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Avstract

COE—miscible flooding has tecome a wicely used methed for tertiary

recovery of light crude cils. Tne sppliicability of this zrocess

to a particular cil reservoir 15 usuallv examined in lsboratory
experiments, wnich are “YT-anzlysis, znd flcod iests on sand-packed
clim tubes cr on core materia’. JHese exveriments yield in the

wnowledge of the phase bepavicur of very complicated multicomponent
systems, or in case cf ficed tests in the informaticn, if tne
crude o0il will bte miscitle under reservoir conditions cor not.

The me+hod introduced in this saper us cell as
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a rather simple laboratury device on ong side, and cn the cther

gide ine very sophlsticated method of gas cnromatograrvhy. Tre oil

to be investigated is filled inio the hlgh pressdre cell, together
t

with the gas to be used in tne articipated flood process.

fiuid phase, are drawn from the cell a2fter a time when ecullibrium
g reached, and the comuponents ayiracted ‘rom the oil are determined

in a suitable gas chromatogravh.

—

Experiments were perforred witn tnis method for a light crude oil,

i

. The Zifference in thne ewtraction abilities

lin

using CGE and . as gase
of these two gases was Zound Lo be not cniy in the diffecent minimum
miscibility pressure, bat alsd in difTerent compcnents exiracted

from the oll.
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from Brigham et al. shows that at a particular pressure and
temperature a two phase regicn exisis beiween the liguid

component C?+ and *he dry gas rmethane. If a crude oil should

be miscible with the dry gas it must have & composition as
represented by point 2 in the regicn at the right side of a
tangent at the critical point parallel to the tie-lines. The
displacing phase =hould have a compos.iion as represented by

point D to achieve the so called cdirect wmiscibility. IT a gas

of composition & is injected into the reservoir thls gas will be
enriched step by step during the fiood process untll a composition
similar %o that of point T is achieved at the leading edge of tne
injected slug. This crocess is usual 'y called multiplie contact
%iscibility. For a crude ¢il rervresented by rcint C, miscibility
can be achieved only if the two phase region is decreased. This

can bve done by incressing e pressure.

Determination of Miscipility Tonditizns

L

4s outlined above the miscitility conditicns may be determined
by laborateory PFVT aralysis of the reservelr fiuid,

Another meaningful and mcre common.y used method is the dispiace-
rent test, an oxvperiment wnich is tried to be carried out quite
cimiler %o reservoir conditions, The sxperimental set up is siown
in fig. 3. 4 slim tube with & lengin of soout 10 m and & diameter

o arout 1 cm is5 filied with sand and saturated with the crude cil

to be examined. The crude cil is then disrzlaced under high pressure
(100 -~ 300 tar = 10 - Z0 Fha = 1500 - L3500 psi) by tne miscitle

fluid, e.g. supercritics) carvon dioxide, The recovery at break-
tnroush of the displacing vthase is usually clotted vs. the cressure

T

sprlied during the experiment. brom a curve as chown 1p fig. 4
obtzined from several experiments tne minimum rressure where z

‘ble muy be determined.

miscible dispiacement 1s
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The setup of the egulpment used Ior the exiracticn examinziions
ig shown schematically in fig. 5. The live il to be exarined was

sucked under pressure bty means of a piston pump with mercury as
2
displacing fluid intc a steel cell wilh & volume of 1,000 om” and

i et

a nominal pressure cf 1,000 tar. tocordingly, a definite gas
O

volume was sucked intc “ne cell in addition to the cil, Tris should
be done at a pressure above the tubble point pressure of the cil,
byt below the expected mirimum miscitility pressure, In the tests

e
Z e

described herein, 10 ml gas were filled into the
ce>] at a vressure cif 50 bar. Tne whole ccoll has been nreated to

o} . .
37 C in a water bath.

The cel! was azilowed to swand Tor at least 24 h at the pressure to
be examined in order tc establisn enuilibrium, Zgullibrium was
confirmed by the fact that even afier 3 1o 5 days, no cranges had
sccurred in the compecsition of the fluid, Samnling was effected

z
by taking e smail volume flabout < ~m ) wia two valves from the fluid

rnase wnile peeping o

cooling trap, and thal there remained nc liguid hy

parts of the egulpment.

ocling “rap were then

]

"he hydrocarbon gases f{rozen Sut 1n the

araiyzed in a gas chromatograth. fr=lviically it was only possible
~ .. Tne hnwydreocarbong thal can
G, Y in the pressure and
“+
©n 55 and 3?5.
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& results miicliollity rmay e achieved flrst
Tressures OO0 tar, wnpich s far 1o hign o
Tplied In oo pelrolesum rogErnvIir,
rasulits slse zhow an advantase o this method I comrariscon to
tute tests, To carry out slim tube tests ai tressures un Lo
bar iz very difficulit, %eczuse the equilcment for siim tunpe tegt
suz'ly oonTy ozvallable for nressurer upoto 250 bar. Ao oone o

K Twies of whis pausr was Lo cwamirne tre zotential for
fole flcooding witn vitromen, 10 the following some exIraction
riments are uresentod asing siwiures of nitrogsn enc carbhon
¥ide and nitrogssn oand netural gose The suestlon was, 17 the
mlociol.oluy aitroren could ve decreased Uy
iticn 0f these gaves S, 10, 17,
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btained, because hydrccarbons up 0 Lo, and above are extracted
from the oil. This deterpination ¢f the minimum miscibility pressure
coincides well with former slipr tube tests where a nminimum
miscitility cressure of 210 tar was determined for pure COZ.

mhe agditicn of 23 mol ¥ N, tO the [0, shifts “he minimum

™

riscibility pressure Cn.y regligitly, 11 at all,

Fig. & shows thal even a2t a hign nitrogen ccrtent of 60 mol %,

-

hydrocarbons are sti1l extracted at a relatively 10w pressure.

Lt pressures between 200 and LOD bar, two groups of hydrocaroans

cour in the crnromatograms, CnRe wetween C. and 810 with a maxipum
-
at Cn, and another betlween c_. and O... Possibly these two Eroups
7 Zu 25 - =
may be assigned to the TwWo @i fferent gases. At 500 bvar firs: a

cont+inous "spectrum' is cbteined.

In fig. 9 measurements are chown Similar to those shown ir the last
figure, however, witn & miwture of &2 mol % nitrogen and 20 ncl %
€l Comparing botrn figures, ORE cees tnat the conditions for

miscibility further detoriate. The snRare o gmpcnents at

decreased further.

»

In the next two figures tesis 8TE shown, using nixtures of nitrcgen

and hydrocartons. TDhe rydrocartcn g£&s used in the mMixtUres consisted

of 55 mol % methene, 10 mol & etra-e, 15 mol % propane, 1C mol %
tutane, & mol % pentane and 4 mol % nexang.
T{g. 10 shows a test witn Lo wel % of this hydrocarbon g£as and 650 mol

¢ nitrogen. Like in tne orevicus LeE8is, nere tco hydrocartong are

iy

Fig. 11 shows tne same tést wiln 2 mixture of 60 mol & Iy and 20 mol
% of ihe hydrocarbon £as. There tne results are sractically the

same as bpefore, the only 4% fference being that the pxtracted

compcnents are & tit nigher.
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