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SUMNARY 

The Noonie oilfield of south central Queensland was discovered 

in 1961, and" is now nearing depletion after producing over 35 percent 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 

enhanced recovery is the edge water drive from the northwest to the 

southeast of the 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 were conducted at 

various "later cuts to simulate different stages of depletion and water 

throughput in the reservoir. Studies were also conducted to evaluate 

the effect of permeability variation on !tpolymer oil" recovery (manifold 

tests) and the effect on recovery of polymer dilution by edge water 

influx. 

The tests showed that polymers can produce a significant amount 

of additional oil at depletion, ranging from 0.8 to 7.7 percent of oil 

in place,and particularly when some mobile oil 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 .oil displacement in the tighter material; !tdiluted" 

polymer still produced some additional oil. 

Residual resistance tests involving the measurement of flow 

to "later before and after polymer injection showed marked reductions in 

water permeability, particularly in samples with low flow capacity; 

however, reductions in flow capacity to oil at low water cuts after 

polymer injection were minimal. 

. " iff:, " . 
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1 Introduction 

Application of Enhanced Recovery to the Moonie Oil Field, (~eensland 

The Bureau of Mineral Resourges, as part of on{;oing studies to 

encourage exploration and development 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 

exam.i.ned one of our oldest oil fields - the Hoonie reservoir in Queensland. 

'l'he work was conducted in conjtmction with the Queensland TUnes Department 

and International Oils Ltd uho are operators in the field. 

Oil recovery from subterranean reservoirs by natu:cal depletion 

is a rather inefficient process Hhich Generally leaves much more oil 

trapped in the reservoir than is recovered. }'or ins tance, recovery 

efficiency by natural water drive may vary from a maximum of 80 percent 

of oil in place in a few reservoirs, to as .1011 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 from 10 percent to 30 percent of oil in place (1). 

Under a \'later displacement mechanism oil entrapment usually 

occurs as a result of tHO controlling factors 

(1) Areal sweep efficiency 

(2) Displacement efficiency. 

SHeep efficiency is governed by the uniformity of a formation 

(lenses, channels, fractures etc usually contribute to poor sweep 

efficiency) and also by the fluid mobility (~) Hhich is the permeability 

of oil or water in a reservoir divided by its viscosity. High mobility . 

ra tios (KH/U,-" • UO/Ko> 10) indicate poor SHeep efficiency in a reservoir. 

Displacement efficiency is dependent on the microscopic pore 

displacement where capillarity and surface/interfacial tensions control 

produc tion rather than dynamic forces as in macro si zed pores. 

Reservoirs shm,ing a very even pore size distribution usually show good 

d:isp]ac ement efficiency under water drive due to the even flood front 

movement, ,.,rhereas the reverse is true for an uneven pore system. Host 
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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 tm"ard this residual oil that improved recovery techniques 

are generally directed. Studies are currently being conducted in many 

areas of the Horld (including Australia) to attempt to win more of these 

unrecovered hydrocarbons by enhanced recovery techniques. 

2. The Noonie Oil Field 

Noonie is a typical example of an oil reservoir in Australia 

which may have application for enhanced recovery. The field is located 

in the south-central part of Queensland (Figure 1); it was initially 

discovered in 1961 by a consortium headed by Union Oil,of California. 

During early field exploration, oil was discovered in t'i,o zones in the 

field, at about 1720 metres (500 API &,';avi ty oil) and 1780 metres - (44° API). 

The IOvler zone later proved to be the principle producing horizon, vIi th 

only t,'IO wells producing from the upper sand. 

The lower producing sand has an average permeability of 300 

millidarcies, 18 percent porosity and an original \vater saturation of 

about 47 percent. The original in place reserves of the field "rere about 

54 million bax-rels, with the main production mechanism being edge water 

drive moving from north\'lest to southeast • 

3. Production History at Moonie 

The IvIoonie field peaked in oil production in 1966 when 9000 

barrels per day Here produced. This declined rapidly and production 

is now about 900 barrels per day with water production exceeding 90 percent 

of the producing stream. The original oil-water contact was relatively 

flat across the field but is currently tilted towards the southeast where 

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

• + 
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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-wes.tern part 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 }1oonie 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 very valuable residual 

oil be recovered? For instance, if an enhanced technique could be 

devised to recover an additional 5 to 10 percent of the oil in place 

at Moonie, this could enable a further 2.7 to 5.4 million barrels of oil 

production, representing a saving in foreign exchange of 37 to 74 million 

dollars at world parity pricing. 

In order to evaluate possible enhanced recovery a.pplications, 

it is first important to determine the controlling factors on Moonie 

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

production has ,been 9ue ~o movement of, rluiqs along the bedding pl~nes 

from west to east under edge water drive, with little effect from 

vertical flow perpendicular to bedding. There is some probability that 

"channelingll of water through the more permeable zones and stratified 

layers has occurred, with bypassing of oil in unflushed zones. This is 

suggested in the wide variations in permeability in adjacent samples, 

although the current recovery (42 percent of oil in place) in the south 

western part of the field suggests reasonably uniform displacement. 

vlith uniform displacement, one could consider that residual oil would be 

trapped in the micro sy£tem ratber than in extensive "pockets" due to 
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widespread poor sweep efficiency., not consid.erin~ any radicolchanges 

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 may 

require some form of a proven pretreatment (e.g. clay stabilization) 

before any enhanced recovery mechanisms can be considered. Certainly, 

the very high residual oil saturation· for this area suggests an additional 

oil recovery target well worth considering, and which may entail a 

separate study by our laboratory. 

Therefore, considering all factors, a number of enhanced 

recovery processes were examined for Moonie (Figures 2 and 3) and for 

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

are of no avail because of the high 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 vertical movement of fluids in the Moonie 

. reservoir. 

There are however some favourable advantages for chemical 

flooding (surfactant-micellar, polymer injection) in the Noonie reservoir. 

These advantages include a clean formation, fresh water, .good porosity 

and permeability and a favourable residual oil saturation trapped at 

depletion. The major unknown is of course the .edge water drive and its 

limiting factors on the desired concentration of injected chemicals. 

For this reason the highly capital intensive surfactant/micellar technique 

was deleted from further study. This decision was further influenced 

by Mungan (3) .who says liThe surfactant/micellar process is most complica~ed, 

and expensive, and chances of recovering additional oil economically 

are small at this time" • 

• I ' 
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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 permeability 

pore channels, causing more water to flow through 

and displace oil from the higher residual oil zones. 

(2) Significantly lower relative permeability to water 

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 paralleling the western boundary of the Moonie field. Oil 

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 - Preparation and Testing 

A prerequisite to any field pilot study of enhanced recovery 

is a series of laboratory tests using field cores and fluids. These 

.. were carried out on cores from six\-lells in the southVlest of the Moonie 

field, comprising wells 4,9, ·13,26,27 and 34. Initially 'oil recovery 

at natural depletion was evaluated in each of the samples by basic water-

flood tests followed by polymer displacement in the same samples at 

various stages of oil depletion (Series 1 samples). Because of problems 

with wettability in these samples, additional tests over some of these 

same intervals were conducted on duplicate and triplicate adjacent plugs 

(Series 2 samples). 
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(a) Pre para tion 

In preparation for laboratory work, t,~o core samples ,.,rere 

drilled from each piece of core parallel to the bedding planes. These 

comprised a 1-ilipoinch diameter plug for displacement recovery tests and 

a i-inch diameter plug for capillary pressure/residual water saturation 

tests. All plugs were trimmed to approximately 1i inches in leneth, 

then cleaned with toluene and dried at 105°C for 24 hours. This resulted 

in 69 plugs from 6 wells. Routine measurement 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 

sa tura ted \-ri th Hoonie· field water, the analysis of ",hich is shown in 

Table 2. Air-water capillary pressure tests \-/ere then "initially conducted 

on the i inch diameter plugs by the centrifugal technique; from these, 

residual water saturations vs. capillary pressure CUI'ves \-lere determined 

on each sample for the full oil column of the Jvloonie structure. The 

curves were averaged on the basis of sample permeability and also plotted 

as a function of heieht above the oil water contact in each well. These 

results are shown ~nFigures 4 to 7 and in Table 1. Because of· the 

dearth of samples from \1ells 9 and 13 (3 in each) only .the individual 

sample results for each plug in these \-lells are shown in Table 1. 

