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ABSTRACT

Procurement, construction, and installation of uncon-
solidated sand packs and all periphera]'équipment.required
for conducting displacement studieﬁ at preséﬁfes Qp to SOOO
psi is complete and the equipment is in_boutine use. One
of the most significant accomp?ishments.fo date hés been the
design, construction and testing of sampling equipment which
permits samples to be taken at pressures-up.ﬁd 3000 psi
during dfsp]acements and phase behavior studies. This equip-
ment was developed through cooperation with Precision Sam-
pling Corp., Baton Rouge, Louisiana. o |

A total of 21 displacements have been made using syn-
thetic crudes, one of which was formu1afed £o serve as an
analog of a typical West Texas crude.: fhe daﬁa:obtained to
date suggest that miscibility can be.géhéfétéd_bétweén puke
carbon dioxide and this o0il at a pressure of 1100 psig. - At
a displacement temperature of 109°F,'mis¢ibiiity-is generated
through multiple contacts and the prepbnderance of data |
suggest, but do not yet prove, that the:generation mechanism
is one of condensation rather than vaporiiation. In dis-
placements in which the injection gas was a mixture of car-
bon dioxide and methane, the minimum miscibility pressure
appears to increase approximately linearly with increasing
methane content. |

Increased methane concentrations over those origina]ly
present were observed in all displacements where the pressure

was less than that required for first contact miscibility.




Thus it was tentatively conc1uded that'the presence of a

methane bank is not in 1tse1f an 1nd1cat1dn'that mlsc1b111ty-f,  L.

was not attained, but only an 1nd1cat10n that the mechan1sm L

was one of generation of m1sc1b111ty th'ough'mdss?transfer ;5' '

(multiple contacts).
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i. INTRODUCTION

Research at Louisiana State University on the use of
CO2 as an enhanced recovery process 1s keyed to the devel-
opment of a basic understanding of the mechan1sm(s) by which
miscibility is generated between the injected fluid and a
reservoir 0il. Various mechanisms hare_been proposed by
earlier investigators which involved (1)-the vaporizatipn of
intermediate molecular weight hydrocarbons into the CO2 by
a multiple contact mechanism and {2) the vaporization of
higher molecular weight hydrocarbons_(up to perhaps 020).
These mass transfer mechanisms are. adgmehted and perhaps
even supplanted under certain cond1t1ons by the str1k1ng1y
high solubility of CO2 in oil.: It appears 11ke1y that the
dominance of a particular mechanwsm may be d1ctated by a'
number of variables such as temperature, pressure, 1n3ected
gas composition, 0il compos1t1on, and the presence and dis-
tribution of an aqueous phase. - '___ _ _

The manner in which m1sc1b111ty 1s deve]oped by mass
transfer cannot be readily discerned w1thout some means for
determining the in-situ compositiona1.ﬁistory whicp takes
place during and after the development of miscibility during

an actual displacement of 0il by CO2 : The only poss1ble

mears for obtaining such data would appear to be the devel- T

opment of high pressure samp}1ng techn1ques wh1ch could re-
move insignificant quantities (m1crol1ter size samples) from

the flowing stream during consolidated core




and siim tube {sand pack) displacements. Such samples would

be amenable to analysis through modifications of standard
gas chromatoqgraphy procedures. The development of such
equipment and procedures has been‘a_paramount concern of
this research effort since its.inéeption.

Laboratory displacements have traditionally focused on
the recovery efficiency assoéiated with that portion of a
porous medium actually swept by a displacing fluid. For op-
erational reasons this has usua}ly dictated the use of
either unconsolidated sand packs'(élim tgbes) or outirop
sandstone cores. It is the Qpinidn of the principa1 inves-
tigators on this project that'éucﬁ_reédvéry effic{ency data
is of little utility alone and muét'be supplemented by
visual observations of the f1ow1ng (or produced) stream,
compositional data, and se1ected support1ve PVT exper1ments.
The project aim is to obtain such data:over a wide variety
of conditions. REERRE R o B

Dispiacements in sand packs can be used as a rapid

means c¢f studying such things as how f1u1d compos1t1ons and

temperature affect minimum m1sc1b111ty pressures and how
these same variables influence mass transfer between phases
under flowing conditions. Sand packs aré also useful as
screening devices because they a11ow rapid turnaroﬁnd time
between displacements. A disadvantage is that fhé effe§ts-
of variations in water saturation cannot be readi1y studied.
The use of consolidated cores'wi11 permit,the_s£udy of

the effects of water saturation on 602 flooding hnd allows




the study of the nrocess as a tertiary recovery tool. The

rresence of high water saturations may influence the time to
reach mass transfer equilibrium. A]so,.because of the pore
size distribution, capillary forces much like those encoun-
tered in reservoir rocks will be attainéd in the consoli-
dated cores. This may emphasize recovery differences be-
tween miscible and near miscible displacement conditions.
The orimary disadvantage in using consolfdated cores is the
Tong period of time required for a disp]acement since small
pressure gradients must be. maintained. Furthermore, the
turnaround time for a displacement is.very long, with the
net result being that the time-frame for a single displace-
ment will be in the order of weeks instead of hours or days.
When a primary objective of a sﬁgdy is to de]ineate
mechanisms, there are distinct advantages;tb_be realized
from the use of synthetic or simuTated.crudeldi1§ since they
can be well characterized. In many {nétances an 0il can be
formulated which will show striking simi]akities_to certain
types of naturally occuring crudes. "Thus, prbper1y_chosen
and formulated synthetic crudes can act as time saving
screening devices for developing and testing concepts. which
can later be validated in systems utilizing the prototype
crude. Such an approach is being used in this project with
one of the synthetic crudes emp1oyed'being similar in many
respects to certain West Texas crudes. Since reservoir_ _
conditicens in the Gulf Coast and the midcontfnent.éreas aré

frequently quite different from those encountered in West



Texas, particularly in respect to temperature, it is anti-
cipated that all work on o0ils of this type will be done on
an actual crude. One such oil, from the Brookhaven Field in
Mississippi, will be ysed to represent such reservoirs.

