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SUMMARY

The Moonie oilfieid of south central Queensland was discovered
in 1961, and is now hearing depletion after producing over 35 pércent of
original oil in place. The field has interesting potential for enhanced
recovery because of its reasonably high residual oil saturation, high
gravity oil and several other factors. The main detriment towards
enhaﬁced recoverj is the edge water drive from the northwest to the
southeast of tﬁe field. |

The Bureau of Mineral Resources through the Petroleum Technology
Laboratory has conducted studies on core samples from the field using
polymer as an enhanced oil recovery agent., The tests wefe conduéted at

various water cuts to simulate different stages of depletion and water

throughput in the reservoir. Studies were also conducted to evaluate

thé effect of permeability variation on "polymer oil" recovery (manifold
tests) and the effect on recovery of polymer dilutionvby edge water
influi. |

The tests showed that pglymers can produce a significant amount
of additional oil at depletion, ranging froﬁ 0.8 to 7.7 percent of oil
in place,. and particularly when some mobile o0il is present in the
reservoir., The manifold tests showed a significant reduction in flow

through the higher permeability samples on polymer introduction, which

substantially improved 0il displacement in the tighter material; "diluted"

polymef still produced somé additional oil. . <

Residual resistance tests involving.the measurement 6f flow
to water before and after polymer injection showed marked reductions in
water permeability, particularly in samples with low flow capacit&;
however, reductions in flow capacity to oil at low water cuts after

polymer injection were minimal.




.1 Introduction

Application of Fnhanced Recovery to the Moonie 0il Field, Mueensland

The Bureau of Mineral Resources,. as part ofménééing studies to

encourage explofation and deyelopmént of the nations mineral resources
has initiated studies in enhanced petroleum recovery in some of our
depleting reservoirs. The initial investigations in this field have
examined one of ourvoldest 0il fields - the Moonie reservoir in Queensland.
The work was'gonducted in conjunction with the Queensland lMines Department
and International Oils Ltd who are operators in the field.

0il recovery from subterranean reservoirs by natural depletion
is a rather inefficient process which generally leaves nuch more oil
trapped in the reservoir than is recovered. Ior instance, recovery
efficiency by natural water drive mey vary from a maximum of 80 percent
of 0il in place in a few reservoirs, to as low as 30 percent, with
the majority of reservoirs producing on average about 45 percent of oil
in place. Reservoirs producing by a dissolved gas drive mechanism may
only recover frém 10 percen£ to 30 percent of o0il in place (1).

Under a water displacement mechanism oil entrapment usually
occurs as a result of two controlling factors

(1) Areal sweep efficiency

(2) Displacement efficiency.

Sweep efficienqy is governed by the uniformify of a formation
(lenses, channels, fractures etc usually contribute to poor sweep |
efficiency) and also by the fluid mobility (%) whish id the permeskility
of oil or water in a reservoir divided by its viscoéity. High mobility
ratios (Kw/Uw - Uo/Ko >10) indicate poor sweep efficiency in a reservoir.

Displacement efficiency is dependent on the microscopic pore
displacement where capillarity and surface/interfacial tehsions control
production rather than dynamic forces as in macro sized POTES. -
Reservoirs showing a very even pore size distribution usually show good
displac ement efficiency under water ériye due to the even flood front

movement, whereas the reverse is true for an uneven pore system. Most
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of the oil unrecovered after water displacement is trapped in these
micro pores as unconnected globules and droplets by poor-displacement
efficiency (2). |

It is toward this residual oil that improved'recovery techniques
are generally directed. Studies are currently being conducted in many
areas of the world (includiné AuStralia) to attempt to win more of these

unrecovered hydrocarbons by enhanced recovery techniques.

2 The Moonie 0il Field

Moonie is a typical examplé of an oil réservoir in Australia
which may_héve application for enhanced recovery. The field is located
in the south-~central part of Qpeehsiand (Figure 1); it was initially
discovered in 1961vby a consortium headed by Union 0il of California.
~ During early field exploration, oil was discovered in tWO.zones in the
field, at about 1720 metres (50O API gravity 0il) and 1780 metres-(44o API).
The lowef zone later proved to be.the principle producing horizon, with
only two wells produding fromlthe upper sand.

The lower producing sand has an average permeability of 300
millidarcies, 18 percent porosity and an origiﬁal water saturation of
about 47 percent. Thé original in place reserves of the field were about
54 million barrels, with the main production mechanism being'edgg water

drive moving from northwest to southeast.

Ha Production History at Moonie

The Moonie field peaked in oil production in 1966 when. 9000

' barrels per day were produced. This declined rapidly and,production.

is now abouf 900 barrels per day with water production éxceeding 90 percent
of the producing stream. The 6rigina1 oii—water contact was relatively_
flat across fhe-field but isvéurrently tilted towards the southeast where

water cuts are less severe. There isalso a variation in the water table



.

3.

"~ in the north east of the field where production problems exist apparently

“due to localized clays; oil production in that part of the field has

only averaged about 9 percent of oil in place while average recovery
in the . south~western paft of the field is about 42 percent of oil
in place. This latter recovery compares favourably with world averages

for a water drive reservoir (1).

4. Application of Enhanced Recovery to'the Moonie Field -

At depletion, the.primary recovery in Moonie is calcaluated

to be about 20 million barrels, leaving about 34 million barrels trapped

in the reservoir., This represents a field wide recovery of only 37
percent of oil in place. How can more of this wvery valuable residual
0il be recovered? For instance, if an enhanced technique could be
devised to reéover an additiénal 5 fo 10 percent of the oil in place
at Moonie, this could enable a furthef 2,7 to 5.4 million barfels-of oil
producfion, representing a saving in foreign exchange of 37 to 74 million
dollars at world parity pricing.

In order to evaluate possible enhanced recovéry applications,
it is first important to detérmine the controlling factors on Moonie

production. Moonie is a heterogeneous type sandstone in which the main.

. p:oduction'haslbeen due,ﬁo movement_of'fluids along the bedding planes

from west to east under-edge water drive, with little effect from
vertical flow perpendicular to bedding. There isvéome probability that
"channeling" of water through the more permeable zones and stratified
layers has occurred, with bypassing of 0il in unflushed zones. This is
suggested in the wide variations in ﬁermeability in adjacent éamplés,
although the current recovery (42 percent of oil in place) in the south
western part éf the field suggests reasonably uniform displécement.

With unifqrm displacement; one could consider that rgsiduai oii would be

trapped in the micrb system rather than in extensive “pockets" due to
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widespread poor sweep efficiency, not considering ény radical changes
in well spacing to improve sweep.
The low recovery in the north of the field (covered by wells

3, 10 and 30) suggests a probable formation damage problem which hay
require some form of a proven pretreatment (e.g. clay stabilization)
before any enhanced recover& mechanisms can be considered. Certainly,
the very high residual o0il saturation- for this area suggests an édditional
0il recovery target well worth considering, and wﬁich may entail_a
separate étudy by our laboratory. |

~ Therefore, considering all factors, a numberrof enhanced
recovery processes were examined for Mbonie (Figures 2 and 3) and for

various reasons, most were not suited., For instance, thermal techniques

~are of no avail because of‘thelhigh gravity of Moonie crude; gas cycling,

wet gas and CO2 injection have little economic prospect because of the
dearth of available injection fluids in the area. Similarly, solvent

flooding using miscible fluids such as alcohols, LPG etc. have minimal

'application because of the poor verticai movement of fluids in the Moonie

- reservoir,

There are however sbme favourable advantages for chemical
flooding (surfactant;micellar,_polymer injection) in the Moonie reservoir.
These advantages include a clean formation, fresh water, good pbrosity
and permeability and a favourable residual.oil'satuiati;n trépped at
depletion. The major unknown is of course the edge water drive and its
limiting féctprs on the desired concentration of injected'chemicals.