(c) vIa terflooding (Series 1 samples) 

In preparation for \-later displacement oil recovery tests, the 

. adjacent it inch diameter plugs \.,rere flushed with refined oil to establish 

irreducible water saturations corresponding with their adjacent capillar;y 

pressure plug. Subsequently, permeability to oil at irreducible \Vater 

saturation Has measured, follO\vcd hy a V/aterflooc1 to 100 percent watercut, 

using a water-oil viscosity ratio compa:t.'c:hle to r/loo·nie reservoir conditions (0.4'1) 

~ 
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'I~1C results of these teRts a1'e ohovlri in 'l'<1.bles 1 and 3 rmd in Figures 

8 to 13 (average recovery curves for each Vlell). 

(d) Polymerflooding (Series 1 saml)les) 

FOl' polymerflooding, the plugs \'Jere extracted, dried and 

resaturated with I"ater and oil to the same conditions existing prior 

to waterflooding. rI~lis was done in order to directly compare the basic 

flood tests with the polymerflood tests. \Ia terfloods \'Jere then conducted 

to approximately 93 percent vratercut in some of the samples (simulating 

the current depletion state of the Hoonie reservoir) and to 100 percent 

Hater cut in the balance. FollOl"ing this, approximately 0.3 to 0.7 pore 

volume slugs of 500 ppm polymer solution (0.057'~ polymer by Height in 

distilled water) Has injected into the samples, followed by water flooding 

to 100 percent Hater cut. The polymer used Ha.S a parti3;lly hydrolyzed 

polyacrylamide designated "Pusher 700 11 and marketed by DOH Chemical 

Company in U. S.A. Other polymers "Jere considered, such as the polysaccharides 

and additional brands of polyacrylamides; hOliever, the pusher series 

,,,as chosen as a test standard because of its wide use by industry, 

particularly in the U.S.A. 

A diagram of the apparatus used for the flood tests is shoHn 

1n Figure 14. The all glass and plastic system used for the fluid 

reservoirs and lines/end plugs Has adopted to avoid any chemical degradation 

of the polymer during flow tests. r-Tercury ,,,as used as the pressure medium 

as it showed minimal detrimental effects on the polymer viscosity over 

a one week test pel'iod. Precautions against degTadation of the polYmer 

by light "jere also taken by storage of fresh mixed polymers in amber 

bottles and the use of opaque gla.ss reservoirs plus frequent replacement 

of the polymer in the flow system. 

A Il~,:(;:ceen facto:c" apparatus usc:d to evaluettc the viscosity 

charac teri::; tics of the polymel's is also shown in Figure 14. The use of 
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this apparatus simulates the flovl 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 initial 

polymer flood tests, problems \,ere encountered vii th the wetting properties 

of the samples, such that duplicatibnof oil recovery characteristics 

in duplicate standard water flood tests (on the same sarnple)couid not 

be achieved. The cause of these wetting changes ",hich invariably and 

substantially reduced oil recovery in the second flood tests is unclear. 

Possible causes of this reduction in recovery may be clue to wetting, 

changes from the clays in the samples or possibly as a result of the oils 

or solvents used during preparation and testing. As a result of these 

problems, "polymer oil" is shmm only for those samples "'hich \-Jere 

waterflooded to 100 percent watercuts (and subsequently pol~nerflooded); 

these results are shovffi in Table 4. 

Because of the detrimental effect on evaluation of true 

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

extrasample sets of 1~' inch diameter core plugs \-Jere drilled from ' 

additional Moonie core material, adjacent to some of the series 1 plugs • 

These samples \-Jere cleaned and dried, then saturated with oil and residual 

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

determine "basic!! oil recovery by water flooding to 100 percent water , 

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

recovery in adjacent plugs waterflooded to less than 100 percent water 

cut a:nd followed by polymer displacement. The results of all the above' 

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

to 



6. Discussion of Results 

(a) Oil 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-

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

stream and 50.5 percent at 99.8 percent water cut. This compares 

reasonably well with the current recovery in the southern portion of 

the field (42 percent of oil in place at 94 percent water cut). 

Nobili ty ratios (:r.1R) of all the floods average 0.94 indicating 

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

efficiency of 72 percent in a reservoir if Jl1R = 1). However, it is 

interesting to note that the more permeable samples. generally show the 

highest mobility ratios in our tests, suggesting that some of the reduction 

in water mobility at primary depletion is probably due to minor particle 

movement/pore plugging in the tltighter core material". This characteristic 

may be less prevelantin the reservoir where dynamic conditions will have 

a reduced effect on flow in the individual smaller capillaries. 

(b) Oil Recovery by Polymerflooding (Series 1) 

The initial polymerflood tests were carried out after samples 

were waterflooded in 6(, a), then cleaned, resa tura ted and again wa terflooded 

followed by polymerflooding. As noted previously, the second waterfloods 

were adversely affected by changes in sample wettability, with rather poor 

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

erences in recovery between the two basic runs averaged about 5 percent 

of oil in place). 

Accordingly, polymer flooding could only be conducted after 

100 percent water cuts had been established in the second "basetl waterfloods. 

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

( ( 
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with an average injection of 0.82 pore volumes of 500 ppm polymer. No 

meaningful polymer displacement characteristics could be evaluated at 

. water cuts simulatin~ 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 

rock before and after polymer injection; the ratio of the two . displacing 

fluid permeabilities(i.e., before and after pol~ner) is the residual 

resistance (Kw) This in turn indicates the "blockinb<1' action ll of the K\vp • 

polymer to following fluids in the reservoir thus indicating how diversion 

to and displacement in the lower permeability rock may occur. This is of 

vital importance because the greatest amount of residual oil is generally 

located in the lower permeability pore system. 

These factors have been calculated for the polymer displacement 

in 6 ·(b) and are listed in Table 7. The samples have been t abulated 

according to their permeability to oil at residual 'later saturation and 

. are listed in two groups - one gTOUp of 12 samples gTeater than 100 md and 

one group of 14 samples less than 100 md. For the high permeability samples, 

the residual resistance averaged 2.1 and for the low permeability group · 

it averaged 3.5. The greater reduction of displacing quid mobility in 

the "tighter" core material is a measure of the increased effectiveness 

. of polymer film retention on the individual (smaller) pore spaces. However, 

this effectvlOuld be less prevelant in the reservoir vlhere the main polymer 

flow would preferentially be through the more permeable channels (see 

manifold test results later in report) • . 



• 

• 

• 

• 

e 

• 

e· 

e 

e 

e 

11. 

(d) PolymeT Ad sorption and DegTana tion 

During displacement tests Hith polymer, an attempt \'Ias made 

to evaluate the effect of mechanical degradation of the polymer .due to 

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

attempts \veI'e also made to measure the nmount of polymer . adsorption which 

occurred 1n the pore system. Both these factors are of significance in 

polymer displacement and control to a large extent the effectiveness of 

polymers \vi thj.n the formation in establishing and controlling 10Her water 

mobili ty. 

Evaluation of these tHO factors in core s amples i s often conducted 

by determining the concentration of the polymer in the core effluent 

fluids using a turbidity meter and a capillary viscometer. However, the 

displacement volumes of polymer utilized in these tests were spec1fically 

tailored to determine · addi tional oil recovery hy polymer nisplacel~ent; 

these volumes were generally insufficient to avoid dilution by water 

in front of· and behind the polymer slug, thus interfering with quantitative 

interpretation of the results.· Although some of the measured values of 

effluent polymer concentration are shm·m i.n Table 8, these rasul ts are 

inconclusive. Further work will be required in thj.s field to specifically 

evaluate the effect of the t·100nie pore system on polymers, using much 

greater volume s of polymer fluids. 