Usually, CO2 flooding implies the use of relatively
pure 602 as an injection fluid. 1t may not be necessary or
even desirable to use pure COZ since the presence of certain
other compunents might not be detrimental and in some cases
could even prove to be beneficial. This could be of major
importance since many sources of CO2 contain impurities.
Furthermore, field application of the 602 process would in
many cases result in the early breakthrough of C02 with the
attendant necessity for recycling, In this'case the pro-
duced'coz Will contain substantial quantities of hydrocarbon
components from the oil. It may be both technically and
economically advantageous to reinject the produced gas with-
out surface treatment other than normal oil-gas separation.
The effects of the presence of certain components that could
be contained in the CO2 injection fluid are a major concern
in the present research program,

The primary task associated with this project has been
to design, procure and construct the experimental facilities
necessary to support a continuing effort in the area of
enhanced o0il recovery with immediate application to the CO2
process. This work has progressed nicely in view of sub-
stantial delays associated with a move to new physical fa-

cilities and with procurement pfob]ems. The most formidable




problem, that of taking and analyzing small samples under

displacement conditions, is believed to be essentially
solved thus making the remaining tasks experimentally pos-

sible.




I1. EXPERIMENTAL EQUIPMENT AND PROCEDURES

Displacement Equipment and Procedures

A11 displacements discussed in this report were made
in unconsolidated sand packs using synthetic crudes. The
sand packs were constructed using 1" 0D by 5/8" ID stainless
steel tubing approximately twenty feet in length. Ferrule
type fittings containing 350 mesh stainless steel screens
were attached to the ends and adapted to receive 1/8" Ruska
high pressure fittings. The assemb1y_was,bressure tested
to 8000 psi prior to pack1ng The.fwenty¥foot sections were
suspended vert1ca]1y in a forty foot shaft adjacent to the
laboratory. A vertical arrangement was used to maximize
gravity segregation between the 1n3ect1on fluid and the
reservoir 011 during d1sp1acement., The tubes were packed
dry with a 70 mesh and finer Ottawa sand A complete sieve

analysis of the sand is shown in Tab]e A 1 of Append1x A.

Dense packing was achieved by v1brat1ng the tubes dur1ng
placement of the sand. The poros1ty was measured on each
pack by evacuating the pack and. then saturat1ng it with Sol-
trol 170. The sand packs had an aQerage porosity of 25.7%
and an average permeability of 11.6 darcies. Hhen a forty-
foot flow path was desired two twenty-foot 1engths were
connected in series using 1/8" 0D stain]ess steel tubing and

Ruska fittings.

The sand packs were heated by ¢ir;u]ating a mixture of
ethylene glycol and water throughi]]4*-00 éopper tubfng that
was tightly wound around the entire length of the 1" 0D




stainless steel tubing. Heat loss was minimized by thor-

oughly insulating the sand pack assembly and all connecting
tubing. A schematic of the temperature contro] equipment
is shown in Figure 2,1

A1l displacements were conducted wh1]e ma1nta1n1ng a
constant pressure drop across the sand packs. Th1s was
accomplished by means of 6000 psi Tescom back pressure regu-
Tators. |

The eff]uent from the packs was visually observed by
means of a high pressuyre capillary visual cell located im-
mediately upstream from a sampling point. An LED-Photo-
transistor sensor was built into the viédal cell body to
electronically detect phase charges and/or changes in 11ght
transmission which might result from ma;or compos1t1ona]
changes. Qutput from the sensor was recorded on.a strip
chart recorder. Location of the samp11ng p01nt 1mmed1ate]y
downstream of the visual cell permitted the sampling of
equilibrium phases during an immiscib]e disp]atement and sé-
quential sampling through the transition zone during a mis-
cible displacement. Details of the sampling point and sam-
pling technique are discussed in a later section; - The
effluent was flashed to atmospherig pressure in a glass
separatory funnel from which 0i1 was withdrawn into éradu-
ated cylinders. The gas production was measured by means of
a wet test meter which was vented into an exhaust a1r duct
A1l displacements were terminated at a produc1ng GOR of

30,000 SCF/STB
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Différent equipment arrangements upstream of the sand
pack were necessary for charging the pack with live oil and
for displacement by CO2 and C02-methane mixtures. The ar-
rangement used for saturation is shown in Figure 2.2. The
0il phase was charged to the packs from the 37,000 cc,

3000 psi titanium sphere in which it was mixed. The mixing
procedure is described elsewhere. The live 0il, above its
saturation pressure was injected into the.501tro}-saturated
pack by means of a Whitey diaphragm-type laboratory feed
pump which pumped methane saturated water into the bottom of
the titanium vessel. Saturation was considered complete
when both the effluent gas-0il ratio and the effluent com-
position matched those of the injected oil.

Figuré 2.3 shews the arrangement used during displace-
ments. The injection fluid was delivered to:the pack from
a 316 stainless steel transfer vesse) fitted with a fToating
piston. The fluid was preheated in a controlled temperature
water both prior to injection into the sand pack. Water
was used to drive the floating piston.

Although not shown in ihe schematic drawings, auxilliary
safety équipment is an integral part of the displacement
set-up. Valves are located at all pointé necessary to iso-
late any portion of the equipment which might develop leaks.
Sensors set to monitor flammability limits are strategically
placed to detect even minor leaks and facilities are avail-
able for rapidly fTboding exhaust venfs with ;02 if_f]am~_'

mable limits should be approached.
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Fluid Mixing Facilities and Procedures

The facility for mixing synthetic crudes and for re-
constituting crude oils is shown in Figure 2.4. [In either
case those constituents which dre Tiquid at room temperature
and atmospheric pressure are first charged into the sphere.
Water is pumped into the bottom 0of the vessel until it is
completely liquid filled. Ethane and heavier components are
tnen metered in the liquid phase into the vessel by means
of a Ruska Mercury pump. A 6000 psi back pressure reguiator
in parallel with a Whitey feed pump maintains the desired
pressure level in the vessel as these components are added.
Methane is charged to the vessel in the vapor phase. 7he
purity of all components used is given in Table A.2 of Ap-
pendix A. After addition of all components, the contents
are Lhoroughly mixed by rocking the vessel on its support.

A sample of the mix is taken for chromatographic analysis
and for the determination of bubble point pressure, gas-oil
ratio, formation volume factor, and molecular weight of the
C7 plus fraction. If adjustments in composition are required
they are made at this time. Tthe facility permits sufficient
quantities of oil to be mixed at one time to supply the re-
quirements for all PVT and displacement studies contem-
plated for that oil. This consistency in 0il1 properties
from one experiment to another is considered to be of major
importance since the effect on miscibility pressure of minor
changes in oil composition has not yet been established.

The facility for mixing injection fluid is shown in

TR



L
+ g yin,

10 HI0AY3S3Y HOd ALITIOVd ONIXIW __ v e mm:w_m

[8SS9A - o dund BH

o 7 1sd 008! o ed
S 22 000l B wmmm
1sd 000G ioloinbay o
92 00P2 eanssald - . |
v 3048 MN Mw Mw
HO 1sd 0009 og
O°H _
ddgd
ol lel 2] |19 |2
TR SllE| 1=F] |F] | u
@ dung paad qo7 138S9IA
1sd 000G 1sd 00Q¢ _ i * _ :
22 000LE | i 1 y _
Mw “ M “ " “ ebnog asieH
_ ! ! ! i 1sd 000'01 - O
| i I { i
/
[9SS8A
tsd 000G

‘93 000!




