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KO0 psia is reached, the process io reversed by lowerin

THTRODUCTION

The Mercenie field is a large oil and gas productive sandstone
reservoir which lies within Licences L3 and L4 of the Amadeus Basing Northern
Territory. Seven wells have been drilled in the field, six of which are-
potentially gas productive; two wells also proved the existence of an oil
column. One wcll, North-Vest Merecnie o, 1, is a dry hole,

The Petroleum Technology Laboratory previously carried out on East
lHereenie Ho, 1 and Ho. 4 petrophysical studies, which included capillery-
pressures, clectrlcalmre51ut1v1ty, water-flooding and relatlve-nermeabxllty
tests (McKay, 1966, 1957, 1971). This report presents additional petrophysical
data measured on cores from those two wells and also on receatly acquired core
from East lereenie Hos. 2 and llest Mereenie No. 1. These data include capillary-
pressure measurcments, gas-displaccement by water in the gas~productive zones,
water-flooding tests in samples from wells having an oil column, and electrical-
resistivity tests.

The study was carried out to help the Reservoir Engineering Subgroup
of the Petroleum Technology Section assess the hydrocarbon reserves and potential
productivity of the petroleum reservoirs in the Mereenie field (Kwrylovicz &
Ozimic, in prev.) . Specifically, thec tests determined the recovery efficiency of
gas and oil in the Pacoota sandstone should the drive mechanism in the reservoir
prove to be vater encroachment.

Petrovhysical tests

PRY

The following core samples were prepared for testings

Thirty-rine n~1nch dismeter plugs for capillary pre sure tests-
3 from East lereenie No. 1, 26 from Last Mereenie No. 2, 3 from East lercenie
No, 4, and 7 from Yest Merccnie No. 1.

Thirty-five 1% ~inch diemetleor samples for gas and oil waterflood
displacement and electrical resistivity tests - 12 from East Mereenie Ho. 1,
17 from Bast MHereenie llo. 2, and 3 cach from East Mereenie No. 4 and Vest Mereenie
Hoe 1.

The thirty-nine ¥~inch diameter plugs were diamond-drilled parallel to
bedding planes from whole core picces from the wells concerned., The plugs were
trimmed to approximately 14 inches in length, cleaned in a centrifugal ex-
tractor, and oven dried for 36 hours at 105° C. The vermeability of each plug
was then measured with respect to dry nitrogcn in a Hossler gell., On the basis
of these values, a selection of 14 ~inch diameter plugs was mede from each
well; plugs with & pern abvllty of less than 0.4 mwllldarcy viere discarded.

These plugs were drilled, trimmed, cleaned and dricd as described previously.
Upon cooling, porosity and permeability with respect to dry nitregen were measured
on e¢ach sammle,

(1) Capillary-pressure tests.

These were- perforped by the mercury injcetion methed in a Ruska {type
mercury pump following the method of Purcell (1949). Non-wetting fluid (mercury)
is injected in the pore systew of the sample at inercasing pressure steps and
the saturated mercury volume recorded ab each sten. Vhen a masinonm prﬂt?uvn of
the »regspure in steps 1o

~

ahsolute zerc to obtmnin the nercury withdrawal charsct of the
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constructed from the saturation anu pressure values at each step.
(2) Gas-displacemeni tests.

These tests were conducted by saturating 22 core plugs from the gas
zones in the three wells, East Mereenie Hog 1,2 and 4y with distilled water
then flushing cach sample pore volume to a residual water saturation value using
humidified nitrogen. The residual water saturation in each case was pre-
determined from the capillary-pressurce tests of an adjacent plug and by the
location of the free water table in the reservoir.

Gas-recovery tests were determined in & Hassler cell by flushing the
somples with fresh water. The efflucut {rom cach sample was monitored with a
soap-bubble pivette and water flushing was continued until gas vroduction
escentially ceased., Gas-recovery tests by water imbibiiion were also attempted;
however, this techriqgue vas unsatisfactory because of the generally low
perpeability and the extended time required for water-saturation stabilization in
cach of the plugs.

(3) Electrical Resistivity.

wells were dried and then saturated with 3 percent Hacl brine having a salinity
similar to that of the formation water in the Pacoota reservoir (30 000 ppr).
The samples were left undisturbed in this brine for a period of 48 hours to reach

ionic equilibrium,

For these tests, thirty five 1 1/8-inch diameter samples from the four l

Blectrical-resistivity tests were then carried out by measuring the
voltage drop across each of the samples when a 5 milliampere current was passed
through them., A formation factor was calculated for each sample from the ratio I
of the sanple resistivity to the brine resistivity. 4#An average correlation

curve of formation factor and sample porosity was derived for the four wells, l
(%) Oil-displacement tests by water floodinge

Ten samples from the oil-productive horizons in three wells (Bast l
lerecnie Ho. 1 end 2, and Vest Mereenie Ho. 1) were used for waterflood tests.