It is doubtful however if mechan1ca.l or chemi"Cal degradation 

was a significant detrimental ·factor in these tests. 'J'his is based on 

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

use of noncontaminating glass/plas tic receptacles for displacing fluids 

upstream of the core. samples. 

(e) Additional Polymer Tests (SeI'ies 2) 

As noted, the "'Jetting problems e:~perienced \'lith the ini Hal 

set of (;0:(, 0 llluC,'s , nccc[:Jf:itatcd fu:c-thc:r tc :; tin[;, uti]j ~~inc a 11m-I tTOUp 

':.;-, 
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• of samples. 'l'hese Here obtained from the Noonie :ceservoir from some 

of the same zones as p::ceviously studied. Two and three plug "sets" 

were selected from each interval to obviate any wetting problems • . The 

• basic properties of these samples are shown in Table 5. 

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

samples Here drilled, extracted, dried and subjected to routine porosity .. ~ 

and permeability tests as previously. Each of the samples \'Jas then 

saturated with Moonie field ,,,a tel.' and irreducible Hater saturations Here 

established by oil flushing as in 5( c) followed by measurement of perm-

• eability to oil. 

Flooding tests were carried out on eight sets of adjacent plugs 

as follows. One plug from each set of eight s8.mples \Vas vTaterflooded to 

• 100 percent water cut then four of the eiGht were subjected to polymer 

flooding (followed by ,,,,aterflooding) using aboutj· of a pore volume slug 

of 500 ppm polynler. }J1 adjacent plug from six of the sets was water-

• flooded to about 94 percent Hater cut, then polymer and v,aterflooded as 

described above. ~.'he balance of 4 plugs remaining from the sets ,.,rere 

waterflooded to about 74 percent Hater cut (still containing mobile oil), 

• then polymer and waterflooded to 100 percent Hater cut. The results of 

all these tests are showP.in Table 6 and Figures 15 to 22 in which the 

polymer floods are directly compared ' to the basic water displacement tests • . , 
The six basic waterflood tests showed average" oil recoveries 

of 49.1 percent .of oil in place at 100 percent ",ater cut, comparing 

• favourably ",ith the basic tests described inVI(a). Four of "the samples 

showed an additional 3.1 percent recovery by polymer flooding after basic 

flood tests at 100 percent Hater cut. 

• The six adjacent plugs polymer flooded after 94 percent water 

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

flood tests, while the three plug's polynler flooded after 70 percent via ter 

• cut sho"'ed an average oil recovery 7.1 · percent grea ter than the basic 
('I 
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• waterflood tests at 100 percent water cut. Two of the plugs from 

the latter tHO groups of tests showed exceptionally high recoveries 

(14 percent of oil in place) after polymerflooding. 

• In nearly every case, the mobility ratios after polymer 

flooding (Table 6) are substantially lower than after the basic waterflood 

displacement tests (Le. before polymer injection); this indicates 

• significantly improved SHeep efficiency. However, in some cases, the 

values appear inordinately 16w, possibly due to some permeability reduction 

due to particle dislodgement and plum~ingrather 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 permeabili ty samples and high ]j'Rr· for low. permeabili ty. 

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

. more permeable section of the reservoir. 

• It is interesting to note in these tests, the amount of oil 

recovered at a given displacing fluid throughout. Significantly, the 

samples having the most mobile oil alway? show the greatest recovery at 

• 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). 

e· This observation is in agreement with most of" the literature 

on enhanced recovery which indicates that the amount of mobile oil present 

has a significant effect on recovery at any given displacement. The 

• importance of a continuous oil phase remaining for as long as possible 

during displacement is obvious from these results. 

• (r) Effecti ve permeability to oil and water 

A further interesting effect fr'om polymer injection was observed 

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

-.• /"-, . 
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• of both oil (Ko) and water (Kw) permeability before and after polymer 

injection as shown in the following sequential flow diagram. 

1 2 3 4 

• Establish Ko 
) 

\oJater Kw ) Polymer Kw 
) 

Flush with 
residual wat!,)r flooding flooding oil to low 

Ko 

saturation by water-oil 
oil flushing ratios 

• The final Ko was measured at very low water oil ratios (VlOR = 0.02) and 

would symbolically represent the establishment ofa new "bank" of displaced 

oil moving through the reservoir subsequent to and as a result of polymer 

• injection. Actual reservoir conditions however would be characterized 

by somewhat higher water oil ratios. 

The significant feature of these tests is that injected polymer, 

• because of its affinity for water, markedly reduces the effective Kw, 

binding water by adsorption as a film to the reservoir pore walls. This 

apparently is not a reduction due to mechanical blockage since the effect 

• on subsequent oil permeability is minimal (Iuv reduction is 63%, Ko is 9%). 

This indicates another way in which polymers may promote oil production 

at the expense of water, and help to sustain continuity in the displaced 

• oil bank. 

(g) Effect of Polymer Dilution by Water 

The prospect of some polymer dilution in the Moonie reservoir 

e· 
is probable through the active west-east trending edge water drive presently 

inexistance. The quantity of dilution which might occur would be difficult 

to ascertain without field pilot studies; possibly pqlymer injection adjacent 

• , 

to the edge water influx on the western margin of the field may substantially 

restrict influx (and dilution). 

In order to test the possible effects of dilution three adjacent samples 

• were subjected to simultaneous injection of 500 ppm polymer and Moonie 

field water in equal amounts (0.3 pore volumes). This was initiated at 
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100 percent water cut in one sample and 95 and 91 percent water cut in 

the hio adjacent samples. The three samples respectively showed recoveries 

of 32.8, 34.3 and 35.3 percent of oil in place (F'igure 23). · 

Although additional confirmation of these tests through more 

extensive sampling and testing would be useful, the indications are that 

some dilution of the polymer can be tolerated \Vithout very substantial 

reductions in oil recovery. 

(h) r·1anifold tests 

• In tests conducted so far in this study , the effects of polymer 

• 

• 

• 

•• 

• 

• 

flovr have only been determined in single pl ugs, repr esenting a tmi t of 

reservoir "lith limited range in permeability. Hm"ever, Noonie, as previously 

indicated is rather heterogeneous in nature with the reservoir being formed 

of a number of zones of Hidely varying permeabili ty. -The natural tendency 

in the reservoir is for edge water to preferentially flow throuGh the most 

permeG.bIe layers, bypassing to some extent the 10vrer permeability zones. 

These individual zones are probably not l a terally extensive 

in the reservoir, but the point remains that a considerable amount of oil 

is undoubtedly- trapped in this fashion in -this tighter ma terial. Polymer 

solutions ,,,ould be expected to reduce this preferentia l flow to some extent 

wi th reduction -in flow -in the high permeability zones, and redire-ction to 

the II tighter" high residua.l oil zones. The fonovring manifold flovl tests 

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

Three sets of samples were chosen for testi.ng . Each "set" consisted 

of two plugs having a range of permeability "Thich might comprise intermediate 

and high permeability reservoir characteristics. For ~x8.mple one two plug 

"set" shovled permeability values of 104 and 825 md. Initially the (dry) 

samples ,-/ere saturated vTith T-1oonie field 'dater, then each was- flushed to 

residual wa ter s o..tura tion "lith oil and Ko VIaS mea sured. 

(~ 
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16. 

Subsequently, using a two Hassler-cell manifold, both plugs 

were simultaneously waterflooded using a common input until the permeable 

sample showed about 100 percent water cut; at this point the "tighter" 

sample in each manifold test showed water cuts of between 50 percent 

to 70 percent~ 

Polymer injection (500 ppm) was then commenced using an 

approximate input of 0.35 pore volumes in each reservoir "set"; this 

was followed by additional waterflooding. 