For this‘reason the highly cépital intensive surfactant/micellar technique
was deleted from further study. This decision was further influenced

by Mungan (3) who sa&s "The surfactant/micellar process is @ost.complicatea,
and expensive, and chances of recovering additional oil economiqally

are small at this time".
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The expected advantages in using polymer injection as an
enhanced oil recovery technique at Moonie are likely to be:
(1) Improve the general sweep efficiency by lowering
~ the permeability in the stratified and high permeabiiity
pore chanhels, causing more wafer to'flowﬂthrough
and displace oil from the higher residual oil éones.
(2) Significantly lower'relative permeability to wafer
4 and reduce water-oil ratios.
(3) Stabilize clays in the formation.

(4) Reduce mobility ratios.

The principle of displacement would be to inject polymer into
wells parallelihg tﬁe western boundaryvof the Moonie field. O0il
production on.the eastern margin would hopefully be augmented by the

above favourable aspects and by the expected linear northwest to

‘southeast flow of fluids in the field.

5, Laboratory Study - Preparatioh and Testing

' ‘A prerequisite to any field pilof study of enhanced recovery
-is a series of laboratory tests usipé field cores and fluids. These
"were carried out on cores from six wells in'the éGUthwest of the Moonie
field, céhprising wells 4, 9,'13, 26, 27 and 34. Initially ‘oil recovery
at natural depletion was evaluated in eéch of the samples by basic water—
fiood testé follpwed by pélymer displacemént in the same samples at
various stages of oil depletion (Series 1 samples). Because of.problems
with wettability in these saﬁples, additional tests ovér some of thege
same-intervals were conducted on duplicate and friplicate'adjacént plugs

(Series 2 samples).



(a) Preparation

In preparation for laboratory work,-tWO core samples were
drilled from each piece of core parallel to the bedding planes. These
comprised a_1évinch diametervblug for displacément recovery tests aﬁa
a %-inch diameter plug for capilléry_pressure/residual water‘saturatioh
tests. All plugs were trimmed to approximatély 1+ inches ih length,
then cleaned with toluené and dried at 10500 for 24 hours. 'This resulted
in 69 plugs from 6 wells. Routine measujeﬁent of porosity to air and
permeability to dry nitrogen was then carried out in each sample and is

presented in Table 1.

(b) Capillary Pressures

In preparation for subsequent testing, all samples were

. saturated with Moonie field water, the analysis of which is shown in

Table 2. Air-water capillary pressure tests were then'initially conducted
on-the % inch diameter plugs by the centrifugal technique; from these,
residual water satgrations vs._capillafy pressure curves were determined
on each sample for the full oil columnAof the Moonie structure. The
curves were averaged on the basis of sampie permeability and also plotted
as a function of height above the oil water contact in each well. These
reéults are shown in:Figures 4 to 7 and in.Tablé 1. Becéusé of. the

dearth of samples from wells 9 and 13 (3 in each) only the individual

samplé_fesults for each plug in these wells are shown in Table 1.

¥

(c) Vaterflooding (Series 1 samples)

In preparation for water displacement oil recovery tesfs, the

-adjaéeht 1% inch diameter plugs were flushed with refined oil to establish

_irreducible water saturations corresponding with their adjacent capillary

pressure plug. Subsequently, permeability to oil at irreducible water

saturation was mcasured, followed by a waterflood to 100 percent watercut,

using a water—oil viscosity ratio comparable to Moonie reservolr conditions (0.47)

¥
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The results of these tests are shown in Tables 1 and 3 and in Figures

8 to 13 (averagé recovery’curves for each well).‘

(d) Polymerflooding (Series 1 samples)

Fof polymerflooding, the plugs were extracted, dried and

resaturated with water and.oil to the same éonditions existing prior
to waterflooding. This was done in order to directly compare thé basic
flood tests with the polymerflood tests. \aterfloods weré then coﬁducted
to approximately 93 percent wvater .cut in some of thé samples (simulating
the current deplefion state of the Moonie reservoir)vand to iOO percent
water cut in the balancé. Following this, approximétely 0.3 to 0.7 pore
volume slugs of 500 ppm polymer solution'(OfOB% polymer by weight in
distilled water) was injected into the samples, followed by water flooding
to 100 percent water cut. The polymer used was a partiqlly hydrolyzed
polyacrylamide designﬁted "Pusher 700" and marketed by Dow Chemicél
Company in U.S.A. Other polymérs were considered, such as the polysaccharides
and additional brands of polyacrylamides; however, the pusher series
was chosen as a fest sfandard because of its wide use by industry,
particularly in the ﬁ.S.A._

| A diagram of the apparatus used for the flood tesfs is shown
in Figure 14.JHThe all glass and plastic system used for the fluid
reservoifs and lines/end plﬁgs Qas adopted to afoid any qhemical degradation
of the polymér during flow tests. Mercury was used as the pressure medium
as it showed minimal detrimeﬁtal effects on the polymer viscosity over
a one week test pefiod. Precéutions against degradation 6f the polYﬁer
by light were also taken by storage of fresh mixed polymers in ambér
bottles and the use of opaque glass reservoirs plus frequent replacement
of the polymer in thefiéw system. ' | g e ¢

A “scrceﬁ_factor“ apparatus used to evaluate the viscosity

characteristics. of the polymers is also shown in Figure 14. The use of
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this apparatus simulates the flow properties of polymer in a complex
porous medium by virtue of the 100 mesh screens, much more appropriately
than a capillary viscometer in which latter instrument the visco-dilatency

of a polymer upsets true viscous flow determinations. .

(e) Wettability Effects

During the course of preparing the samples‘for the inifial
polymer flood tests, problems were eﬁcountered Qith the wetting properties
of the samples, such that duplication-of o0il recovery characteristics
in dupiicéte standard water flood tests (on the same sample)'couid not
be achieved. The cause of these wetting changes which invariably and
substantially reducéd 0il recovery in the second flood teéts is ﬁnélear.
Possible causes of this reduction in recovery may be due to wetting
changes from the:clays in the samples or possibly as a result of tﬁe dils
or solvents used duriﬁg preparation and testinng As a résult of these
problems; "polymer oil" is shown oﬁly for those samples which were
waterflooded to 100 percent watercuts (and subsequently polymerflooded);
these reéults are shown in Table 4. .

Because of the detrimental effect on evaluation of true

polymer oil recovery (particularly at water cuts less than 100 percent)

extra sample sets of 1%‘inch diameter core plugs were drilled from

‘additional Moonie core material, adjacent to some of the sefies 1 plugs.

These samples were cleaned and driai then saturated with o0il and residual

. water as previously described. One of these sampleé was then used to

determine "basic" oil recovery by water flboding to 100 peréent water -

cut, followed by polymer flooding. These fesults were compared to oil

recovery in adjacent plugs waterflooded to less than 100 percent water
cut and followed by polymer displacement. The results of all the above -

test work is presented in Figures 15-22 and Tables 5 and 6.

[0
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6. Discussion of Results

(a) 0il recovery by water drive (Series 1)

. The natural oil displacement characteristics of the Moonie
core plugs were determined in these tests by waterflooding. The average

recovery of the six wells showed 24.1 percent of oil in place at water-

bréakthrough, 39.8 percent at 97 percent water cut in the production

stfgam and 50.5 percent at 99.8 percent water.cut. This compares
reasonably well with the current recovery invthe southern.portion-of
the field (42 percent of oil in place at 94 percent water cut).

Mobility ratios (MR) of all the floods‘averqge 0.94 indicating

a reasonably good sweep efficiency. (Burcik (4) suggests'an areal sweep

~efficiency of 72 percent in a reservoir if MR = 1). However, it is

interesting to note that the_mofe ﬁermeable samplesvgenerally show the
highest mobility ratios in our tests, suggesting that some of fhe~reduction
in water mobility at primary.depletion is probably due to minor particle
movement/pore plugging in the "tighter core material", ‘This characteristic
may be less prevelant in the réservoif wheré dynamic conditions will have

a reduced effect on flow in the individual smaller capillaries,

(b) 0il Recovery by Polymérflooding (series 1)

3

'The initial polymerflood tests were carried out after samples
were waterflooded in 6 (a), then cleaned, resaturated and again waterflooded
followed by polymerflooding. As noted previously, the second waterfloods

were adversely affected by changes in sample wettability;.with4rather poor

oil recovery correlation between the two sets of waterflood tests (aiff-

erences in recovery between fhe two basic runs averaged about 5 percent
df oil in place);

Accordingly, polymer flooding could only bebcondudted after
iOO percent waterbcufs had been eétablishéd‘in the second "base" waterfloods.