The samples were saturated with 3 percent brine and flushed in a Hassler cell to
residual water saturation using a viscous mineral oil. OSubsequently, the viscous
03l was replaced with a light refined oil (S01ltrol~C), and permeability with l
respeech to that phase was measured in each of the semples.

Vaterflood tests were conducted using a 3 percent brine as the displacirl
phase at an oil water viscosiily ratio of about 1.48 + 1. Flooding was continued

to a water "eut' preater than 99, at which point permeability to the flooding
vater wos measured, The incremental oil and woter volumes which were taken l
throughout the fleod tests were used to plot a curve of water injected in pore
volumes versus the oil recovery in percent pore volume. & water '"cut! curve

showing percent of waler flowing in the cffluent was also ploticed against the
oil recovenrye

Discussion

(1 gplllary pressurcs.

5§ : . . W & i & & D e 3 ra -
The results of these tests owe presented in Figures 1 to 603 TFigures
| . % .- P oies S 7
1 to 1 represent dota from o provious report . (ickay, 1066, 1967),
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The wide range of sample types and permeabilities sclected for these
tests is reflected in the capillary pressure results, Samples with a
permeability greater than 1 millidarcy generally show fair to good reservoir
characteristics with moderate to low threshold pressures and generally low
irreducible water saturations (15 to 30 percent of pore volume), However, beliow
1 millidarcy, the samples tested showed poor reservoir properties with low
porosities, mediunm to extremely high threshold pressures and high irreducible
water saturations.

The shape of the capillary-pressure curves, particularly vhere the
samples are permeable, is generally characterised by a uniform saturation increase
to the non-wetting phase; that is, a very low curve slope up to irreducible
saturation. This is most commonly shown in East Mereenie No. 1 and No. It and is
an indication of an cven, well sorted pore distribution.

(2) 'Gas-displacément tests.

Vater.displacement tests were carried out on samples frem the gas and
0il colurms in the Mercenie field, assuming that water from the aguiler undew-
lying the hydrocarbons in the Pacoota and Stairwey Sandstone fermations would
effectively sweep the reservoir under the influence of pressure drawdown during
production. The results for displacement of gas by water from the gas horizons
in three wells are showvn in Table 1 and 14,

Gas recoveries by dynamic water displacement for samples from the *hrce
wells tested were only fair, recoveries ranging from 24.6 percent to 35..4
percent of pore volume, an average of 49.3 percent of the gas in place. East
Mereenie No. & well showed the best results with an average recovery of 59.%
percent of gas in place, although the three available samples from this well
ghowed poor porosity and permeability, and high residual water saturations.

As stated earlier the volues for the residuazl water saturations in the
gas zone were derived from adjacent plugs for mercury-injection copillary-
pressure tests, the maximum injection pressure of which was 1400 psiae Vhen
this pressurc is converted to height above a free water table, a valuc of about
23 fect is obtained (Pirson, 1958). The thickness of the Stairway/Pacoota
Sandstones gas reservoir generally cxceeds 500 feet (in addition to the oil
column below it in some wells); it can therefore be concluded that the irreducible
water saturations in Table 1 and 14 are probably conservative, and the actual
water saturations in the gas zone of the reservoirs concerned are likely to be
sonewhat lover.

(3 Rlectrical yesistivity

The results of resistivity tests for the four wells are presented in
Table No. 2 and, as a plot of formation factor versus porosity, in Figuvre 99;
Figure 100 also shows a formation factor/porosity plot for samples exanmined in
East Mereenic Noe 4 (HcKey, 1967).

o

cr
-

The formation factor/porosity plot in Figure 99, which is a plot o
the results listed in Table 2, veveals a rather scvere scattering of points for
the four wells tested, even though @ brozd renge of sample porosities wasg
ermployed. The resultont cementation factor (1.71) is low for well conzolidated
materials such as the Stairway and Pacoota Sandstones, eand is not consistent wiih

Pircon's 1958 classification. However, the results for Bast Meresnie Hoe b

s,

(Pigure 109) show a much betber porosity/formaticon factor correlation énd a
cenmentation factor which more closely arrees with Pirson.



e

These tesis, like sinllar siudics on the gas horizons, were carried '
out assuming flooding by water from the underlying aquifer during productiocn.
The resultc are presented in Table 3 (porosity, permeability and residual water
saturation of the samples before the flood tesis) and Table 4 (recovery in terus l
of pore volumes, hydrocarbon volumes and water "cut"). The results of Table 4
are also presented grophically in Tipgures &1 to 98; Tigures 81 to 88 are taken

from McKay (1971). '

(W) Oil-displacement tests,

The waterflood results shovm in the attached data sheets and curves
reveal quite favourable oil recovery by water displacement. The average oil
recovery at water brealthrough ranged from Ll to 64 percent of oil in place for '
the four wells tested. Additionad. oil recovery subsequent to water brealthrough
was noted in all the samples; this averaged 55 percent of oil in place at 1 pore
volume water throughput (97 percent water cui) to a recovery of 62 percent of oil
in place at 5 pore volumes throughout (99 percent water cut). However, l
considering the rather poor flow capacity of the Pacoota Sandstone, it is
doubtful if a water cut greater Than 97 percent could be tolerated in the
production streamj thercifore, the recovery factor of 55 percent of oil in place '
is probably the maximum production figure which could be expected for the
Pacoota Sandstone.