Results of the tests, comprising water cuts, residual resistance 

factors, additional polymer oil recovery etc are shown in Table 10. 

The most significant feature of this data is the additional oil recovery 

subsequent to polymer injection; the low permeability side of each manifold 

set showed increased Itpolymer" oil recovery ranging from 12.8 percent 

to 20.9 percent of oil in place after polymer injection. It is interesting 

to note that this 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 displacing 

. 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 and in their higher residual resistance factors 

obtained. .-~ -. 

Certaill aspects of these tests, notably the total recovery 

picture of the more permeable samples in each set appear lower than 

average, and it is felt that additional tests on this aspect using a 

broader range of samples need to be st~ied. Nevertheless, the tests do 

confirm that polymers are well suited to improved oil reQovery in such 

stratified and heterogeneous type material, and could be expected to 

significantly improve oil recovery in certain of the tighter, poorly 

s ... rept zones of the ~1oonie field, if severe dilution by the edge water 

drive is not a problBm. 
(y 

.. . ., 
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• 7. Conclusions 

The injection of a 500 ppm polyacrylamide polymer into core 

plugs from the Hoonie Reservoir having medium to high water cuts, has 

• shown recovery of significant amounts of "polymer oil". Using polymer 

injection 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 hCl-ve been a result 

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

test suite or slightly 10\ver water . cuts. 

• }\iost of the samples showed marked reductions in water perme-

abili ty and mobility ratios after polymer injection. J1anifold tests 

involving simul taneous polymer flow through two samples sho\ved a shift 

• in flow from the high to low permeability plugs with significant irnprove-

ment in oil recovery in the "tighter" material. 

. Although the tests showed that 0.05 percent and lower strength 

• polymer produce significant amounts of "polymer oil", they fail to 

definitely establish whether polymer injected into the 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 if linear fluid 

movement in the reservoir is definitely established. 

• 
P.G. DUFF 

• 

• 
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• TABLE 1 . 
BASIC PROPERTIES. SERIES 1 SAMPLES 

Well - MCONIE No.4 o/wcontact - 5836 

• 
Permeability (millidarcys) Resi dual 

Samp 1 e Depth Porosjty Ka Ko Kw Mobi 11 ty water 
Number (feet) (% bulk to dry to 011 at to water ratio saturati on lithology 

• volume) nitrogen res I dual . at r~sidual Kw Uo before water - .. - " water oil satur- Uw Ko flood 
saturati on atlon (% pore vol.) 

5806 20.1 . . 1235 1189 .. 619 1.05 33.0 sst; f.gr. to 

• m.gr; sl arg 

2 5807 17 .3 578 648 '.16 1.28 42.5 sst; m.gr. to 
! . .: 

v. c.gr. 

• 3 5808 19.1 228 160 57 0.71 41.8 sst; m.gr. 

5 5817 20.0 140 97 36 1.26 42.3 sst; f.gr .• to :.' 
m.gr • 

• ..,. 

6 5820 19.3 87 32 7.7 0.48 55.4 sst; f.gr., 
argo 

• 7 5824 20~0 1136 967 672 1.39 41.4 sst; m.gr. to ' 
c.gr. 

8 5627 16.1 16 4.0 1.6 0.80 66.7 sst; f.gr. to 
c.gr. , . 

• 
" 

9 5829 19.2 428 221 66 0.59 56.8 sst; m.gr. to 
v.c.gr. 

. ., 

.' 10 5830 16.5 97 24 7.9 0.66 68.3 .sst; m.gr. to 
c •. gr. 

11 5832 19.1 738 398 54 0.27 64.3 sst; m.gr. to 
v.c.gr. 

• 
Average 17.6 478 374 194 0.85 51. 2 

• 

• 



• 
TABLE 1 (cont) . 

_ Wall. r.wONIE No.9 o/w contact • 5833 

• 13 5812 16.0 22 3.9 2.3 1.17 66.9 sst; f.gr. to 
v.c.gr. 

14 5817 14.9 16 5.1 2.4 0.94 67.4 sst; f.gr. to 

• m.gr. 

15 5A31 17.7 R81 722 248 0.68 68.9 sst;m.gr.to 
v.c.gr •• argo 

• 
Average 16.2 306 244 84 0.93 67.7 

• Well - HOONIE No. 13 oh contact. 5842 

19 5821 19.4 91 28 1I~ 1.00 53.5 sst; m.gr. to . 
c.gr., argo 

• 
20 5823 17.2 341. 281 124 0.88 46.7 as above 

21 5826 17 .5 347 136 63 0.92 57.3 as above 

• 
22 5830 16.7 70 22 8.6 0.78 53.9 sst; m.gr. to 

c.gr. 

• Average 17.7 212 116 56 . 0.89 52.8 

.' 
• 

• 

e. 



38 5819 18.8 154 50 16 0.64 66.9 sst; m.gr. sl. argo 

• 
AVera'18 17. 9 2Wl 



• r AOL E 1 (cant) 

lIel1 .. ~()(1NI( No. 27 a/II cant act 5840 

,. 
Permeability (millidareys) Residual 

Sample Depth Poros Ity Ka Ko KII ~lobi 1 Hy \later 

• Ilumher (feet) (~ bulk 
to dry to 011 at to lIater rat! 0 saturation 

l\ tholol)Y 
volumo) 

"' trogen rest ,iuJ 1 at rcsldun1 KII Uo before -.-linter oi 1 satur- 1111 Ko lIater flood 
saturation atian (:! pore vot.) 

• 41 5712 15.8 35 15 6.9 0.92 50.5 sst; m.gr. 

. 42 5715 14.4 39 20 9.4 0~94 40.8 sst; m.gr. to 
v.e.gr., sf. earb 

« • 43 5718 18.3 103 69 29 0.84 44.4 sst; m.gr. to 
e.gr. 

44 5781 17.9 1412 1248 919 1.47 38.7 sst; e.gr. to 

• v.e.gr. 

45 5782 lB.3 9fi 58 25 0.89 44.5 sst; e.gr. 

• 46 571J11 15.6 14 6,3 3.3 1.04 57..9 sst; m.gr. to . 
c.gr. 

47 5787 15.0. . 10 4.4 2.0 0.90 53,1 sst; f.gr. to 

• m.gr. 

48 5788 20.1 1/189 1291 773 1.19 36.7 sst; c.gr •. to 
v.c.gr. 

• 49 57.89 13.4 11 4.1 2.3 1.09 57.6 sst; m.gr to v. 
gr. s 1. arg and ... 
carbo 

50 5791 17 .1 329 251 119 0.95 42.0 sst; m.gr. to 
e· c.gr. s1. arg 

51 5793 . 19.7 . 704 . 624 226 0.72 36.1 sst; c.gr. 

• 52 5795 18.9 1339 136R 1279 1.86 34.9 sst; c.g,r. to . 
v.c. gr. 

53 5802 12.4 3.5 1.3 0.16 * 68.5 sst; f.gr. stty 

• 
54 5806 lfl.7 499 1126 153 0.72 44.1 sst; m.gr. 

55 5808 13.5 32 26 9.0 0.69 57.0 sst; c.gr. to 

• v. e. <r. ~ct: 



• .... 

• • 

• 

• 
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~ ,/ •• r ABl E 1 (cont) 
Well ' ~ ~OONIE No. 34 o/~ contaet ,5842 

• ' Permeability (ml111 dareys) residual 
Samp 1 e Depth ' Porosity Ka Ko Kw Mobility water 
Number (feet) (% bulk to dry to oi 1 at to water ratio saturation lithology 

volume) n\trogen residual at resi dua 1 KH Uo before wat~r _.-
water oi 1 satllr. Uw Ko flood 
saturat i on at i on (% pore vo 1. ) 

• 
63 5176 19.0 49 20 13 1.3 51.0 sst; m.gr. 

s1. argo 

• 64 5785 17.3 96 42 22 1.05 46.5 sst; m.gr. to 
v.e.gr sl~arg , ' 

65 5801 16.3 302 207 86 0.85 43.2 sst; m.gr. to 
e.gr. 