Figure 2.5. It 1is identical to that described above except
that a stainless steel transfer vessel is substituted for

the titanium sphere.

PVT Equipment

| Figure 2.6 1is a schematic of the PVT equipment used in
this study. The arrangement consists of a 10,000 psi Ruska
windowed condensate cell, two blind cells, and two Ruska
mercury pumps. The cells are enclosed in an air bath for
temperature control. The condensate cell has been modified
to allow the installation of high pressure sampling facili-
ties which are discussed later. ~This modification also al-
lows sampling of any phase that appears during the PVT
studies. The afr bath has a window through which the cell
contents can be viewed via a mirror inside the bath. A
Gaertner cathetometer (Model No. M-912) is used to measure
phase volumes. As a safety precaution the air bath is heated
by forcing air over a finned-tube heat exchanger through
which a heated mixture of ethelyehe glycol and water is cir-
culated. Air from the box is continually exhausted through
a ventilation duct that contains a flammability Timit de-

tector.

* Sampling and Analysis

Central to this project is the requirément that high
pressure samples of any phase be obtainable during displace-
ments and PVT studies. This is accomplished by means of

custom designed, high pressure,.mi;roliter_syringes and

o
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sampling yokes developed in cooperation with Precision Sam-
piing Corp., Baton Rouge, Louisiana.

In essence the sampling yoke is a stainless steel block
designed to mount permanently in a flow line. The flowing
stream is conducted through a 1/16" diameter hole drilled
longitudinally through the block. A slide valve operating
perpendicularly to the hole permits a sampling needle to be
inserted directly into the flowing stream. The slids s
sealed with preloaded teflon seals and locks into the closed
position és a precaution against accidental opening. No
purging is required since no dead space is introduced during
the sampling operation.

A special high-pressure 15 microliter sampling syringe
attaches to the sampling_neéd]e. fhe syringe contains in-
ternal valving which allows a sample to be withdrawn without
the introduction of dead space. The only dead space which
exists within the system is a minute annular volume which
exists between the inside diameter of the needle and a stylet
which occupies most of the internal volume of the needle.

The reﬁulting 0.0b] inch annular width has a volume which is
insignificant in comparison to the samp1é volume {5 ul) nor-
mally taken. The trapﬁed sample can be either injected im-
mediately into a gas chromatogréph or held under pressure
for several hours. Since each analysis requires ah appreci-
able period of time, it is not uncommon during a'disp1ace-
ment to have several samples awaiting analysis. The sampling
system has been used routine]y at pressures up to 2500 psi

, _

__jlz_f lf 



and on occasion up to 3000 psi. It appears likely that
presently contemplated improvements will raise the working
pressure even higher. At the present time the sampling sys-
tem is considered experimental and is not offered commér-
cially by Precision Sampling. It is believed, however,

that it may be made available after all modifications have
been thoroughly tested.

Analyses of samples were made using a Hewlett-Packard

Model 5840 gas chromatograph coupled to a Hewlett-Packard
Model §9825C post-run calculator. Numerous column types and
valving arrangements were tested in an attempt to obtain the
best possible analysis. The most successful arrangement for
analyzing samples taken during displacements of synthetic
crudes proved to be an 8-foot long, 1/8 in. diameter,
Chromosorb 102 column with a back-flush valve. All analyses
were made using a thermal conductivity detector. The chro-
matograph was calibrated using the NGPA Natural Gas Reference
Standard and a custom blend of C; through C]O and Soltrol 170.
At the start of each analysis the oven temperature was set

at 50°C, the injection port temperature at 290°C, the de-
tector temperature at 200°L, the back-flush valve temperature
at 300°C, and the carrier gas (helium) flow rate at 30 ml/

min. After injection of the sample the oven temperature re-

mained at 50°C for two minutes, after which the temperature
was increased at 30°C per minute until a maximum temperature
of 240°C was reached. A1l components through C]O had been

eluted from the column at the end of 20 minutes. The back-

18 .




flush valve then automatically reversed the flow of the
carrier gas through the column and the base line was auto-
matically rezeroed. The CT] plus fraction was thus back-
flushed out of the column and through the thermal conduc-
tivity detector for analysis. The chromatograph was pre-
programed to take the area counts obtained from the analysis
and the response factors determined from the calibration
runs. and cempﬁte and print out a compiete analysis of each

sample.




111. EXPERIMENTAL RESULTS

As mentioned previously, all displacements have been
conducted using well characterized synthetic crudes. The
bulk of the work has been accomplished using an oil designed
to have a comhosition and PVT properties which would be
typical of many West Texas crude oils, A paper by Rathme]]
et al.* (1971) reports a study of three oils having appreci-
ably different characteristics. The oil design*ted by
Rathmell as Crude A was chosen as the prototype upon which
the composition of this synthetic oil was based. A com-
parison of Rathmell's Crude A and this synthetic crude is
shown in Table 3.1. Compositions of both synthetic crudes
and all injection fluids used in this study are shown in

Table 3.2.

Displacement Data

A total of twenty-one displacements were conducted in
the unconsolidated sand packs. A1l displacements were made
at a temperature of 109°F which corresponds to the reservoir
temperature of Crude A reported by Rathmell. Table 3.3
lists pertinent data concerning each rﬁn. Run 1 was the only
displacement in which'synthetic Crude 8 was used. The com-
position of this crude, differed from reservoir fluid A
only in that it contained naphtha and did not contain heptane

and octane. This o0il was abandoned after the first run

“*Rathmell, J.d., F.1. Stalkup, and R.C. Hassinger, "A Lab-
_oratory Investigation of Miscible Displacement by Carbon
Dioxide", SPE Preprint No. 3483, October 1971. '
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Table 3.1

Camparison of Rathmell's Crude A

And Synthetic Crude Used In This Study

Rathmell's ‘f- Reservoir
Crude A -~ = _Fluid A

17.07 - 17.24
6.41. . 6.52
7.82 00 76,83
6,72 . 6.37
2.69 2,70
519 . 5.13
54,10 .. 55,21