This averaged an additional 3.4 percent of oil recovery for 26 plugs (Table 4) ‘

7
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with an average injection of 0.82 pore volumes of 500 ppm polymer. No
meaningful poiymer displacement characteristics could be evaluated at
~water cuts Simulating current Moonie field conditions (94 percent water

cut) because of the lack of suitable "base flood" results.

(c) Residual Resistance Factors

A measure of the effectiveness of polymer injection/retention
may be determined by evaluating the displacing.water mobility in reservoir
fock before and after polymer injection; the ratio of the two.displacing
fluid pérmeabilitie3v(i.e.; béfore and after polymer) is the residual
resistance (%5 . This in turn indicates the "blocking action" of the
polymer to folloﬁing:fluids in the reservoir thus indicating how diversion
to andxisblacement in the lower permeability rock may .occur. This is of
vital importance because tﬁe greatest amount of residual oil is genefally
ioqated in the loweﬁ permeability pore system. |

These factors have been Qalculated for the polymer displacement
in 6'(bj and are listed in Table 7. The samples have been tabulated
according to their pefmeability to oil af residual water saturation and
are 1isted in tﬁo grdups‘— one group of 12 samples'greater than 100 md and
one group of 14 samples less than 100 md. For the high'ﬁermeability samples,
the rekidos) Pesietance a§efaged 2.1 and for the low permeability gréub' v
it a&eraged 3.5. The greater reduction of displacing f}uia‘mobility in
the "tighter" core material is a measure of the increased éffectivenéss
'of'polymer film retention on the individual (smaller) pore spaces; HoWever,
this effect'would_be 1es§ prevelant in the reservoir where the main polymer
flow would'preferentially‘be through the mofe permeable channels (see |

manifold test results later in report).

(1
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(d) Polymer Adsorption and Degradation
During displacement tests with polymer, an attempt waé made
to evaluate the effect of mechanical degradation of the polymer.due to

shearing action of the porous media in the polymer solution. In addition,

attempts were a2lso made to measure the amount of polymer adsorption which

occurred in the pore system. Both these factors are of significance in

polymer displacement and control to a largé extent the effectiveness of

polymers within the formation in establishing and controlling lower water

~ mobility.

Livaluation of these two factors in core samplesz is often~conducted
by determining the concentration of the polymer in the core efflﬁent
fluids using,é turbidity meter and a capillary viscometer. However, the
displacement volumes of polymer utilizea in these tests were gpecifically
tailored to détermine'additional oil recovery by polymer displacement; |
thesé volumes were generally insufficient to avoid dilution by wafer ‘
in front of and behind the polymer slug, thus interfering with quantitative
interpretation of the results. Although soﬁe of the measured val@es of
effluent polymer concentration are shown in Table 8, these fesults are
inconclusive. Further work will be required in this field to specifically

evaluate the effect of the Moonie pore system on polymers, using much

greater volumes of polymer fluids.

It is doubtful however if mechanical or chemical degradation

was a significant detrimental -factor in these tests. This is based on

the low (below shear) flow rates (5) used and also because of extensive

use of noncontaminating glass/plastic receptacles for displacing fluids

(e) Additional Polymer Tests (Series 2)

Ls noted, the wetting problems evperienced with the initial
set of core plugs, nccessitated further teoting, wtilizing a new group

'
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of samples. These were obtained from the Moonie reservoir from some

of the same zones as previously studied. Two and three plug “"sets"
were selected from each interval to obviate any wettiﬁg problems.. The
basic .properties of these samples are shown in Table D

The sequence of testing for these plugs was as follows. The

- samples were drilled, extracted, dried and subjected to routine porosity

P

and permeability tésts as previously., Xach of the samples was then
saturated.with Moonie field water and irreducible water saturations were
established by.oil fluéhing as in S(c) followed by measurement of perm=-
eability to oil. |

Flooding tests were carried out on eiéht sets of adjacent .plugs
as,follbws. One plug from each set of eight samples was waterflooded to

100 percent water cut then four of the eight were subjectéd to polymer

flooding (followed-by waterflooding) using about 4 of a pore volume slug

of 500 ppm polymer. An adjacent plug from six of the sets wés water—

flooded to about 94 percent water Cut, then polymer and waterflooded as

. described above. ihe balance of 4.blugs remaining from the sets were

waterflooded to about 74 percent water cut (still cdntaining'mobile oil),

then polymer and waterflooded_to 100 percent water cut. The results of

‘all these tests are shown in Table 6 and Figures 15 to 22 in whichvthe

polymer floods are‘directly compared to the basic water displacement tests.

" The six basic waterflood tésts showed average oil recoveries
of 49.1 percent of o0il in place at 100 percent water cut, comparing
favourably with the basic tests described in VI(a). Four of the samples

showed an additional 3.1 percent recovery by polymer flooding after basic

flood tests at 100 percent water cut.

The six adjacent plugs polymer flooded after 94 percent water .

cut showed additional average oil recoveries of 4.9 percent over the bhasic

.flood tests, while the three plugs polymer flooded after 70 percent water

cut showed an average 0il recovery 7.1 percent greater than the basic

VL
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waterflood tests_at 100 pefcent water cut. Two of the plugs from
the latter two groups of tests shéwed exceptiohally ﬁigﬁ'récoveries
(14 percent of oil in place) after ﬁoiymerflooding.
In néarly evefy caée,'the mobility ratios after polymer
flooding (Table 6) are substantially lower than after the basic waterflood
displaoemenf tesfs (1 was before polymer injection); this indicates

significantly improved sweep efficiency. However, in some cases, the

values appear inordinately low, possibly due to some permeability'reduction

due to particle dislodgement and plugeing rather than from reduction due
to the effects of polymer.,

Residual resistance factors (FRr). again followed those deter—

_ mined in the Series 1 samples. These factors were characterized by low

FRr for high permeability samples and high FRr for low permeability.

This again suggests less reduction in flow capaéity by polymers in the

"more permeable section of the reservoir.,

It is interesting to note in these tests, the amounf of oii
recovered at a given displacing fluid throughdut. Significantly, the
samples having the most mobile oil always show the greatest recoVerykat

a given throughput, in this case 2 pore volumes. Samples polymerflooded

‘at a higher water cut showed lower oil recovery at the same water through-

put (see Table 6).-

This observation is iﬁ agreement with most of the literature
on enhanced recovefy which indicatesbtﬁat the amount of mobile oil present
has a significant effect on récovery at any.givén displacement. The
impoftance of a continuous oil phase remaining for as long as possible

during displacement is obvious from these results,

(f) Effective permeability to oil and water

A further interesting effect from polymer injection was observed

‘during additional testing (shown in Table 9). This involved measurement

—

/S
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‘of both oil (Ko) and water (Kw) permeability before and after polymer

injection as shown in the following sequeﬁtial flow diagram, -

1 2 v ' 4
Establish Ko ., Water Kw Polymer Kw . Flush with Ko
residual water. flooding - " flooding ; 0il to low
saturation by ' , water-oil
0il flushing B ) ’ . ratios

The final Ko was measured at very low water oil ratios (WOR = 0.02) and
woula symbolically repfesent the establishment of a new "bank" of displaced
oil mdving‘through the resgrvgir‘subsequent to and as é résult of polymer
injedtion;  Actual reservoir conditions howe&er would be characterized

by somewhat higher water oil ratios.

The significant feature of these tesfs is that injected polymef,
because of its affinity for water, markedly reducés the effective Kw,
binding water by adsorption és a film to the reservoir pore walls, This
apparently is not a reduétiqn due to mechanical biockagé since thé effect
on subsequent oil permeability is minimal (Kw reduction is 63%, Ko is 9%).
- This indicates another way in which polymers may promote oil production
at the expense of wétér, and help to sustain continuity in the dispiaced

0il bank.