• 
66 5803 19.9 4647 3074 3000 1.95 25.8 sst; m.gr. to 

v. e.gr 

• 67 5805 16.5 49 23 5.2 0.45 56.1 sst; f.CJr. 

, 68 5607 18.3 , 595 563 199 0.71 37.8 sst; m.gr. 

• 69 5809 20.2 171;9 16fllf 1506 1.79, 29.5 sst; m.gr. to 
c.gr. 

, 70 5811 18.7 2375 2283 191.0 1.70 33.7 sst; c.gr • .to 

• v.e.gr. s1. calc 

71 5814 18.8 254 188 70 0.74 43.5 sst; m.gr. to 
e.gr • . : 

72 5816 15.4 576 520 494 1.90 50.4 sst; m.gr. to 
v.e.gr. 

73 5818 16.9 224 75 ,39 1.04 54.4 sst; 'm.gr. to. ~ 

• e.gr., s 1. argo 

74 5823 16.7 23 6.7 1.6 0.42 67.2 sst; f.gr to m. 

• 75 5828 16.4 342 294 83 0.56 52.1 5S,t; . m.gr. fo argo 

76 , 5829 18.8 1293 1053 482 0.83 46.1 as above 

• Average 17 .8 902 652 557 1.09 45.5 . ~ 



• 

• 

• 

• 

• 

• 

• 

• 

e· 

• 

• 

• 

TABLE 2 

HATER ANALYSIS - MOONIE OIL FIELD 

Sample depth (metres) 

Sodium (Na) 

Potassium (K) 

Cal ci urn (Ca) 

Hagnesium (Ng) 

Chloric1e (Cl) 

Sulphate (S0t1) 
T 

Bicarbonate (HC03) 

Fluoride (F) 

Nitrate (N03) 

Total dissolved solids 

Hardness as CaC03 

Alkalinity as CaC03 

Carbonate (C03) 

pH 

1780 (approx) 

730 ppm 

24 II 

5 " 

2 " 

174 " 

6 11 

1615 " 

3.3 " 

8 " 

1823 II 

21 " 

1452 " 

77 " 

8.7 



• 

• Well MOONIE - ~ 

• 
Sample Depth 
/lumber (.feet) 

• 
1 5806 

• 2 5807 

3 5808 

• 5 5817 

6 5820 

• 7 5824 

8 5829 

• 9 5829 

10 5830 

• • 11 5832 

Average 

• We 11 ~100N IE. 9 

13 5812 

• 14- 5811 

15 5831 

• hver al)c 

TARLE 3 

OIL RECOVERY BY WATERFLOODING - SERIES 1 SAMPLES 

% pore vol urne 

B. T • 1 PIJ 2 PV 5 PV 10 PV B. T. 

20.7 31.6 35.0 38.7 41.1 31.0 . 

15.6 22.4 · 24.5 27.3 29.5 27.2 

13.2 28.2 . 31.0 34.0 36.1 2?.7 

9.6 25.0 28.7 31.8 33.8 16.6 

H.9 19.0 19.5 20.2 20.7 33.4-

11.0 18.6 22.0 25.6 21.1, 18.8 

8.4 H.4 15.8 16.1 16.1 25.2 

8.6 16.0 17 .2 17.8 18.2 19.9 

',.6 11.1 11.4 11.4 1'r.5 

12.1 18.9 19.7 20.2 20.~ 33.9 

11.8 20.5 22.4 24.3 25.5 24.3 

7.7 13.1 H.7 15.8 15.8 . 23.3 

7.8 14.9 15.6 16.2 16.9 23.9 

1.8 10.5 11.0 11. G 12.0 25.0 

7.8 17..8 13.8 14.5 4/ •• 7 2/1.0 

Oil RECOVERY 

.. DIsplacIng water - Moonle FIeld water 
ProducIng lIater/oil vIscosity raHo -
0.47 
On/ll3ter c~ntact .5R3fi' 

lIater Cut 
% hydrocarbon volu~u ~ total productIon 

1 PV 2 PV 5 PV 10 PV 1 PV 2 PV 5 PV 10 PV 

~ 1.1 52.2 51.1 62.2 . 95.0 98.0 99.4 99.6 

33.4 36.5 40.7 41,.0 98.0 .99.0 99.3 99.5 

48.4 53.2 58.1, 67..0 96.B 98.4 99.3 9G.7 

. 434 3 49.7 55.1 58.6 96.0 98.2 99.1 99.6 

42.6 1.3.7 1.5.3 46.4 99.0 .' 99.5 99.6 100 

31.7 37.5 43.7 46.7 94.8 98.0 99.3 99.6 

43.2 47J 1,8.3 1.8.3 !l8.6 99.2 100 100 

37.0 39.8 41.2 1.2.1 97.5 99.5 99.8 100 

35.0 36.0 35.0 99.0 . 99.6 100 

52.9 55.2 56.6 57.1 98.0 99.5 99.5 99.8 

41.4 45.1 48.3 50.3 91.2 9B.9 99.5 99.8 

Oil/Hater contact - 5833' 

39.6 44.4 47.7 47.7 99.0 99.4 99.9 100 : 

45.7 47.8 ~9.7 51.8 99,0 9a.3 99.6 99.9 

33 .. 7 35.4 37.3 38.6 99.0 99.4- 99.6 99.9 

39.6 42.5 44.9 46.0 99.0 99.4- 99.7 99.9 ~ 



• 

• 

• 
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.. 
T ARL E 3 (con t) 

Displacing water - Mounie Field water 
Producing water/oil vicsocity w 0.41 

Well - MOONIE 26 Oil/Water contact - 5824' 

• 
OIL RECOVERY 

Samp 1 e Depth % pore vol Ulrle % hydrocarbon volume Water Cut 

• Number ( feet) t total production 

B.T. 1 PV 2 PV 5 PV 10 PV 8. T • 1 PV 2 PV 5 PV 10 PV 1 PV 2 PV 5 pV 10 PV 

• 24 5768 13.9 28.6 31.0 34.0 35.8 24.5 50,5 54.8 60.1 63.2 91.0 98.5 99.5 99.8 

25 5771 14.4 25.8 28.5 31.0 32.7 26.7 10.8 52.8 51.5 60.6 96.0 98.5 99.5 99.8 

• 26 5773 7.2 15.0 19.2 · 22.5 24.1 13.3 ?7.8 35.6 41.1 It4.7 91),0 98.5 99.2 99.7 

27 5776 9.7 21.0 21f.2 28.1 31.7· 15.7 34.0 39.1 45.4 51.2 94.0 97.5 99.0 99.5 

• 28 5780 11. 1 20.0 21.8 ·. 24.5 27.4 19.5 35.2 38.4 43.1 48.2 96.5 98.5 99.2 99.6 

29 5762 7.5 18.3 20.8 24.0 27.9 11.6 28.3 32.2 37.1 43.2 97.5 98.8· 99.4 99.6 

• 30 ~785 14.9 30.5 34.0 38.5 40,6 23.9 . 49.1 54.7 61.9 65.2 95.0 98.0 99.4 99.6 

31 . .. 5788 18,9 29.5 32.7 · 36.8 39,5 28.4 44.4 lf9.2 55.4 59.5 95.0 98.0 99.2 99,5 

• 32 5790 8.2 20.0 22.0 24.8 27,3 14 .. 3 35.0 39.5 43. lf 47.8 96.5 98.6 99.1 99.6 

., 33 5792 15.2 22.5 25.5 28.1 30.1 26.6 39.4 4/!.6 49.2 53.7 96.0 98.1 99.0 99.6 

e· 34 5199 9.9 14.5 15.3 16.5 17.4 26.6 38.9 41.1 44.3 46.7 • 98,8 99.2 99.4 99.7 