OcOOonN0On0n
O Ut 0 Lo R

6+ P
C,, Density, gn/cc 7 0.8780 . 0.753

C + Molecular Weight | 2221:,:; .  .: 161

Bubble Point Pressure 845 psig "~ 705 psig

Reservoir Temperature | 10993_fﬂf t} _ 109

~ solution GOR, SCF/hbl 37 . 450




Table 3,2

Composition of Reservoir 01l and Displacing Fluid

Expressed in Mole Percent

' :Injec£ed'-_

Reservoir Reservoir Injected Injected
Component Fluid A Fluid B " Gas A Gas B Gas C

0, 100.0 87.49 75.19
c, 17.24 12,55 | S 12,81 24.81
C, 6.52 5,55 o

cs 6.83 4.97

c; 6,37 10.19

cg 2,70 2,79

cz 5.13 5,49
C 6.25 7.43

c 5,78 4,51

sé7trol 28.50 31.45

Naphtha 15.11

alecular weight
Cot : 161.1 R R IO : :
den51ty gm/ce 0.656 S o.e0sx 0.306*
~ ‘viscosity, cp. 0.340 S 0.048% - 0,0293* . 0.0265°
. Bubble Point 705 psig 740 psig
By 1.238 bb1/STB 1.267 bbl/STB
| @ 109°F

@ 108°F

-, '#estimated at displacement pressure
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because the resulting chromatogram did not have as many
clearly defined discrete peaks as feservoir fluid A. Runs
one through five were conducted in a 20 foot pack while the
remainder of the runs were conducted in a forty-foot system.
Two immiscible disp]acements;.(Runs'Z and 6}, using
Soltrol as a reservoir fluid and nitrogen as an_injection
fluid, were conducted to determine the minimum fecbvery to
be expected during an immiscible f1ood-in which very little
swelling was taking place in the réservoir_f]uid. One dis-
placement was in a twenty-foot pack and the other in a

forty-foot pack. The runs showed good agreement in both

~breakthrough and ultimate recovery.

Runs seven through twenty-one were conducted in the
forty-foot system using reservoir f]uid A.. 1n runs seven
through ten pure carbon dioxide was Q§ed as.the injection
fiuid. A mixture of 12.5 mole percént_methanéﬁand 87.5 mole

percent carbon dioxide was used as the injectﬁon fluid

"~ during runs eleven through fifteen.';The concentration of

methane in the injection fluid was increésed'fo.ZS mole per-
cent in runs sixteen through nineteen. The last two dis-
placements were conducted using pure methané as the dis-
placing fluid. Since the displacement pressures in these
tast two exceeded the maximum. working pressure of the sam-
pling syringe, no samples were taken. '

A total of ninety samples taken during fifteen dis-

,_f:p]acements were analyzed. The resﬂ]ts-of these analyses

~-are given in Table B.1 of Appendix B. Also presented in the
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table is the recovery up to the tihe eaeh sample was taken
and the phase state of each sample. Table B.z (Appendix B)
presents modified analyses of the.eame eamp1es obtained by
subtracting from the observed values those quantities of the
components associated with the injection fluid. The data
shown in Tables 3.4, 3.5, and 3.6 were derived from the
modified analyses shown in Table B.2. ~The mole fraction of
each component listed was divided by the mole fraction of
that component originally present in the_}eservoir 0il. Thus,
values greater than one indicate an iherease_in eoncentration
of a component or group of components;_whereas a value less
~than one indicates a decrease. e ._:

Breakthrough (appearance of 602 in the eff?uent) and
ultimate recovery data from those d1sp}acements:whjch used
'_carbon dioxide as the i{njection f1aidﬁakeepioated;in Figure
3.1. The volume of 0il produced up tq the time of interest
is multiplied by the formation value factorﬁahd'then de-
creased by the volume of dead space aseeciafee wjfh the con-
necting tubing and control panel. 'Théiquantity thas obtained
is divided by the total pore vo1ume.of the sand pack to yield
the fractional recovery up to that time. A plot of recovery
b as a function of pressure is a very important tool in deter-
mining the minimum miscibility pressure. -

- Both breakthrough and ultimate recover1es 1ncrease as

':7: the d1sp?acement pressure approaches the m1n1mum m1sc1b1]1ty

°"pressure. Once this pressure has been exceeded there are no

. appreciable increases in recovery. Th1s trend was observed

[




Table 3.4

MNormalized Concentrations of Components in the Transition Zone
of the 40 Foot Displacements Using 602 as a Displacement Fluid

C2- C4

Soltrol

Percent
Recovery

Run Pressure

83

C OO
8-
[oRaRe
RER
QOO

QRS

Co0o

. 8 8 0.79
. 6 n.32
1.91 1,65 1,39  2.13

1.37
3.49
2.52

8
45

91.9
93.7
.9

1200
1200
1200

~N o

T W W W@

1.0
.06
.09
.12
.20

0.96
91
90
95
91

1.02
9
9
9

0.93
0.87

0.83 .
0.97

1000 -
1000
1300
1300

8888

L B B B

0.95
0.98
0.99

1.05 1.07

-
-
.
-

03

co

o
1.10

03

99 8)

98 9
1.14  1.04

4]
9
1.07

1300
1300

10
10
10
ic




C2— C4

Soltrol

€10

Table 3.5

Normmalized Concentrations of Comporents in the Transition Zone of
the 40 Foot Displacements Using 12.5% C.}LH4 - B87.5%% 002 as a Displacement Fluid

Recovery

Percent

Rurn  Pressure

2
0.8%
0.99

Le

01
1.16

76
41
.83
1.19

. .87 8
- 09 .06 1
. ] .96 9 0.91 0.93
.98 0.83 0.73 o0.81 0.81 0.8 0.92

1.20

7
0
1.32

wun 79
ST ®

« o s =
— g -0

W oo
. & s @

1500
1500
1500
1500

12
12
12
12

 0.99
0.95

0.1%
1.06
0.956
1.02

0.12
1,07
0.97

1.04

"0.16
1.07
0.97

0.97. 0.97 0.97

0.97

. 0,97

1.03 0.98

1.1t

86.0

1400
1400
1400
1400
950
950
950
950
1600
1600
1600
1600
1600

13
13
13
13
14
14
14
14
15
15
15
-15
15




Table 3.6

Transition Zone of

Norralized Concentrations of Corporents in the
the 40 Foot Displacements Using 25% C\H, - 5% Co, as a Displacenmx

nt Fluid

Soltrol C2- C4

€0

Percent
Recovery

Run Pressure

.0
.9
.9
7
O

0.98 0.99
1.0 1.02
0.85 87
"0.0 .07

8 0.85

0.99
1.01

1
5
o
£

0.99

88({)(‘1 ;

ﬁ ﬁ D O —

86’0&88

- O 013'*

0
G"CDN

- O O(D

1.06

D~
O o)m)m

H(D O C

1.04

et ]
oM [ta]
T e .

o
0o CO

1.05

O g OlC
-0~

g83g

i e (1)

1.08

1.14

91.3

16
16
16
16
16

RRE88
836360,

83928

00oA0

gR8a8

co o o0

oD et
gt\sambc

O C)C)O C)l

SO g D
&D{F'?"" [}

00G386

1700
1700
-1700

- 1700
..1700
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17
17
17
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o m
Lo~
'O C>C>C)D O

1800
-1800

l“-mg
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NN D
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00O H=O
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foooooo
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oooooo”
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in.the recovery plots made for.a11 the displacements and was
used in conjunction with phase observations in the visual
cell and chromatographic ana1yses in Hetermining the minimum
miscibility pressure for each injection fluid.