(g) Effect of Pol&ﬁef.Dilution_by Water
The pfospedt Qf somé poi;mer dilution in the Mbéﬁie reservoir
is probable'through the active west—éast trending édge.Water drive presently
in existance. The quantity of dilution which might éccur would be difficult
to ascertain without field pilot sfudiesg possibly polymer injection adjacent
to the eagé water influx on the western margin oflthe field may substantially '
restrict influx (and dilution). |
| In order to test the possible effects.of dilution three adjacgnf‘samples
were suﬁjected to simultaneous injection of 500 ppm pOlymerland Mbonie

field water in equal amounts (0.3 pore volumes). This was initiated at

(b -
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100 percent Qater cut in one sample and 95Aand'91 féréént Qater cut in.r
the twovadjacent sdmples. The three samples respectively showed recoveries
of 32.8, 34.3 and 35.3 percent of oil in place (Figure 23).

Alfhough additional confirmétion of these tests through more
extensive sampling and testing would be useful, the indications are that
some dilution df the polymer can be toierated without very-substantial

reductions in oil recovery.

(h) Manifold tests

In tests conducfed S0 faf in this study, the effects of polymer
flow have only been determined in single plués, representing a unit of
resérvoir with limited range in permeability. However, lioonie, és'previously
indicated is :afher heterogeneous in nature Qith the resefvoir being formed
of a nuﬁber of zones of widely varying permeability. 'The natural tendency
in the reservoir is for edge water to preferentially flow through the most
permeatble iayers, bypassing to some extent the lower permeability zones.

. These individual zones aré probably not'laterally extensive
invthe.reservoir, But the point remains that achnsiderable amount of oil
is undoubtedly” trapped in this fashioﬁ in this tighter material.. Polymer

solutions would be expected to reduce this preferential flow to some extent

‘with reduction in flow-in the high permeability zones, and redirection to

the "tighter" high residual oil zones., The following manifold flow tests

were conducted on two plug "sets" to evaluate this effect in the laboratory..

Three sets of samples were chosen for testing. Fach "set" consisted -

of two plugs having a range of permeability which might comprise intermediate

and high permeability reservoir characteristics. For example one two plug
"set!" showed permeability values of 104 and 825 md.  Initially the (dry)
samples were saturated with Moonie field water, then each was flushed to

residual water saturation with oil and Ko was measured.
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Subsequently, using a two Hassler—ceil_Mahifold, both plugs
wefe simultaneously waterflooded using a common input until the permeable
sample showed about 100 percent water cut; at this pointlthe "tighter"
sample in each manifold test showed wéter cuts.of'between 50 percent
to 70 percent. |

folymer injection (500 ppm) was then commenced using an
gpproximate'input of 0.35 pore volumes in each re;ervqir "seth; this
was followed by additional waterflaoding.

: Results‘of thg tests, comprising‘ﬁater cuts, residual resistance

factors, additional polymer oil recovery etc are shown in Table 10.
The most significant feature ofAthis data is £he additional oil recovery
subsequent to pblymer injection; the low permeability side of each manifold
set showed increased "polymer" oil recovery ranging from 12.8 percent
to 20.9 percent of o0il-in place after polymer injection. It is ipteresting
to pote that fhis occurred with less than 0.1 pore volumes of polymer

entering each of the low permeability samples, with the main stream con-

~ tinuing through the more permeable zones. -Obviously, the main displécing
,mechanism is the water following polymer injection; this is further

~evidenced in the marked reduction in flow capacity to water in the high

permeability samples aqd in their higher residual resiétance factors
obtained. . | |

Certaip aépects of these tests, notably thé total fecovery
picture of the more permeable samples in each set appear lower than
average, and it is felt that additional tésts on this aspect ﬁsingva
broader range of.samples need to be studiedf Nevertheless, the tests do
coﬁfirm that polymérs are well suited to improved oil recovery in such
stratified and heterogeneous’iype material, and could be expected to
significantly iﬁprove 0il recovery in cerfain of the tightef, poorly

éwept zones of the Moonie field, if severe dilution by the edge water

drive is not a problem.

Y
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T Conclusions

The injection of ai500 ppm'polyécryiamide polymer into core
plugs from the Moonie Reservoir having.medium to high water cuts, has
shown recovery of significant amoﬁnts'éf ?polymér oil"., Using polymer

injecﬁion volumes of 0.25 to 2.5 pore volumes, polymer oil recovery

_varied from 0.8 percent of oil in place to 7.7 percent. Two samples

showed recoveries over 14 percent, although this may have been a result

" of poor comparison between the test and control plug in a particular

'test suite or slightly lower Water_cuts.

Most of the samples showed marked reductions in water perme-

‘ability and mobility ratios after polymer injection. Manifold tests

involving simultaneous polymer fléw through two samples showed a shift
in flow from the high to low permeability plugs with significant improve-
ment in oil recovery in the "tighter" material;

-~Although &he tests showed that 0.05Apercept and lower strength
polymer pfoduce significant amounts of "poljmer 0il", they fail to

definitely establish whether polymer injected intO'ﬁhe Moonie reservoir

'will be seriously effected by the edge water influx on the western margin

of the field. This problem can only be answered by field pilot testing,
which in any case‘may only be worthy of consideration ifllinear fluid

movemént in the reservoir is defiﬁitely established.

(a ml% |

(4
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TABLE 1

BASIC PROPERTIES - SERIES -1 SAMPLES

" Well - MOOHIE No. & o/ contact - 5836

®
Perneability (millidarcys) Residual
Sample ‘Depth Porosity Ka Ko Kw Mobility water :
Number (feet) (Z bulk- to dry to oil at to water ratio saturation  Lithology
® - volune) nitrogen residual = at residual Kw _Uo before water .
g : ~ water 0il sature Uw  Ke fload
saturation  ation (£ pore vol.)
1 5806 20, 2B 1189 619 1,05 33.0 - sst; fugr to
* ) ' ‘ m.gr; sl arg
2. 5807 1.3 618 648 6 1,28 YR sst; maor. to -
' V.C.Or, B
a : » .
3 5606 19.1 226 160 57 0.1 41,8 sst; m.qr.
5 5617 20.0 140 T 1 1.26 12,3 sty f.or. to:-
' m.gr, ‘
o
6 5620 19,3 87 32 .1 0.48 55,4 sst; fuor.,
. . - arg,
& 1 . 982 20,0 - 1136 967 672. 1.39 1.4 sst; m.gr, ’to»i_ .
: ' : c.gr. "
-8 5627 “ 16,1 - 16 k0 1.6 0.80 66,7 sst; fagra to -
‘ C.9re '
. s
g 5620 19,2 428 21 66 0.5 - 56.8 sst; m.gr. to
' . g ) . V.C.gf‘.
@ 10 5830 165 g7 2% 7.9 066 66.3 ssti magr, to
o ‘ C.gr.
" 5832 19.1 138 A 398 o4 '0.27 64.3 sst; m.gr. to
: ' v.C.gr.
. ,
Average 7.6 478 W % 0.65 51.2 s
. -



TABLE 1 (cont)l’

. W11 = HOONIE No. 9 ., . - . o/w contact - 5833
13 ‘ 5812 16,0 22 3.9 . 2,3 1.7 -66.9 - sst; f.gr. to
v ' ' : : ' v.c.gr,

% 5817 14,9 A [ R 2.4 0.94 674 sst; f.gr. to
® : . m.gr.