35 5801 11.1 20.0 ?2 .5 26.8 29.5 19.1 31f.3 38.6 46.0 50.7 96.5 98.0 98.8 99.5 

e 36 5803 8.5 17.9 19.9 21,8 n,8 18.7 39.4 43.8 48.0 50.2 97.0 98.5 99.5 99.8 

31 5804 12.3 14.6 15~ 1 · 15.9 16.0 28.7 34.0 35.2 53.2 37.3 99.0 99.5 99.8 99.9 

• 38 5819 5.3 7.1 8.5 8.5 8.5 16.0 21.4 25.1 25. 7 25.1 98.6 99.4 100 100 

Average 11. ? 20.3 72.7 2GA 27.4 20.9 31.3 41.6 H.4 49.8 96.6 98.5 99.3 99.7 

• ~O 



lIe11 • ~'OONIE 27 

• 
Sample Depth % pore volume 
Number (feet) 

• 8. T. 1 PV 2 PV 5 PV 10 PV 

41 5772 12.8 7.2.4- 25.0 27.2 28.8 

• 42 5775 10.4 23.5 26.0 28.8 31.0 

43 5778 11.4 25.9 29.2 33.2 35.8 

• 44 5781 17.10 7.7.0 29.5 32.2 33.9 

45 5782 15.0 27.9 30.9 33.3 35.2 
.. • 46 5784 13.5 24.0 26.9 28.7 30.0 

47 5787 18.1 28.0 29.8 31.9 32.9 

• 48 5788 20.1 26.4 28.5 32.0 33.5 

49 5789 7.9 15.4 18.5 20.7 21.4 

• 50 57!ll 13.3 22.1 24.8 27.9 29.5 

51 5793 13.7 23.5 25.0 27.2 28.8 

.a 
52 5795 14.9 23.0 27.0 30.5 34.0 

53 5802 9.0 12.5 13.1 13.5 13.5 

• 
54 5806 19.6 29.5 32.2 33.9 34.9 

55 5808 8.0 16.9 19.1 21.5 22.6 

• 

• 

il\iJLl: j lC.llnlJ 

OIL !{[COVERY 

DIsplacing wutcr • Moonle Field water 
Producing water/oil viscosity ratio - 0.47 
OIl/water contact - 5840' 

% hydrocarbon volume Water cut 
% total production 

B.T. 1 PV 2 PV 5 PV 10 PV 1 PV 2 PV 5 PV 10 PV 

25.8 43.2 50.5 54.9 58.2 97.0 90.7 99.5 99.7 

20.3 45.9 50.8 56.2 60.5 96.0 98.0 99.3 99.6 

20.5 46.6 52.5 59.7 64.4 93.5 97.8 99.3 99.7 

27.9 4If.0 48.1 5f.5 55.3 96.0 9a.3 99.2 99.7 

27.0 50.3 55.6 59,9 63.1~ 91 •• 2 97.8 99.2 99.7 

28.7 50,9 57.1 GO.9 63.6 96.2 98.3 g9.3 99.8 

38,5 59.7 63.5 68.0 70.1 97.0 98.6 99.5 99.8 

31.7 41.7 45.0 50.5 52.9 97.6 98.4- 99.3 99.8 

18.6 36.2 43.5 48.7 50.3 98.0 99.0 99.4 99.7 

22.9 38.1 42.7 48.1 50.8 97.0 98.0 99.3 99.7 

21.6 37.1 39.5 42.9 45.5 97.5 98.5 99.4 99.7 

22.9 35.3 41.5 lt 6.8 52.2 96.0 98.0 99.0 99.6 

28.5 39.6 41.6 42.8 42.8 99.0 99.5 100 100 

35.1 52.8 57.6 60.6 62.4 96.5 99.0 99.4 99.8 

18.6 39~ 3 44.4 50.0 52.5 95.6 98.5 99.3 99.8 



p/ 
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TABLE 3 (cont) 

We 11 - 1'100111 E 27 (cont) 

• 56 5810 11.3 26.0 29.7 33.0 36.0 20.5 If7.2 5].9 59.9 65.3 . 9/f.0 97.6 99.2 99.6 

57 5812 9.6 16.0 18.0 21.2 23.1 13.3 30.5 34.3 40.1t It/f.l 96.0 98.0 99.6 99.8 

• 58 5813 12.1 20.8 23.1 25.5 26.9 26.0 H.7 49.7 51 •• 8 57.8 97.0 98.8 99.2 99.7 

59 5816 . 11.7 18.8 20.8 22.0 22.4 56.0 1t1.1 45.5 48.1 49.0 . 97.8 99.5 99.7 99.9 

• 60 5818 12.6 21.6 23.6 25.2 25.5 27.1 · 46.4 50.7 54.2 54.8 ·· 97.8 98.6 99.8 99.9 

61 5822 7.7 13.1 13.5 13.6 15.0 21.5 36.6 37.7 38.0 1,1.9 98.9 99.0 99.6 99.9 

• 62 5830 8.6 13.2 15.6 15.7 17.0 27 .1. 42.2 49.8 53.3 54.3 97.0 99.9 99.6 99.9 

AVcraqe 12.6 21.7 .. 24.1 . 25.3 27.8 26.6 43.2 47.9 52.3 55.1 96.6 98.5 99.4 99.8 

• 

• . , 
. , .. 

•• 

• 

• 

• 



• TABLE 3 (cont) 
Displacing water - ~loonle field wa'ter 
Producihg water/oil viscosIty ratr~ '- 0.47 

. Well - "\Goru E 34 OIl/water contract - 5R42' 

• Oil RECOVERY 

S amp 1 e Depth % pore volur.le % hydrocarbon vo lumo Water Cut 
!Iumner ( feet) 1. tot a 1 product Ion 

• 
B. T. 1 PV 2 PV 5 PV 10 P'I B.T. 1 PV 2 PV 5 PV 10 PV 1 P'I 2 PV 5 PV 10 PV 

63 5776 10.0 24.0 27.4 29.9 31.9 20.4 4-4.4 55.9 61.0 G5. 1 95.5 9a.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 6104 95.0 97.8 99.2 99.7 

, 

65 -5801 13.4 111.5 , 21.0 24.0 26.0 23.6 32.6 36.9 42.2 45.B 96.0 98.4 99.3 99.7 

• 
66 5803 20.2 33.2 39.0 43.7 46.0 , 27.2 44.7 52.5 58.9 61.9 ' 92.0 97.7 99.3 99.5 

67 5805 14.0 18.0 19.0 20.0 20.8 31.8 41.0 43.3 45.5 47.4 98.8 99.3 99.6 99.9 

• 
68 5807 20.9 29.7 31.5 ' 34.0 35.6 33.6 47.7 50.6 54.7 57.7. 97.0 90.0 99.0 99.7 

• 69 5809 28.7 37.0 41.0 44.2 47.0 40.7 52.5 58.1 62.7 66.7 94.0 98.2 99.1 99.5 

70 5811 10.8 ' 22.0 27.0 31.8 36.0 16.3 ,3/f.4 40.7 47.9 54.3 911.0 97.2 99.0 99.5 

• 71 5014 17.3 24.0 26.0 28.6 30.0 30.6 42.5 46.0 50.6 53.1 97.0 98.0 99.2 99.8 

12 5816 6.7 17..5 15.2 19.1 21.2 13.5 25.2 30.6 38.5 If2.7 96.0 98.0 , 99.2 99.6 , 

e· 
73 5818 11.0 17.4 19.0 20.B 21.5 24.1 38.1 41.7 45.u 47.1 98.0 98.0 99~5 99.9 

74 5823 10.1 13.8 14.1 14.5 14.6 30.7 42.1 43.0 44.2 44.5 99.5 99.6 99.9 99.9 

• 75 , 5828 8.3 16~5 18.0 20.1 . 22.0 17~3 34.4 37.6 41.9 ft5.9 98.0 . 98.5 99.5 99.8 

76 5829 9.2 16.5 19.4 21.9 23.8 17 .1 34.3 30.0 40.6 114.1 98.0 98.6 99.ft 99.8 

• Average 13.6 22.1 24.6 ' 27.4 29.2 24.8 39.8 44.5 49.4 ' 57..6 96~3 98.3 99.3 - 99.7 -

• 



Table 4 

• OIL RECOVERRD BY POLYl'1ER INJECTION - S.ERIES 1 SAHPLES 

Sample Polymer injected Oil produced after 
Number at 100';'0 , ... a tercu t polymer injection 

• (pore volumes) (% oil in place) 

6 0.54 1.8 
10 0.95 3.1 

• 14 0.66 6.2 

15 0.75 0.6 
22 0.59 6.2 

26 0.79 6.1 

• . 27 0.88 7.4 

31 0.69 2.4 

32 0.74 2.8 

33 0.93 1.9 . 