Figure 2.2 shows the recerrieé obtéined when. using a
mixture of 12.5% methane and 87.5% carbon dioxidé as an in-
jection fluid. Recovery plots using 25% methane and 75%
carbon dioxide are shown in Figure 3.3. Oﬁly carbon dioxide
breakthroughs are shown in the;figures, even though in some
runs this was preceded by a.methdﬁg breakthrough.

Methane banks were noted 1n.at least one displacement

for each compostion of injected gas. These banks appeared

efither as a two phase flow regﬁon:where the vapor phase was
primarily methane and the 11quid:§hase was a saturated 0il,
or as a single phase 0il Qitﬁ an {néreased methane concen-
tration. The methane banks’asé@ciated with two phase flow
occurred at lower pressures_fhan did single phase methane
banks. In general, the 1ower,tﬁé_displacement pressure the
larger the methane bank. Figufes 3.4 through 3.6 are plots
of the methane concentrations in the liquid phase plotted as
a function of recovery. Data for these plots were obtained
from Table B.2 {Appendix B). A discussion of the methane
bank and its relationship to miscibility determination ap-
pears in the next chapter.
Compositional changes in the effluent during twelve dis-
placements are represented on-péeudo-ternary.diagrams using

carbon dioxide and methane as one pseudocomponent, the

00
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i

intermediates, CZ'CG’ as another and C7+ as the third.

These diagrams are shown as Figures 3.7 through 3.18. Pseudo-
ternary diagrams are simplified representations of complex
systems and are not quantitatively definitive, but do serve

as illustrative tools. A11 single points on the plots rep-
resent a single phase sample and ai] two phase samples are

shown by two points connected by a tie line.

Phase Behavior Data

The phase behavior experiments were conducted to support
the displacement studies. Figure 3.19 is a pressure-volune
diagram of.the injection fluid which contains the highest
concentration of methane in a COZ-C1 mixture. It shows that
this fluid is a single phase at 109°F and all displacement
pressure'at which it was used. Clearly all mixtures con-
taining less €, would likewise be single phase under these
same conditions.

Pressure-volume data were obtained for varijous mixtures
of reservoir fluid and injection gases. These data, together
with the systems compositions are shown in Appendix C as
Tables C.1 through C.12 and Figures C.1 through c.12.
Swelling factors were determined at the bubble point pres-
sure for all mixtures. Figures 3.20 and 3.21 show the swel-
1ing factors associated with the reservoir fluid - €0, and
the reservoir fluid - injection fluid (87.13% C02, 12.87% 61)
systems respectively. A swelling factor in excess of three

was observed in the latler case at high concentrations of in-

_ jection fluid. These data'c1ear1y show why excellent
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FIGURE 3.20 SWELLING FACTORS FOR
MIXTURES OF CO, AND RESERVOIR FLUIDS
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SWELLING FACTOR

1.3 -

o 20 30 40 50 60 70 80 50

INJECTION FLUID COMPOSITION, mo__lé percent
" FIGURE 3.2 SWELLING FACTORS FOR MIXTURES

OF RESERVOIR FLUID AND INJECTION FLUIDS,
1276 % CH, — 87.24 % co,




recoveries are obtained in immiscible displacements only

slightly below the minimum miscibility pressure and why re-
covery data alone is a poor criterion for judging whether
or not a displacement is miscible.

Pressure-composition diagrams for reservoir fluid-
injection fluid systems are presented as Figures 3.22 and
3.23. Fiqure 3.23 is for an injection fluid composition of
87.13% €0, and 12.37% Cy.  These figures suggest that first
contact miscibility (displacement above the circondenbar)
would be expected at dispIacemeht préssures in excess of

1225 psig for pure CO, and 1725 psig for the C0p-C, mixture.
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1v. DISCUSSION OF RESULTS

Minimum Miscibility Pressure

The determination of the pressure at which carbon di-
oxide can miscibly displace reservair oil is difficuit to
determine 1n_that, the viscosity reduction and swelling
characteristics of carbon dioxide yie]d high recoveries even
during immiscibie floods. This 1is evﬁdencéd by ultimate re-
coveries of 80.6% during Run 9 and 71.1% during Run 14,
both of which were immiscible displacements. Although a
direct comparison with carbon dioxide would be invalid, ni-
trogen only, recovered an average of 55.4% of the Soltrol in
place during an immiscible displacement. fmmiscib1e break-
through recoveries ranges froma minimum of 67.8% with carbon
dioxide to 20.8% with nitrogen. | |

Miscibility pressures were determined using the plots
of recovery as @ function of displacement pressure Figures
3.1 through 3.3, supplemented by visual and analytical data.
Although the recoveries were high, they all exhibited the
same general trends; both breakthrough and ultimate recov-
eries gradually increased then leveied off yielding no ad-
ditional recovery with pressure increases.. The minimum
‘miscibility pressure was chosen as the pressure at the inter-
section of the extrapolation of the two trends.. Visual ob-
servations of the phases present in the effluent at break-
through were very yseful in determining miscibility pressure.
Two-phase flow at the C02 breakthrough was noted in all

floods conducted below the MMP (minimum_miscibility pressure)
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and.sing1e phase flow was observed throughout the flood in
most of the displacements conducted above the MMP. [Inter-
estingly, those TUunRs conducted at pressures s1ightly higher
than the MMP exhibited single phase flow at bregkthrough and
throughout most of the transition zone, but changed to two
phase flow immediately prior to completion of the run.