15 5831 17 881 122 248 0.66 66.9 sst; m.or, to

' ' S ' V.C.Qr., arg.

o - _

Average . P 306 24 8k 0.93 67.7 -
e Well « MOONIE No. 13 L } ' o/w_ contact = 5842

19 5621 19.4 91 8 W 1.00 53.5 sst; mgr. to -

' ' ' CeQla, arg.

o | , | -

20 5823 112 -3 %1 124 0.88 46,7 as above

21 5826 17.5 - 347 136 63 0.92 © 51,3 ~as above

22 5830  16.7 70 22 8.6 0.78 53,9 sst; m.gr. to

i ' ©cugr.
® Average LT 212 116 56 0.89 52.8 "
e - .
®
e -

21



" Well = HOONKE Ho. 26

TASLE 1 (cont)

o/‘u c;)n’tact - 5824

Permeability (millidarcys)

® Residual
Sampls Depth Porosity Ka Ko Kv Hobility water Lithology
Number (feet) (€ bulk to dry to oil at = to water ratio saturation
volume)  nitrogen residual at residual ~ Ku  Uo before
water 0il satur- Uw Ko water flood .
saturation ation (£ pore vol.)
®
24 5768 19,7 148 65 290 0.89 43,4 . sst; f.gr. to
. ' 4 V.Cngf‘.. arg.
® 5T 1941 90 " 19 0.66 46,1
26 5173 15.4 106 5k 2 0.81 46.1 sst; magr. to
. v.C.Or, '
) :
27 5176 19.1 488 408 3 * 36.2 sst; m.gr, to
c.gr,, sl.arg
26 5780 16.3 205 149 43 0.58 43.2 as above
‘ "
29 5782 20.5 1219 1209 1196 1,3 35.4 sst; m.gr. to
: ) C.gr.
® 5785 20.5 1751 13680 - . 583 0.84 37.9 ‘as above
3 5788 19.9 1234 999 118 1.95 33.6 .as above
® 5790 19.7 249 188 66 0,70 42,9 as above
* 3 5792 16.7. 5 A 16 0.68 42,9 sst; m.or.
®- 3 5799 - 13.3 19 9.0 2.0 044 62.8 sst; fuor to -
‘ ; ‘ m.gr., sl. carjb»
35 5601 18,1 588 472 302 1,26 4.8 sst; m.gr. to
' c.qre .
® 9
36 5603 1.3 65 % BT 1.16 5.6 sst; m.or. to
' v.C.qr,
® 37 5804 14,7 10 34 16 0,9% 57.1 sst; m.gr. to
' : c.gr, s, calc.
38 5819 4 18.8 164 50 16 0,64 66,9 sst; m.or. sl. arg.
@ o
Averane 17.9 433 348 209 0.94% 46,2 ~ T



® - TAOLE 1 (cont)
Well w HOONIE No, 27 ' “o/w contact 5840 .
Samplé_ Depth Parosity K Pcrmeabi:(lty (mﬂnhdar::ys) I Beiidual ,
Humher (Teet) (1 bulk - ) ¥ IR vaer Lithology
® ik to dry to oil at to water ratio saturation
S nitrogen residual at residual kv =~ Uo  before
water 0il satur- Uw Ko water flood
saturation  ation £ pore vol,)
® 5772 15.8 3. 15 6.9 0,92 50,5 sst; mugrs
Y 5775 Thb 39 20 9,4 0.9 48.8 sst; mgr. to
v.c.gr,, sl. carb
L] - ‘ .
43 5778 18.3 103 69 29 0.84 L4 sst; m.gr. to .
CoeQle
5 5781 17.9 1412 1248 99 147 18,7 sst; c.gr. to
® VoC.Or.
45 5782 18,3 96 58 26 0.89 - 44,5 sst; c.or.
® i 578 15,6 14 6.3 3.3 1,04 52,9 sst; m.gr. to
c.qr. '
87 5767 15.0 10 b 2.0 0.90 53.1 sst; f.or. to
. ' m.qr,
@
48 5788 20,1 1489 - 1291 m 1.19 36,7 sst; c.or.. to
o v.c.gr,
® 4 5780 13.4 N k1 2.3 1,09 57,6 sst; a.or to v,
' gr. sl. arg and.’
, carb,
50 5791 17.1 29 . 25 119 0,95 42,0 sst; m.gr. to
Q- c.gr. sl, arg
51 5793 . 19,7 04 . 6% 226 0.72 36.7 sst; c.or.
® 5795 18,9 1339 1368 129 1,66 %.9 —
' ' VeC, Qr,
53 5802 - . 12,k 1.5 1.3 0.16 * 66.5 sst; f.or, slty
54 5806 18,7 499 426 153 0.72 bk, 1 sst; mar.
55 5808 13.5 % 26 9.0 0.60 57.0 il g, A
& ' v.C.O, /LSZ ‘



TABLE 1 (cont)

®

, Well = MOONIE No. 27 (cont)

5 - 5810 19.0 476 827 208 0.97 8.9 . sst; m.gr. to
° ) ngro

57 5612 16,3 . 1032 123 619 1,00 4.6 ssticar. to
® ; v.C.Or, 4

58 5813 13.8 133 7.7. 33 0.86 53.5 sst; c.or. to'.

: V.C.Qr., arg. .

® — , , )

59 5816 - 18.6 142 81 25 0.62 54.3 sst; m.gr.

60 5818 17.0 %1 140 48 0,68 53,4 sst; n.gr to

_ : ' : CeQre '
®

61 5822 - 16,2 " 15 6.6 0.68 642 sst; m.gr

62 5830 16,4 135 38 15 0.78 68.7 sst; mgr to
] . T . . . c.gr.

Aver age 16.6 378 T 205 0,99 - 4.8 "
L ] - :
*Result not avallable for No. 53

i
@ .
®
# "
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- : TABLE 1 (cont)
Well « KOONIE Ho, 3% ‘ : o/w contact 5842
® , , Permeahll.ity (a1111dareys) _—
Sample  Depth’ Porosity Ka Ko Kw Hobility vater
Number (fe_et) (2 bulk ~ to dry to oil at to water ratio saturaticn Litholo ’
volune) nitrogen residual at residual Ku Uo hefore water W,
water ~0il sature Uw Ko flood
saturation  ation (Z pore vol.)
®
63 5776 19.0 49 20 13 1.3 51,0 ‘sst; n.gr,
' sl. arg.
® o 5785 17.3 TR 42 2 1,05 46,6 sst; n.gr. to
' ' v.cogr sloarg -
65 5801 16.3 302 . 207 88. 0.85 43,2 sst; mogr. to
' CoQle '
L]
66 5803 19.9_ 4647 3074 3000 1.95 25.8 sst; nm.gr. to
’ : o VeCor :
® 67 5805 16.5 49 2 B 0.45 56,1 sst; f.or.
68 5807 8.3 505 563 199 0.M 3.8 T sst;omgr,
@ 9 5809 20.2 1749 - 1684 1506 1.79 205  sst; mor. to
C.Gre
- 10 5611 18,7 2315 2283 1940 1.70 33,7 sst; c.gr. to
; ' " v.c.gr. sl. cale
®
n 5614 18.8 264 188 70 0.7 43,5 sst; m.gr. to
. N . c?gr. g
Qe ‘ ' "
1 5816 15.4 576 920 484 1.90 50.4 sst; magr. to
V.C.gr-
13 -5818 16.9 224 15 -39 1.04 Sk 4 sst; mogr. to.:
® Cegre, sl.arg,
L 5823 16.7 23 6.7 1.6 0.42 67.2 sst; f.gr to m,
e 5 | 5828 16,4 342 294 83 . 0.56 52,1 sst; m.or. fo arg.
16 . 5829 18.8 1293 1053 482 0.83 46.1 as above
o : 45,5 -
Average 17.8 902 652 67 1.09 . 10



TABLE -2

VATER ANALYSIS - MOONIE OIL FILLD

Sample dépth (metres) ‘ 1780 (approx)
 Sodium (Na). W
Potassium (K) - o | o w
Calcium (Ca) - | | o 5
.Magnesium (Mg) | . 2
Chloride (C1) - | TR
sulphate (50,) o | g o
T — (HCOB)‘ - | | 1615 "
Fluoride (F) - B3
Nitrgte~(N03) . K | g
Tatal dissolved'solid§ ' : 1823 "
Hardness as CaCO3z ' . S o1 M
Alkalinity as CaCO3 1452 "
'Qarbbnéte (coz) : 7 "

pH | | B.T



TARLE 3

0IL RECOVERY BY WATERFLOODING - SERIES 1 SAMPLES

‘ . ... Displacing water - Moonie Field vater
% Well MOONIE « & ’ : Producing water/oil viscosity ratio «
0.47 -
0§1/uater contact - 5836