• .35 2.17 5.7 

'. 36 0.75 1.3 

37 0.63 2.3 

39 0.28 2.1 

• 42 0.97 6.4 

43 0.59 2.1 

50 1.50 5.1 

51 0.60 1.5 
e · 58 0.48 5.8 

60 1.45 5.4 

67 0.66 0.9 
. . 

69 0.77 0.8 
e· 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 SMiPLES 

Permeability (Md.) 

l'Ie11 S amp 1 e Depth 
Poroslty 

to dry to oil at to water tlobll ity Resi dual 
Number (feet) 

(% bulk 
nl trogen res! dual at residual rati 0 ,later 

l Hho1ogy 
volume) 

\later oil KI-i • Uo saturation 
saturati on saturati on Ow Ko before water 

fl Dod 
(1, P.V.) 

1;. A 5806'711 20.8 1177 Samp 1 e used for other tests - seo Figure 23 

4 B 5808'011 10.4 0.3 no further testing .. permeab 11 ity too low 

25 C 576815" 16.5 2.5 no further testi ng - permeability too 10\1 

26 D 5771'10" 19.1 86 29 10 0.69 46.0 sst; m.gr. to 
v.e.gr. 

26 E 5780'0" 15.7 21 3 .. 1 2.1 1.35 45.0 sst; r,.gr. to 
c.\Jr. 51. argo 

25 F 5790'O!l 21.4 439 268 65 0.49 49.0 sst; ii:.gr. to 
e.gr. 

27 G 5778'4' 19.0 97 70 7.1 0.21 47.0 sst; m.gr. to 
c.gr. 

~7 H· 5781'3" 8.8 0.1 no further testing .. permeability too 10\1 

...i) 

~ 



• • • • • • • • • • • .. 
TA8LE 5 (cont) 

27 5805'9" 19.5 357 S amp 1 (l used for ether tests - see Table 10 

27 J 5809'11" 16. 9 175 S amp 1 e usee for other tests - see Table 10 

34- K 5800'11" 18.5 1129 1100 713 1.30 . 51.0 sst; 1"1.gr. to 
c.gr • 

34 l-I 5802' 10" 22.6 1856 1790 ·558 0.75 40.0 . sst;· tn.gr. to 
v. c.gr. 

34 ~1-1 5807'0" 20.4 330 168 34 0.40 44.0 sst; rn.gr. 

34 N 5809' 6' 23.7 1813 1811 821 0.90 40.0 sst; lIl.gr.to 
c.gr. 



• • • • • • • • • - -
• TABLE 6 

Recover y characteristics by \·: aterflooding a"d polymer displacement 
Noonie Field - Series 2 samples . 

Perr:l eabl H ty 
to oHat 
resl dual Ar:lOunt Effluent Total oil Additional oil ResIdual 

water of w:der cut recovery produced Oil recovery res i sbnce l':obll ity 
saturati on polytler at palymer at 10~ by polymer ' at 2 PV factors rati os 

Sam;> 1 e Depth (before polymer) injected injection 'Jater cut injection t hrouc:;nput Kw before P'J1. K\I • 1J0 
(feet) (r·'d. ) ?v • (~) X H. C.V. % H.C.V. % H .C.-V. - -Well . Number K \I after po 1. U'" Ko 

26 D 5771'10" 29 49.7 40.0 0.69 

25 ~-3 5771'1011 32 0.29 97 52.9 3.2 45.0 5.5 0.05 

26 D-l 5771'10m 20 0. 36 68 55.2 5.5 49.0 3.1 0.15 

25 . E 5780'0" 3.1 49.6 45.0 1.35 

25 E 3.1 0.47 99 57.3 7.7 4.2 0.32 

')~ 
Lv £-1 2.7 0.42 86 63.6 14.0 58.0 2.4 0.52 

? ~ _u F 57901011 258 42.5 33.0 0.49 

26 F-3 364 0.25 97 44.7 2.1 38.0 1.3 ' 0.12 

25 F -1 280 0.30 72 45.9 1t.3 l~ 1.0 2.3 . 0.16 

27 " 5778 1 4" 70 51.0 43 .0 0.21 'J 

27 G-3 44 0.31 93 53.4 2.4 50.0 4.7 0.14 

27 G-1 39 0.43 71 56.2 5.2 53.0 It 0 .v 0.11 



• • • • . • • • TABLE 5 (cont) • • • • • • 

34 K 5800'11" 1100 48.7 34.5 '1.30 

34 K-1 1180 0.41 94- 63.0 14.3 56.5 1.8 0.69 

34 L-l 5802'10D 1790 55.8 50.3 0.75 

34 L-l 1790 0.33 100 55.g 1.1 1./t 0.54 

34 1'~-1 5807'0· 168 47.5 4!f.0 0.40 

34 l·i-1 168 0.35 100 50.0 2.5 4.0 0.10 

34 ~l 347 0.34 96 52.5 5.0 48.0 1.7 0.25 

34 Ii 5809'5R 1811 55.4 33.0 0.90 

34 tv 1811 0.33 100 57.5 1.1 1.2 0.72 . 

34 N-1 1450 0.38 95 59.3 2.9 57.0 1.3 0.90 

, ",. , .. , ..... -. ---



Sample No. 

70 

69 

31 

50 

15 

51 

27 

60 

73 

35 

75 

32 

72 

37 

42 

26 

33 

43 

6 

67 

10 

58 

36 

22 

39 

14 

T AHL£ 7 

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

Ko at resld. water sat 

2625 

1711 

1250 

760 

663 

489 

429 

274 

224 

224 

182 

114 

98 

88 

79 

lfB 

44 

38 

31 

31 

31 

29 

28 

15 

15 

7 

FRr 

3.2 

2.3 

1.2 

2 .. 3 

1.1 Average .. 2.1 

1.3 

2.5 

1.4 

5. 1 

2.4 

1.2 

1.5 

1.5 

1.8 

1.7 

3.0 

2.B 

2.8 . 

6.4 Average .. 3.5 

3.7 

3.8 

2.5 

2.7 

5.9 

3.2 

6.6 



• 

• 

• 

• 

• 

• 

• 

• 

Amount of 
polymer 

Sample injected 
Number (r.v.) 

13 0.37 

21 0.30 

37 0.63 

67 0.66 

Table 8 

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

I:'olymcr concentrtl tion in effluent (ppm) aftei' ini hal polymer 
injection occurred 

-} P.V. 2 
-:5 P.V. 1 P.V. 1-§- P.V. 1-3 P.v. 

throughput throughput throuGhput throughput throughput 

0 265 140 30 0 

0 140 120 120 0 

0 500 175 140 0 

0 20 210 120 0 

·Polymer used was 500 ppm npushe.r 700' In Moonle water 



Jell 

I,'" 

l' _ se~ 1 

~ - se: 2 

27---

27~ 

-* - s"~ 3 

--Q ---

e;:>th 
fG2t) 

53C5'7" 

S7S0'0" 

577fll;.l! 

