluent
represents the volume of injected oil produced. The marked area represents the volume
residual oil recovere from the core. Figure 3 and Figure 4 are from two runs having the
same variable parameters except the injection rates (1 ft/day and 8 ft/day).

Three chrdmatogram samples are shown in Figure 5, Figure 6 and Figure 7. These
chromatograms were produced by the produced fluid samples taken from different
injection periods. The transient time for n-hexane was 4.4 minutes, for n-octane was
11.5 minutes and for n-decane was 20.3 minutes. Figure 5 shows the solvent
(n-hexane) first breakthrough. Figure 6 shows the simultaneous producton of the
residual oil (n-octane and n-decane) and the injected n-hexane. Figure 6 shows the end
of injection period where only traces of residual oils were produced.

Recovery efficiency was calculated for all the miscible displacement tests. Recovery
efficiency obtained range from 67% to 99%. These results show that the displacement
efficiency is very much influenced by parameters like porous media wettability,
injection rates, flow configuration and types of fluid used. From these results as well
as from the shapes of the recovery curves shown for example in Figure 3 and Figure 4,
one can infer many things concerning relationship between displacement efficiency and
reservoir parameters. This will not be discussed here as it is beyond the scope of the

paper.

Discussion

Standard calibration curve was repeated three times and the curves were similar in all of
them. This shows that the analytical technique used can be adopted. Volumetric
balance between the volume of injected fluid and the volume of produced fluids was
done. There was very little difference (of less than 5%) in the volumes of injected and
produced fluids. This shows that no significant fluid loss had occurred. Any
discrepancy between injected volume and produced volume could be attributed to the
injection pump accuracy and the error on the chromatograms analysis.

More than 150 produced fiuid samples were analysed. The septum was changed after
every ten injections. No technical problem was encountered.

Once the best operating conditions for the gas chromatograph was determined and the
injection technique was mastered, the work become easy.

Conclusion

Gas chromatograph HP 5890A was succesfully employed to do quantitative analysis of
samples containing n-hexane, n-octane and n-decane.
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Nomenclature

eff = efficiency
FI/D = feet per day
GC = gas chromatography
HP = Hewlett Packard
= millilitre per hour
PV = pore volume, cm
Rec = recovery
Sor = residual oil saturation

Vhi = volume of n-hexane injected, ml

CVhi = cumulative volume of n-hexane injected, ml

Vwp = volume of water produced, ml

CVwp = cumulative volume or water produced, ml

Vhep = volume of residual hydrocarbons produced, ml

V. fn = volumetric fraction

v(C8 = Volume of residual n-octane produced, mi

vC10 = Volumn of residual n-decane produced, ml
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