0lL RECOVERY

J
" Sample - Debth ' Water Cut
Humber (feet) - 2 pore volume - Z hydrocarbon volune _ 4 total production
® BRI, 1PV 2PV 5PV 10PV B, 1PV 2PV 5PV 10PY 1PV 2PV 5PV 10 PV
1 . 5806 20,7 31.6 350 38,7 41,7 31,0 A7.1 522 5.7 022 950 98.0 99.4 99,6
® 5607 15.6 2.4 24,5 20,3 205 2.2 334 36.5 40.7 k0 98.0 9.0 99.3  99.5
3 5608 13.2 28,2 ° 31,0 34,0 36.1 22,7 484 53,2 S84 62,0 96,8 984 99.3 95,7
® 5817- 9.6 25.0 28,7 31,8 33,8 16.6 43,3 49,7 55,1 58.6° 96.0 98,2 99.1 99,6
6 5620 149 19,0 19,5 20.2 20,7 334 42,6 437 453 464 99,0 . 99,5 09.6 100
® 7 s 11,0 186 22,0 25.6 27.h 18,8 31,7 35 437 467 048 98.0 99.3 99,6
B 5829 8.4 b4 158 16,1 16,1 25,2 43,2 476 483 483  98.6  99.2 100 100
® s 8.6 16.0 17.2 17.8 18.2 19,9 37.0 30.8 41,2 421 97.5 99,5 09.8 ~ 10C
" 10 5630 A6 111 AL 114 . ~1h5 35,0 36,0 36.0 ~  99.0. 99.6 100 -
®- 5832 121 18,9 197 20.2 204 33,9 52,0 55.2 56.6 571 98,0 99,5 99,5 99,8
Average S8 205 224 2.3 255 4.3 414 45,1 48,3 50,3 97.2  98.9 99,5 99,8
o - | | - |
Well MOONIE - 9 . _ 0i1/Mater contact - 5833!
13 5812 7.7 130 k7 15.8 15.8. 233 30.6 kA 47,7 477 99.0 99,4 99,9 100!
. _ . -
1% 5617 7.8 14,90 15.6 16.2 16.9 23,9 45,7 47.8 49,7 51.8 99,0 99,3 99,6 99,9
15 5831 7.8 10.5 11,0 11.6 12,0 25,0 33,7 35.4 37.3 386 9.0 9.4 99,6  99.9
o ' ‘

Aerage . . 7.8 128 138 k5 ALT 2.0 39.6 2.5 4.0 460 090 99.4 99.7 009 2¥



"TABLE 3 (cont)

Yell NOONIE =13 - , o . 0i1/Mater contact = 5842'
¢ :
SR 5821 - 7.7 12.5 147 21.0 23.3 165  26.9 31.6 45.2  50.1 0.0 9.7 99.3 99,0
20 5823 11.6 18.6  23.0 26.7.29.2 - 21,7 34,9 43.1 50.1 548  96.0 98,5 09.5 09.6
® . : -
2 5026 8.8 14,0 159 16,9 17.0 20,6 32,8 37.2 39.6 39,8 98.0 99.1 99,8 99,9
2 5630 15.4 218 23,3 2.2 248 334 47,3 50,5 525 53,7 . 0.6 99.0 99,8 99.9
S _ , ,
Average 10,9 16,7 19.2 22.2 23.6 23,0 35,5 40.6 4686  49.6 06,9  98.6 99.6 99,8
)
®
S
3
° ‘
®
®



" "Well - HOONIE 26

TABLE 3 (cont)

Displacing water - Moonie Field water
Producing water/oil vicsocity - 0,47
0i1/Water contact = 5§24

OtL RECOVERY

Sample Depth
@ lumber (feet)

4 pore volume

? hydrocarbon volume

Water Cut

7 total production

2 PV

B.T. 1PV 2PV SPY 0PV - BT, AP/ 2PV SRV 0PV 1PV SPY 10 PV

© 3 S 100 265 3.0 MO B 25 505 S 61 6.2 L0 S 005 600
' ST tb 25.8 285 30 T %60 KLE 5.8 SIS 606 96.0 985 9.5 9.8
® ST 1.2 15.0 10,2 0225 21 133 2.8 .6 #.7 W00 885 2 0T
21 76 0.0 2.0 2.2 28 .0 (5.0 W0 0.4 W54 5.2 00 015 9.0 9.5
® 8 580 1.1 20.0 2.6 %5 24 195 .2 B 431 48.2 965 8.5 9.2 9.6
0 SR 15 183 0.8 %0 2.9 1.6 2.3 2.2 31 432 9.5 9.8 904 99,6

e S785 1.9 305 0 3.5 A6 239 401 Sk 6.9 5.2 9.0 9.0 9.4 9.5
3. 5188 18.9 20.5 32,7 . 36.8 39.5 - 28.4 bh.d 192 S5.4 505 95.0 98.0 9.2 99,5
® » S 8.2 0.0 2.0 28 2.3 3 30 B5 h ALS 9.5 9.6 P
t 33 S 152 2.5 255 84 0.7 266 304 ga-.é 4.2 5.7 9.0 9.1 9.0 906
@3 599 9.9 145 15.3_'16.5 4 6.6 I AT AT UET- 088 902 904 99.7
B S0 M4 2.0 225 268 20.5 100 33 3.6 46.0 0.7 9.5 S0 9.8 995
® 503 RS 1.0 100 28 2.8 16.7 0.4 438 6.0 5.2 M0 85 W5 08
W sk 123 1he 154 159160 BT B0 B2 82 33 99.0 99.5 99,8 99,9

® B9 53 1 &5 RS 85 160 na 51 B2 BT %S 90k 10 100
Average M1 W T WS M 3.3 M. WLk 40.8 966 98.5 9.7

99,3

%0



JABLE 3 {cont)

] ‘ ~ Displacing water = Moonie Field water
E e ) Producing water/oil viscosity ratio - 0,47
ell - ROONIE 27 ‘ 0i1/water contact - 5640
® OfL RECOVERY
Sample Depth Z pore volume | 4 hydrocarbon volune Water cut
Number (feet) 4 total production
-
B.T. 1PV 2PV 5PV 10PY B.T. 1PV 2PV S PV 0PV 1PV 2PV 5PV 10PV
4 5772 12,8 22.% 25.0 27,2 ?28.8 25.8 43,2 50.5 54.9 56,2 97.0 98,7 99,5 99,7
*
42 5775 10,4 23.5 26,0 28.8 31,0 20.3 45,9 50,8 56.2 60.5 96.0 93.0 99,3 99,6
43 5776 1.4 25.9 29,2 33.2 35.8 20.5 46,6 52,5 59,7 644 93.5 gr.8 88,3 99.7
®
by 5781 17.10 27.0 29,5 32,2 33.9 27.9 44,0 48,1 52.5 55.3 96.0 98.3 99,2 99,7
45 5782 15.0 27.9 30,9 33.3 35,2 21.0 50,3 55,6 59.9 63.4 94,2 97.8 99,2 99,7
® v
k6 5764 13.5 24,0 26,9 28,7 30.0 28,1 50,9 57.1 60.9 63.6 96,2 96,3 59.3 99.8
&7 5767 18.1 28,0 29.6 31,9 32,9 38.6 59,7 63.5 68.0 70.1 97.0 98,6 99.5 99.8
@ ‘
48 5788 20,1 26,4 28,5 32,0 33.5 .7 51,7 45,0 50.5 52,9 g71.6 98,4 99,3 99,8
49 5789 1.9 15.4 18.5 20,7 21,4 18.6 36,2 43,5 48,7 50.3 98.0 99.0 99.4 99,7
®
50 5191 13.3 22,1 2k,8 21,9 29,5 22,9 38.1 42,7 48,1 50,8 97.0 98,0 99.3 99,7
51 5793 13,7 23.5 25.0 ?271.2 ?28.8 21.6 37.14 39,5 42,9 45,5 97.5 98,5 99,4 99,7
P
52 5795 14,9 23,0 - 27.0° 20,5 34,0 22,9 35.3 #41.5 46,8 52,2 96,0 98.0 99.0 99,6
53 5802 9,0 12,5 13.1 13.5 13.5 28,5 39.6 41,6 42,8 42,8 99,0 99.5 100 100
L 2 '
54 5806 19,6 29,5 32,2 33,9 34,9 35.1 52.8 57.6 60.6 62,4 96,5 99.0 99,4 99,8
55 5808 8.0 16.9 19.1 21,5 22,6 16.6 39.3 444 50.0 52,5 96.6 98.5 99.3 99.8
¢