:--E:r;',ea-

r.itrcqen 
(~;dl 

175 

i 177 

85 

439 

357 

Res t dual 
\later 
s,tura:i on 
(1 P_v.) 

49 

41 

46 

49 

47 

46 

.-""~, --.- . ~ ... . ~.:...-,. 

\.later 
cut 0:1 

rolyner 
Idro­
aucti en 

(%) 

100 

52 

100 

99 

. (-
~~.- ---" -...• ~ j~ .. 

Table 10 

ManIfold tests - simultaneous flew through twe rlu~s 

Arcunt 

of 
pc 1 y",er 
ente~in9 

;ilug 
(?v.) 

0.07 

0.83 

0.03 

0.G2 

C.08 

0.69 

Oi 1 recovery 
~ oil h place 

bef c:re dter 
polyrr,er 

, . 
flO I ,'mer 

27.3 

39.8 

29.3 42.1 

34.0 

32.1 50.4 

44.7 

per-;-:catil ily 
?oft e:" PG 1 :n:er 

JO 

38 

56 

29 

(%) 

1" ,~ 

4 

23 

R(:si dual 
reClst-" 
2:iCe 
7c:tcr 
I}" '.i ) 

(~' IIP } 

1.S 

1.6 

2.3 

1 ' . • -t 

2.2 

. _______ e ____ ----1 

Flul d 
t hr (,:.lghpIJt 

(p.v.l 

G.'23 

4 • .61 

2.33 

5.25 

::.39 

S.75 

?t h:st 
co::,~.l et i en 

:~2.3 

1.35 

9.67 

; .85 

2.';.8 

Poly::;er 
oil 
recovery 
(% :)i 1 
in ;11 ace) 

20.9 

4.5 

12.8 

9.6 

1E.3 

10.7 

~13~e"" cut 
at ~es: 

cc:::~le:icn 

130 

97.0 

99.6 
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FIGURE 1 

MOONIE OIL FIELD 
SURAT BASIN, QUEENSLAND 

~5000 
~--STRUCTURE MAP 

TOP OF PERMEABLE 58 - 0 SAND 

o , 
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CONTOUR INTERVAL 20 FEET 
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s. P. RESISTIVITY 

1 EverQreen Fm. 

~_----:~Top 58-0 sd. 
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FIGURE 2 . 

. ENHANCED RECOVERY TECHNIQUES 

TYPE . M·ETHOD EFFECT 
-

STEAM INJECTION 

THERMAL · INSITU LOWER Uo 
COMBUSTION· 

APPLICATION 

HEAVY OIL, 
SHALLOW DEPTH 

LPG 
MISCIBLE 

PROPANE, THEN IMPROVE THIN SHALLOW FORM 
WA·T.ER 0. GAS MISCIBILITY 

U\ LOW K,LOW Uo S Ko 

IMPROVE 

• 

ENRICHED C1 to C6 , THEN VOLATILE OIL, L.OW Uo 
GAS MISCIBLE WATt.R a GAS MISCIBILITY HIGH RELIEF RESERVOIR 

a Ko 

H I-PRESSURE 
LEAN·GAS 

MISCIBLE 

I . 

. CYCLE 
DRY GAS 

'. Ko - P~rmeabi\ity to oil 

VAPORIZE 
RESIDUAL 
LIQUID 

PETROLEUM 

VOLATILE UNDERSAT'D . 
, 

OIL 
LOWK, THIN FORM 

_~o-Viscosity ot oil 

• 
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FtGURE 3 

. ENHANCED RECOVERY TECHNIQUES 

. . TYPE· 

C02 
MISCIBLE 

"METHOD 

CONTINUOUS C02 
OR C02,THEN 

WATER B GAS 

EFFECT APPLICATION 

IMPROVE 
H EA VI ER (> 25° API) 

·MISCIBILITY LESS VOLATILE OILS 
a Ko 

SURFACTANT OR LOWER SUITED TO 
SURFACTANT MICELLAR SLUG INTERFACIAL RESERVOIRS WHERE 

MICELLAR THEN POLYMER TENSION WATERFLOODS SUCCEED 

POLYMER 

8 WATER 

POLYMER 
. a WATER 

IMPROVE 
MOBILITY 

RATIO 

PRODUCE INSiTU. IMPROVE 
MICRO HYDROCARBON 

BIOLOGICALVISCOSIFIERS FLUID 
8 SURFACTANTS PROPERTIES 

STRATIFIED a 
HETEROGENEOUS 

RESERVOIRS 

LOW TFMPERATURE, 
LOW PERMEABILITY. 

RESERVOIRS 

Ko - Permeability to oU Uo-Viscosity of oil 

• J~ • I • 

. ' . • 
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FIGURE I. 

GAS-WATER CAPI:LLARY PRESSURE· 
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FIGURE 5 

GAS,-WATER CAPI LLARY PRESSURE 
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FIGURE 6 

GAS-WATER CAPlLLARYPRESSURE 

MOONIE - 27 (22 SAMPLES) 
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FIGURE 8 

Y' . . 

• WATER FLOOD SUSCEPTIBlLITY 

• DEPTH IN TEF<VAL - 5806 to 5832 . 

POROSITY -18.6% P[F~MEAOfLiTY (KJ) -1,78 Mel. 
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OIL I~[COVEIN --I ,[J~ CENT HYOPOCAA80N VOLUME 

• 



r • 
rIGLJI~E 9 

' . 
. 

• WATER FLOOD SUSCEP-TIBILITY ' 

\VEI_L NA~1E AND NUMf:JEF< - MOONIE No.9 

• DE.PTH INTERVAL - 5812 to 5831 . . 

• POROSITY-16 .2 % r:\E:r~M[AOrLiTY (Ka)- 306 Md 
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FIGURE 'to 
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FIGURE 11 
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• 
, 

WATER FLOOD SUSCEF~'TIBll_ITY 

WEL_L N/\~v1[ I\~~[) NUMEJEF< -MOONIE No.26 

• DEF>TH INTERVAL - 5768 to 5819 

i . 

POROSITY -17.9 0/0 PlJ~MEAO{UlY-(Ka) - ~33 Mel 

• 

• 

• 

• 

• ..... 

• o 10 20 SO 60 'iD 80 90 100-

OIL 1 ~ 1. ·. C ()VUt{ - ·1 'U~ CENT HYOF<OCAPQON VOLU~~E 
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FIGURE 1'2 f· 

.... " 

• :~WAT'ER FLOOD SUSCEPTIBlLITY 

WELJ_ NA~1E AND NUMDER-MOONIE No 27 

• DE.PTH INTEr~VAL - 5772 to 5830 

i . 

POROSITY -16.6°/0 PEf<I'AEAOrUTY -(Ka) -378 Md 

• 

OIL HCCOVI::IN -1'Eli CENT HYOROCAPgON VOLUME 

• 
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FIGURE 13 
, ! "-

'\" . . 

• 'WATER FLOOD SUSCEPTrBlLITV 

~VEL.I._ NA~'1E AND NU ~I1E:H:F~- MOONIE NO.34 . 

• . DE.prHINTEr~VAL- 5776 to 5829 

• POROSITY -17.8 0/0 PtJ~MEI\E)rLlTY-4Ka)-902 Md . 

OIL I<[COV[IN --f'!:::Ii CEI'IT HYDROCAR80N \oLUME 
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• )If. . 
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FIGURE: 14 

APPARATUS FOR POLYMER FLOODING OF CORE SAMPLES 

Hg. RESERVOIR 
(PRESSURE SOURCE) 
~ 

OPAQUE GLASS 
RESERVOIRS\ ' 

\ \ 

POLYMER 
L ~ 

8RINE: 

HASSLER­
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. OIL RECOVERY 
VESSEL. 

il 
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