Figure 4.1 is a plot of minimum miscibility pressure as
a function of methane concentration in the injected gas.
There is a large gap between 25% and 100% methane where no
data were obtained, but it can be seen that an increase in
the amount of methane in the injection f1uﬁd produced a sig-
nificant and approximately linear increase in the minimum
miscibility pressure. This linearity was somewhat sur-
prising in that it was thought as the coh;entration of meth-
ane in the jnjected gas increased, not oh]y_did_the two-
phase region as represented on a pseudo-f%%nary diagram
increase, but the slope of the tie 1inés shifted from a
cmaller angle to 2 larger angle with respect to the horizon-
tal axis. pAssuming this to be true, the curQe connecting
the data points in Figure 4.1 would have been concave up-
ward. This was definitely not the case.. Furthermore, 2S
can be seen in Figures 3.9 through 3.18, the slopes of the
tie 1ines.c0nnecting the vapor phases with 1iqﬁid_phases re-
tain the same slope regardless of the methane concentration
in the injected 9as. |

Increasing the amount of methane in the carbon dioxide

_a]so yie1ded Tower breakthrough and ultimate recoveries when
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ment fluid, Runs 8 and 10, conducted at 1500- and 1300 ps1

= respect1ve1y,were Judged to exhibit fsrst contact m1sc1b171ty

L s1nce these pressures exceeded.the. cr1condenbart, These

- . displacements showed no methane banks wh11e the rema1n1ng

_runs did. In those displacements usano the 12 54 methane

"and 87.5% carbon dioxide mixture as the 1nJected f1u1d 11-”;

~runs in which samples were ana]yzed were conducted at pres-

-sures below the cricondenbar and a]l runs had obv1ous meth-J=--5

“ane banks. It appears that a mefhane bank 1s on]y gener- o

5 wh1ch are e1ther 1mm1sc1b1e or

Th1s

frated in those displacement

'f1n which miscibility was atta1ned by mu1t1p1e contactsr

rind1cates that the presence of nethane banks shou?d not be’

"used as a criteria to determine m1sc1b111ty 1n a flood For.

'”fha given system Yength, 2s the dasp1acement pressure ap-'--"

nproaohes_the cricondenbar the s1ze of the methane bank d1m--'

'finishes.

‘f Th1s phenomenon can be exp1a1ned 1n that as m1sc1b1]1ty i

1sibe1ng generated, carbo

the;reservo1r 0il and subsequent1y 1ncreas1ng 1ts bubb]e

point pressure. When the bubble po1nt pressure of the new"”
“Wijxture exceeds the d1sp1acement pressure, methane w111 he

fdr1ven out of the oil. Since the meth

gthe 1n3ected carbon dioxide, it moves ahead to contact new

'11 1n wh1ch it dissolves. The. c]oser the displacement=_f~}-r

ressure to the saturation pressure of the orxg1na1 reser--ﬁf-

_ofrhoil, the less methane can be- absorbed by the 011 . Th1s-_i”

eeu1t§ in'higher_concentrat1on methane banks:at 1ower

n d1ox1de 35 go1ng 1nto so]ut1on_in'.l o

ane s more mob11e than'f_'




“displacement pressures and 1ower concentration banks at

higher pressures.

M1sc1b111ty Mechanism

it appears 1ikely that no s1ngle mechanasm is respon-
isible for the generation of m1SC1b1i1ty dur1ng coé d1sp1ace-
" ments. Previous jnvestigators have proposed both vaporwza-

tion and condensation as mechan1sms and 1t has been postu-

© lated that these may be related tc d1sp1acement conditions.

*_j@;been investagated to date, no generai1zat10n¢_r

”_Since on1y one 0il compos1t1on and a smng1e temperature have

oncern1ng

1fjmechan1sms can yet be drawvn. The preponderance of data_ob-

fﬂ;tained from analyses of sample'-taken during d1sp1acements

'H'-f:ce11 fail to support a vapor1zat1on mechanasm

a;as we11 as very limited mu1tap1e contact 5tud1es 1n the PVT

'ﬂfia?though small quantities of the heav1er components (Cy+)

i-r;ppear_jn the €0, rich phase the degree of extract1on of

g fftheseeﬁateria1s does not appear to be suff1c1ent to have an

”?effect upon the displacement mechan1sm Therefore, our ten-

*;Furthermore,L-L

' tat1ve conc1u51on is that in the present serwes of runs m1s~ma*

'Ttype mechan1sm

el

'Qic1b111ty has probably been generated through a condensatwon _; .



V. PROJECT STATUS

[xcellent progress has been made on many of the tasks
outlined in tne original proposal. Unforeseen delays in
equipment procurement, obtaining funds for the second year
of the project, moving to new facilities, and the develop-
ment of high-pressure sampiing and analysis techniques have
caused the project to be several months behind schedule.

A1l equipment for displacing and sampling synthetic crudes
in unconsolidated sand packs is operaticnal. Assembly of
equipment for conducting displacements in consolidated
systems is continuing.

A major obstacle that has been overcome is the devel-
opment and fabrication of the equipment which allows sampling
of reservoir fluid at dispiécement pressure and temperature.
The availability of this equipment shou?d expedite the re-
maining work on the project! Chromatographic techniques
for analyzing samples taken during displacement of synthetic
crudes have been perfecfed. Work is continuing on developing
satisfactory technigues for analyzing samples that will be
taken during displacements of actual crudes. A crude from
the Brookhaven, Mississippi Field has been obtained and is
being used in the development of the analysis technique.

This crude will also be used for displacement studies.
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Tahle A=2

Turity of Hydrozorbon Conponents

Mm:mnt Cpurity Mole Percent
Carbon Dioxide® 99.9
Methane® 95.9
Fihane* 95,9
Propane?® 385.9
n- Butanc® 99.5
n- Pentanc*” 85,9
n- Hexane** 95.9
n- Heptane** 99.8
n- Octane** 99.9
n- Nonane** 99,9
n- Decane** 99.9
Soltrol*** 89.9

*Obtained from Matheson Gas Products of Gonzales, Louisiana
#*0Obtained from Chemical Sample Company of Columbus, Ohio
sxxOhtained from Phillips Petroleum Company of Bartlesville,
Oklahoma
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Table B.1

Table of Fluid Compositions

{(Mole %)

Soltrel 002_

Cm

Phase

Recovery

Percent

OO eTS O NSNS

“Run  Pressure

APPENDIX B
COMPOSITIONAL DATA FOR HIGH-PRESSURE SAMPLES
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Composition

el v

APPERDIX.C

VOLUMETRIC DATA -

Table C.1

Corposition

Comparant

Mole

a,47
6,90
7.26
6.00°
5790
28,07

Volunetric Data .

Vo bures Sl 1y
il Fagtor.”