TABLE 3 (cont)

P
N

Well - MOONIE 27 (cont)

@ : v ' ‘ ' :
56 5810 11.3 26,0 29.7 33.0 36,0 20.5 47,2 53,9 59,9 65,3 94,0 97,6 99,2 99,6
57 5812 9.6 16.0 18.0 21.2 231 18.3 30.5 34.3 40.4 I | 96.0 98.0 99,6 99.8
® ' - '
.58 ‘ 5613 12.1 20.8 23.1 25.5 26.9 2€.0 44,7 49,7 54,8 57.8 97.0 98.8 99,2 99,7
59 5816 11,7 18.5 20.8 22,0 22.4 - 56.0 41,1 45.5 48.1 49,0 97,8 99,5 99,7 99,9
® N ‘
' 60 . 5818 12.6 21.6 23.6 25,2 25.5 27,1 46,4 50,7 S4k.2 5.8 97,8 98.6 99,8 99,9
61 5822 1.0 134 13.5 13.6 15.0 215 36,6 37,7 38,0 &1.9 96.9 99,0 99,6 99,9
& - ) : ,
62 5830 "B.6 13.2 15.6 15,7 17.0 274 42,2 49,8 53.3 5.3 . 97,0 93.9 99,6 99,9
Average : ' “12.6 1.7 v,24.13 26,3 271.8 26.6 43,2 47.9 52.3 55,1 96.6 98.5 99,4 99.8
®
®
@ ‘
]
T .
®
)



TABLE 3 (cont)

Displacing water Boonie Field waker

Producing water/oil viscosity ratio = 0,47

-Hell « MOONIE 34 0i1/vater contract - 5842'
. OIL RECOVERY
Sample Depth. £ pore volume 4 hydrocarbbn'volumo Water Cut
Numher - (feet) 7 total production
» -
B.T. 1PV 2PV 5PV 10PY BT, 1PV 2PV 5PV 0PV 1PV 2PV 5PV 10 PV
63 5776 10,0 240 27.4 20,0 31.9 204 k4 559 61,0 051 955 98,2 99.3 99,6
®— ’ :
64 5785 10,8 23.3 26,7 30.5 32.8 20,2 43,6 50.0 57.1 6.4 95.0 97.8 99.2 99,7
65 5801 13.4 185 21,0 24,0 26,0 23,6 32.6 36.9 422 458  96.0 8.4 99,3 99,7
" .
66 5803 20,2 33.2 30,0 43,7 46,0 27,2 44,7 525 58,9 61,9 92,0 977 99,3 99,5
67 5805 14,0 18.0 19.0 20.0 20.8  31.8 1.0 43.3 455 474 98,8 99,3 99,6 99,9
. o | _
68 5607 20,9 20,7 31,5 34,0 356 33,6 47.7 50,6 547 57,2 07,0 98.0 99.0 99,7
s 5809 28,7 37.0 41,0 4k.2 47,0  40.7 525 58,1 62,7 66.7 94,0 98.2 99.1 995
70 5811 10,8 . 22,8 27.0- 31,6 36.0  16.3 3.4 40,7 47,9 54,3 - 94,0 97,2 99,0 99,5
o 5814 17.3 24,0 26,0 26.6 30,0  30.6 42,5 45,0 50.6 53.1  97.0 98,0 99,2 99,8
n 5616 6.7 12.5 15.2 191 2.2 135 252 30,6 38,5 427  96.0 98.0. 99,2 99,6
° 1 5818 1,0 176 190 20,8 21,5 2%.1 381 K7 456 471 96,0 98.8 995 99,9
T 5623 100 13,8 tha 15 146 30,7 420 430 4.2 A5 905 99,6 99,0 99,9
o ° %% 8.3 16.5 18.0 20.1- 22.0 7.3 k.4 37.6 41,9 459  98.0 98,5 99.5 99,8
76 5629 9.2 165 194 219 238 17.1 343 3A.0 40.6 Ak1 9B.0 98.6 99.4 908
@ Mveorass 136 220 .60 204 202 28 308 A5 KOhC 526 963 983 993 - 90,7 -
%



Table 4

OIL RECOVERED BY POLYMER INJECTION - SERIES 1 SAMPLES

Sample ~ Polymer injected 0il produced after
Number at 100% water cut polymer injection
(pore volumes) (% 0il in place)
6 0.54 1.8
10 0.95 B
14 0.66 6.2
15 0.75 046
22 0.59 6.2
26 0.79 6.1
27 © 0.88 (=
31 0.69 2.4
32 0.74 2.8
33 0.93 1.9 .
35 2.17 5¢T
K 0.75 1.3
37 0.63 2.3
39 0.28 B
42 0.97 6.4
43 0.59 2.1
50 - %50 561
51 0.60 1.5
58 0.48 Bl
60 1«45 5.4
67 0466 - 0.9
69 0.77 0.8
70 - 0.61 2.9
72 0.78 2.4
73' 0.78 4.3
75 0.67 1.4
Average 0.82 3.4




Table 5

BASIC PROPERTIES = SERIES 2 SAHPLES

Permeability (Md.)

I

Hell Sample Oepth F(’;r;z:;:y to dry to ofl at to water Mobility Residual Litholo
: Humber : (feet) olune) nitrogen residual A at residual ratio vater 1thotogy
' velune water 0il ki Us saturation
saturation saturation Uw Ko before water
flood
(Zr.1.)
L A 5806t 77 20.8 . 17 sample used For other tests - sec Figure 23
' B ~ 5808'0" 10.4 0.3 , no further testing =~ permeadility too low
25 C 576515" - 16.5 2.5 - no further testing - permeability too Tow
26 ‘ D 57711107 19.1 85 : 29 10 0.69 45,0 sst; m.gr. to
v.C.gre
28 £ ' 5780100 15.7 21 o KPS 2.1 1.35 15,0 sst; m.gr. to
. : c.ar. sl. arg,
26 F 5790t Q" 2.k : 439 268 66 0.49 49,0 sst; m.or. to
CaGr.
27 6 57781 4" 19.0 97 0 7.1 0.21 47,0 sst; m.gr, to
’ ‘ . ClQr.
27 H. 5781'3" 8.8 0.1 ' ‘no further testing = permeability too Tow




® o L L L J L 4 v
TABLE 5 (cont) '

21 t 5805 9" 19.5 357 Sample wused for cther tests - see Tzble 10

27 J 5800111" 16.9 175 Sample used for other tests - see Table 10

3 K - 560011 18.5 1129 1100 o3 .30 51.0 sst; mugr. to

‘ 4 ' c.qr,
3% Lot 5802110 22.6 1856 1790 Y. 0.75 49,0 *sst; magr. to
: VeCaCr,

3 M-t 5807* 0" 20,4 330 L 0.40 kh.0 sst; n.gr.
34 i 5809' 6° 1813 1811 821 0.90 40.0 sst; m.or. 1o

23.7

c.Qr.