{BP)

144)
130
121.5

111.5
107 .5
102.5
101.5
100.5
99.5 ..
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PRESSURE, psig

COMPONENT MOLE PERCENT

700 -
COZ -
C 17.67
Cao 6,93
q o 7.46
I5C0 - Ca 6.80
Cx 2.65
Ce 4.47
c7 6.90
Cs 7.26
1300 L Cq 6.00
Cio 5.79
Soltro} 28.07
% P = 705 psig
100 - b
1000 ¢+
900
800 |-
OO
600 L
500
I 1 1 1 i ]
90 {ele] 1O 120 130 140
VOLUME, ml

FIGURE C.i PRESSURE -VOLUME BEHAVIOR
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Table T.2
Composition and Velumnetric Data for Reservoir 0il and 002

Compost Lion ;

Comprrint Mole Percent

=y
-
-
E
b2
i

62
.78
40 i

st
(Ve

—a

N eNoNe Ny
!

5

. 5.82 3
n, 5.30 £
nC,. 2.07 1
ney 3.96 :
o 5.38 :
"y 5.66 :
oy 4.68 g

O 4.51
so1tin 21.88 |
Volunelric Bata T

Pressure Total Volume Swelling
peig ml Factor

615 156
7000 1165
755 136
825 126 ;
865 171 : |
910 117 3
937, 115
955 (RP) -

1185 113

1565 112

1980 111

2465 110

1.091

(90
L]
(9%




P RS WA R R e SRR IS e o e R

zooo?) COMPONENT MOLE PERCENT

Co, 21.62
C 13.78
Co 5.40
Ca 5.30
Cs 2.07
Ce 3.90
C, 5.38
1600 I- Ca 5.66
) Co 4.68
C[O ’ 4.5
Soltirol 21.88
1400 - Ppp= 955 psig

PRESSURE, psig

1200 — L

1000 —
BQO -
1o 120 130 140 150 160

VOLUME, ml

FIGURE C.2 PRESSURE - VOLUME BEHAVIOR
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Composition and Volumetric Data for Reservoir 0il and CO

Table C.3

Comosition

Cormonent, Mole Percent

o, 46.01

C}“ 10,24

CP 3.98

Cé 4,10

nC; 3.57

nC, 1.62

nes 2.56

nC7 3.53

rﬁg 3.73

an 3,08

nC'O 2.97

Solln)] 14.61
Volumetric Data
Pressure Total Volume Swelling
psig ml Factor
935 170
985 160
1035 1%0
1105 140
1125 137
1150 (BP) - 1.288

1170 134
1575 13z
1915 131
2230 130
2620 129

C-5
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PRESSURE, psig

COMPONENT MOLE PERCENT

22001 CO, 46.01

C, 10.24

C,p 3.98

Cy 4.10

Cq4 3.57

2000 - Cs .62

Ce 2.58

C, 3.53

Cq 3.73

Cq 3.08

1800 - Cio 2.97

~ Soltrol 14.61

Py, = 1150 psig
1600 -
1400 -
1200 |-
1000 -
800 1 ! 1 1 - |
130 (40 150 160 170
VOLUME, ml
FIGURE C.3 PRESSURE-VOLUME BEHAVIOR
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Composition and Volumetric Data for Reservoir 0il and COE

Table C.4

Composition

Conponent Mole Percent
-Co 60.48
ol 2 70
ul a4
62 2,91
C3 3.00
nC4 2.62
nC% 1,11
nca 2.87
nC7 2.58
nC8 2.75
ncq 2.27
nC; .18
s01t¥o1 10.73
Volunctric Data
Pressure Total Volume Swelling
psig ml Factor
1C75 190
1115 180
1145 170
1190 161
1215 158
1220 (Bp) - 1,505
1720 155
1995 154
2235 i53
2510 152

C-7




PRESSURE, psig

2200

2000

1800

1600

1400

1200

1000

8OO

COMPONENT

Cq
Cio
Soltrol

Pbp

= 1220 psig

MOLE PERCENT

60.48
7.51
2.91
3.00
2.62
.11
1.87
2.58
2.75
2.27
2.18

10.73

190

.
1 1 1
150 160 170
VOLUME, ml
FIGURE C.4 PRESSURE -VOLUME BEHAVIOR
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Table C.5

Composition and Volumetric Data for Reservoir 0il and CO2

Composition
Component Mole Percent
Co, 75.00
C]“ 5.42
CP 2.06
Cé 2.03
”Cq 1.60
nCC) 0.56
”Cé 1.10
nC7 1.55%°
nCS 1.65
an . 1.36
nC‘O 1.29
s011%01 6.39
Volumetric Data
Pressure Total Volume Swelling
psipn ml Factor
1145 230
1175 - 220
119% 210
1220 (BP) - 31.942
445 200
1565 RT3
1880 196
2170 194




PRESSURE, psig

COMPONENT  MOLE PERCENT
Co, 75.00
2400 |- 6 A
c, 2.06
Cy 2.03
Cq 1.60
Cs 0.56
22001 Ce 110
o 1.55
Ca 1.65
Co 1.36
Cro .29
2000 - Soltrot 6.39
Py, = 1220 psig
1800 |-
1600 -
1400}
1200}
A ! 1 1 1
1000 190 200 210 220 230
VOLUME, ml

FIGURE C.5 PRESSURE-VOLUME BEHAVIOR
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Composition and Volumetric Data for Reservoir 0il and CO

Table C.6

Composition

Component. Mole Percent
CO? 75.95
c.” 4,18
c) 1.58
C3 1.680
nC4 1.35
nC5 0.48
n06 .91
nC7 1.25
nca 1.32
nC9 1.09
nC.O 1.04
So1tfol .26
Volumetric Data
Pressure Total Velume Swelling
psig ml Factor
1165 280
1185 265
1205 250
1210(BP) - 2.361
1230 245
1350 243
1535 241
1705 - 238
1910 237
2075 235

2



PRESSURE, psig

2400

COMPONENT MOLE PERCENT

CO»2 79.95
2200+ C 4.18

Co .58

Cx |.60

Ca 1,35

Cs 0.48
5000 Ce 0.91

Cr 1.25

Cg .32

Cs .09

Cio 1.04
1800 b Soltrol 526

Pbsn: 1210 psig
1600 -
1400 +
—=
1000 { _ 1 i f |
240 250 260 270 280
VOLUME, ml |
BEHAVIOR

FIGURE C.6 PRESSURE -VOLUME




Table C,7
Composition and Volumetric Data for Reservoir 01l and

12.873% ClHd’ 87.127% CO2 Mixture

Compesition

Component Mole Percent

CO? 14,17

Cl"‘ 18.67

C2 6.57

C3 6.77

nC4 5.71

nC6 2,42

n06 5.11

nC7 5.17

nC8 5.46

ncg 4,50

nC 0 4,35

Sol%rol 21,11

Volumetric Data
Pressure Total Volume © Swelling
psig mi Factor
520 140
680 130
755 120
780 117
810" 114
845 111
890 109
905 (Bp) - 1.043

965 lcs
1390 107
1860 - 106
2375 105




1900 %'
1700 — COMPONENT MOLE PERCENT
Oz 1417
C 18.67
C, 6.57
B o 6.77
1500 Ca 5.71
C 2.42
| Ce 5.11
= | ¢y 5.17
2 o Ce 5.46
. - |
% Cy 4,50
CDE Cio 4.35
7S Soltrol 2nit
W
!
e
G 1100 - Pbp = 305 psig
900 -
700
500 L ‘ ’ ' . —
100 Ho 120 130 140
VOLUME, m!