9%



0.43

® L L L L 4 - \ 4 w
% . _ _ TABLE 6 . .
Recovery characteristics by waterflooding and polymer displacement
tioonie Field - Series 2 samples '
Perneability
to ofl at , . -
residual’ Amount Effluent Total oil Additional oil Residual i
water of water cut recovery produced 0il recovery resistance fobility
saturation polyner at polymer at 1007 by polymer at 2 PV factors ratios
Sample Depth {before polymer) injected injection water cut injection throughput Kw before pal. Ku . Us
Hell Humber (feet) (Md.,) ey, (2) 7 H.C.Y. 7 H.C.Y. AR R b Kw after nol. Uy Ko
26 0 5771*10" 29 - - 46,7 - 40,0 - 0.69
2 5.3 57711107 32 0.29 97 52.9 3.2 55,0 5.5 0.05
28 D-1 57711107 20 0.36 68 55.2 5.5 1 49.0 3.1 015
25 « £ 5780107 3.1 - - 49,6 - 45,0 - 1.35
26 1 3.1 0.47 9% 57.3 .7 - 4.2 0.32
28 -1 21 0.42 86 63.6 14,0 56.0 2.4 0.52
2% F 57991 0" 258 3 & 42,6 . 33.0 - 0.49
26 F-3 364 0.25 97 Ly 7 2] 3¢90 1.3 0,12
2 F.1 260 0.30 7. 46.9 5.3 51,0 2.2 10,16
27 5 5778140 0 - - 51.0 - £3,0 - 0.21
27 (=3 &b 0.31 a3 53.4 2.4 50.0 4,7 0.14
27 5-1 139 4 56.2 5.2 53.0 4,0 0.11




) ) - . ‘ . TABLE 6 (cont) » : -
K 580011 1100 - - 48,7 ' - 34,5
ket T 1m0 C0 o 83,0 3 56,5
-1 502107 1790 - - sms . 50,3
Lt . 1790 .33 100 . 56.9 1.1 ' -
b 5907100 6 - . - B s - 54,0
et o % . 0.3 100 50.0 2.5 -
(. W7 " 0,34 96 . B5 5.0 48,0
K . 58001 6" ©181N . - : - 55,4 e 33.0
d : 1811 S0 100 57.5 1.1 C
et 1450 f 0.38 g5 59,3 2.9 57,0
>
K .



TABLE 7

RESINDUAL RESISTANCE FACTORS (FRr) SERIES 1 SAMPLES
(Kw before polymer)
(Kw after polymer )

Sample No. Ko at resid. water sat FRr
70 | 2625 3.2
69 / 1M 2.3
31 1250 1.2
50 60 , 2.3 |
15 ' ' 663 1.1 Average = 2.1
51 489 : 1.3
21 429 2.5
60 P ' 1.4
73 | 204 | 5.1
35 . 204 2.4
75 182 . : 1.2
32 ' 114 : 1.5
7. | 98 1.5
37 88 1.8
v o 79 | 1.7
26 48 3.0
33 | " 2.8
43 38 2.8,
6 N ~ 6.4  Average = 3,5
67 31 3.7
0 31 3.8
58 | 2 2.5
36 28 2.7
2 15 5.9
39 | 15 | 3.2

14 7 6.6




Tablg 8

Conéentration of polymer in effluent by turbidity
(Series 1 samples)

' .
Polymer concentration in effluent (ppm) after initial polymer
: injection occurred
Amount of
polymer
Sample injected - % P.V. £ p.v. 1 P.V. 1% P.V. 12 P.V.
Number (P.V.) © throughput throughput throughput throughput throughput
13 0437 0 265 140 30 0
.21 0.3%0 0 140 © 120 120 0
o . :
37 0.63 0 500 175 140 0
67 0.66 0 20 210 120 0
®
Table 9
® .
- Lffect of Polymer® Injection on Permeability to Oil and Watex
Sample Perneability Permeability  Reduction in Permeahility Permeability Reduction in ofl
reference to Moonie water to Moonie water water permeae to oil before to oil after  ° permeability due
before polymer after polymer bility due to polyner (nd) polymer (md) to polymer
tnjection (md) tnjection (md)  polyner (%) (Z)
Je3 50 1 64 237 208 12
® 6 1 82 1 Y 16
Fud 29 22 2% 364 39 }
G=3 14 3 81 Iy 42 i
o .
~ Averages 63 9
¢ ‘Polymef used was 500 ppm "Pusher 700% §n Moonie water
s =

¢0



: e ™ Table 10

Manitold tests - sinultaneous flow through twe plugs
del Jenth Sermea= Residual Water Arcunt 031 recovery Peduction in Pesidual Fluid Polyzer dater cut
Yuzter [feot) Sility vater cut on of % 01l in place nermechility resist- thrcughpet oil et tes*
ts saturation polyaer . polyrer after pelymer ance : {p.v.) recovery cengletien
nitrcgen {(ZpPV.) - intro= entering (%) factor - , (% oil
{%4d) duction olug ) in place)
73 [oy {Frg)
(2} _ (P.v.) befere  after ta to v hetore at tost
" polymer polymer  water ¥l » aclymer . corpleticn el
L1 5E(arqn 175 49 n 0,07 27.3 4€.2 LS 18 1.6 623 1.85 20.¢ 3
# sgLa nn 4 100 3.83 B2 . 39.8 58 b4 2.9 4,61 32,3 L5 1390
* -set i
268 5774100 85 L 52 0.03 2¢.3 42,1 3& g 1.6 - 832 1,35 12.6 g1.0
i 3780100 439 _ 49 100 8.5 34,0 42,6 56 23 243 5.25 .67 2.6 eg, 8
- 5ot 2
27 5778V4R e7 47 : % 58§ C.C8 Y3241 50.4 20 g 1.4 .39 155 183 £e.0
. - -
278 HECTHGN 257 46 99 0.6¢ 3t.0 451 5% 2 2.8 2,715 24,8 10.7 gc,0




FIGURE 1

MOONIE OIL FIELD
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" FIGURE 2

ENHANCED RECOVERY TECHNIQUES

TYPE

METHOD | EFFECT |  APPLICATION
STEAM INJECTION HEAVY 0|L
THERMAL - INSITU LOWER Uo g
| ~ COMBUSTION | SHALLOW DEPTH
MISCIBLE | WATER & GAS B K. LOW K,LOW Uo
| ENRICHED | C, to Cg, THEN -’w‘il\sAPnF;OyETY VOLATILE OIL, LOW U,
GAS MISCIBLE| WATER & GAS VIS5 -ITY | HiGH RELIEF RESERVOIR
|HI-PRESSURE| = ~v | | VAPORIZE | yvOLATILE UNDERSATD
, ~ CYCLE ,
| | RESIDUAL
LEAN'GAS |  pRY GAS ratlie | - olL |
MISCIBLE | ~ ‘|peTRoLEuM]| SOW K, THIN FORM

.. Ko—- Permeability to oil

" Uo—Viscosity of oil .‘ '
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FIGURE 3

'ENHANCED RECOVERY TECHNIQUES

| - TYPE "METHOD | EFFECT APPLICATION
- COz. C%’;T'CNOUOLTJﬁEﬁOZ JEET;XFTY‘ HEAVIER (>25° API)
| 2, : .
MISCIBLE | \/\TER 8 GAS 6 Ko | LESS VOLATILE OILS
| HRETANT| oS TENT TR LOWER |  SUITED TO
eelLan | IEEELAR SERC INTERFACIAL| RESERVOIRS WHERE
M N WATER TENSION | WATERFLOODS SUCCEED
| N MER IMPROVE STRATIFIED &
POLYMER | . ;omﬁgg MOBILITY | HETEROGENEOUS
. RATIO RESERVOIRS
MicrRo | PRODUCE INSITU § IMPROVE | L OW TEMPERATURE,
810L0GICAL | VISCOSIFIERS HYDESSERUON LOW PERMEABILITY
8 SURFACTANTS |oecormries RESERVOIRS

~ Ko- Permeability to oil

Uo-

-Viscosity of oil
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FIGURE 5

GAS-WATER CAPILLARY PRESSURE

60

40

CAPILLARY PRESSURE (PSI)

MOONIE — 26 (15 SAMPLES)

|
196

T ' —T - T b
20 - . . 40 60 80

WATER SATURATION —PERCENT PORE VOLUME | ‘b

HEIGHT ABOVE OIL—WATER CONTACT (FEET)



FIGURE 6

GAS -WATER CAPILLARY PRESSURE
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FIGURE 7

GAS-WATER CAPILLARY PRESSURE
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' FIGURE 8

WATER FLOOD SUSCEPTIBILITY
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" FIGURE 12
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FIGURE 14
APPARATUS FOR POLYMER FLOODING OF CORE SAMPLES
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