FIGURE C7 PRESSURE-VOLUME BEHAVIOR




Table C.8
Composition and Volunetric Data for Reservoir 0il and

12.873% C1H4, 87.127% CO, Mixture

Composition

Component Mole Percent
C02 29,43
Cl 16,18
C2 4,82
C\,3 5.08

nC4 4,50
nC5 2.02
nC6 3.16
nC,} 4,34
n08 4,58
rﬂg 3.82
i 0 3.71
So1l %ol 18.36

Volunotric Data

Pressure Total Volume Swelling
psig ml Factor
865 150
935 140
1020 130
1060 128
1080 122
1125 120
1140 (BP) - 1,159
1460 118
1735 117
2035 1if
2330 115

R T R




PRESSURE, psig

2200

2000

1800

1600

1400

1200

1000

800

COMPONENT 120LE PERCENT

FIGURE C.8

C-16

160

€O, 29.43
(of 16.18
Cso 4.82
L Cy 5.08
C4 4.50
o 2.02
Cg -3.16
C, 4.34
B Cs 4.58
Ca 3.82
Cio 3.71
Solirol 18.36
- Pbp = 140 psig.
1 1 | | ]
120 130 140 150
VOLUME, m!
PRESSURE -VOLUME BEHAVIOR



Table C.9
Composition ant Volunetric Data for Reservoir 0il and

12.873% C}Hd’ 87.127% CO? Mixture

Composition

Component. Mole Percent
co, 55.05
Cl“ 14,99
C, 2.87
c; 2,95

nCE 2,52
nCn 0,91
il 1,74
n(I,S" 2,37
Nt 2,62
an 2.09
nc 0O 2.00
SOIEIGI 4.99

Volunctric Data

Pressure Total Volume Swelling
psig ml Factor
1320 185
1385 175
1450 165
1510 160
1530 158
1535(BP) - 1.522
1865 156
2095 155
2350 154
2590 153




i

PRESSURE, psig

2600 - COMPONENT MOLE PERCENT
o, 55.05
c, 14.99
C, 2.87
2400 - ¢ 295
Cq 2.52
Cs 0.91
Ce .74
C, 2.37
2200}~ Cs 2.52
Cq 2.09
Cio 2.00
Soltrol 9.99
20C0 — Pop = 153 5psig
1800 -
1600 |~
1400
150 160 170 180 150
VOLUME, ml.
FIGURE CO9 PRESSURE - VOLUME BEHAVIOR

[
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Table C.10
Composition and Volumetric Data for Reservoir Oil‘and

12.873% C.H,_ , 87.127% CO, Mixture

14 2
Compositicn
Component Mole Percent
002 65.40
C] 14.29
C? 1.96
Cj 1.97
”04 1.67
nC% 0.61
nCé 1.16
nC7 1.60
nC8 1,70
an 1,41
rnC 1.35%
so1tfor 6.88
Volumetric Data
Pressure Total Volume Swelling
psig ml Factor
1560 220
1610 210
1640 205
1645 {BP) - 1.971
1780 203
1990 201
2105 200
2235 199



COMPONENT MOLE PERCENT

CO, 65.40
of 14.29
Co 1.96
1.97
1.68
0.6
1.16
1.60
1.70
1.4
.35

Soltrol 6.88

Ppp= 1645psig

o
n
jo %

L
o
=2
w
[42]

tl

[t
0.

| 1
210 220

VOLUME, ml

FIGURE C.IO PRESSURE VOLUME BEHAVIOR




Composition and Volumetric Data for Reservoir 0il and

Table C.11

12.873% CiH,, 87.127% CO, Mixture
Composition
Compoient. Mole Percent
CO2 70.16
C1 13.68
C2 1.48
C,3 1.53
nca 1.33
nC,. . 0.50
ncg 0.93
nC7 1.29
nC8 1,36
ncg 1,13
nc 0 1.08
5018501 5.55
Volumetric Data
Pressure Total Volume Swelling
psig ml Factor
1575 280
1615 270
1665 260
1675(BP) -~ 2.493
1880 255
2005 253
2165 251
2305

€-21




2200 — COMPONENT MOLE PERCENT

CO, 70.16
of 13.68
o 1.46
Cs 1.53
2100 - C, 1.33
Cq 0.50
Cg 0.93
o 1.29
Ca i.36
20001}- Cq 1.13
Cio 1.08
Soltro! . 5.55
19500 |- Ppp= 1875psig
o
)
[N
h
i et
%
a 1800 -
iad
[0
a
1700 |
1600 I~
{ 1 | ]
250 260 270 280
VOLUME, ml.
FIGURE C.J! PRESSURE-VOLUME BEHAVIOR
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Composition and Velumetric Data for Reservoir Cil and

12.873% ClH

Table C.12

4’

Composition

87.127% CO2 Mixture

Cemponent Mole Percent
602 74,15
C1 13.49
02 1.14
C,3 1.17

nc; 0.97
nC,. 0.55
nC'é 0.68
nC7 0.96
n08 1.02
ncg 0,85
nC O 0.82
Sol%rol 4,19

Volumetric Data

Pressure Total Volume Swelling
psig ml Factor
1645 330
1670 320
1680 318
1685 317
1695(BP) - 3.053
1760 314
1850 312
1925 310
2000 308

C-23




2100 ~ COMPONENT MOLE PERCENT

o, 74.15
¢ 13.49
C, .14

Cy 116
Ca 0.97
Cs 0.55

Ce 0.68
o 0.96
Cg .02
Co 0.85

Cio 0.82
Soltro! 4.19

2000

]

1800 —

Ppp= 1695 psig

1800 -

PRCSSURE, psig

700 -

1600 -

1 1 1 H
30 320 330 340

VOLUME, ml

FIGURE C.12 PRESSURE - VOLUME BEHAVIOR |
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