During the preparation for these tests, it was noted that irreducible l
water saturations obtzined by dynamic displocement with viscous oil were often
lower than those oblained in the adjacent nercury injection capillary pressure
 pluge This is particulerly apporent in some semples (4753' to 4769') from the
0il column of Bast Merecnic Ilo. 2 where irrcducible water saturations of 8 to 11
percent of pore volume were cbtuined by flushing the brine saturated samples to
irreducible water with oil. The coryresponding copilleary-pressure plug for
these intervols showed irreducible saturations of 10 to 25 percent of pore volunes
Since the two plugs were cut immediately adjacent to each other in pgenerally
wniform material.,, the reason for the discrepancies is not clear and additional
teating to resolve this problem noy be warrantoed.
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Table 1 (contimued)

; o : ;Residual j Gas recovery by water disvlecement |
. Szaple | Porosity Permeability ! water o o
Well. ; depth ! (% bulk | to - saturation i Sy % it e Lithology
§ (feet) i volume) ; n1?;§g§n i?i‘ﬁzfiogb Residual Résidualj Gas } Residuali Gas
“he é(”JP % ) water g gas , TECOVery! gas ¢ recovery
i \2 ele ! . i y .
. ! Ll i . T - |.
East . 4159 5.9 2.4 32 28.8 | 51.9 = .19.3 ’ 72.9 | 27.1  Sat; f.gr. to
Nercenie : : ! : ‘ L.
¥o, 2 -
o 4180 8.0 44 27 19,5 47.5 33.0 59.0 41,0  Sat; m.gr
sl. slty
218 7.8 15 23 24.2 63.7 12.1 84.0 16,0  Sst; f.gr to
. Te 8T
4270 7.0 0.6 60 . 6545 1.7 22,8 4.0 66,0 . Szt f.ore slty
. ' - shly incl,
4328 - 7.3 8.8 L 30 29,2 48.5 22,3 68.3 31,7  Sst; f.gr. to m.gr.
; shly lam, pyre.
4340 9.2 1.6 12 15.8  52.7 3145 62.5 37.4  Sst; f.gr. to m.gr.
) 4369 9.4 a2 30 314 40.9 - 27.7 52.5 40,5  Sst; m.gr. 5l PYT.
4368 4.9 0.13 57 5.7 14.0 28.3  33.1 66.9  Slst; aven, shly pyr.
: Averages "T.4 11.8 33.8 34.0 41.4 24.6 - 59.2 40,8
East 4197 - 6.4 0.21 69 T1.0 Ye3 19.7 32,0 68.0 Slst; aren, sliy, lam
Yereenie : :
No. 4 4198 8.8 15 " B5 14.6 67.4 18.0 78.9 21.1 Sst; m.gr. sl. slty -
4203 4.5 0.95 60 56.0 5.3 38.7 11.3 88,7 = Slst; aren, saly. lam

Averages 6.6 5.4 48.3 47.2 27.3 25.5 40.7 59.3
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Table 2 -

Formz.tion Factors -~ liecreenie Field
I Permeability .
Well Furber | Sample  Depth Porosity to nitrogen | Formation ! Fluid ;
. Fumber : (feet ) i (% bulk volume) (1d.) 1 factor production
E. Mercenie 2 2653 12.6 2.1 41.6 Gas
No, 1 5 3824 . 13.1 .47 . 31.6 L
' 6 3830 11.4 235 26.8 "
T 3849 5.0 1.2 - 170.9 ol
8 3853 7.9 18 _ 93.6 "
9 4126 8.5 8.1 5.1 - .
10 4136 12.1 15 60.3 "
1 4138 8.8 2.5 - 36.3 ol
12 4275 . 9.2 13 60.6 =
14 4494 2.9 6.2 53.8 "
15 4525 8.2 3.1 - 67.8 "
- 18 4690 9.7 1.4 48.6 0il
E. Kereenie 1 4159 549 2.4 151 Gas
No. 2 2 4168 2.5 ' 59 #
3 4180 8.0 44 70 oon
4 4189 7.8 15 109 ' e
T 42170 7.0 0.6 53 g
11 4328 Te3 8.9 92 -
13 4340 9.2 1.6 110 o
16 4369 9.4 22 ' 67 "
18 4388 4.9 . 0.13 118 o
21 4446 6.9 0.30 80 , 0il
24 4474 2.7 0.63 151 =
28 4494 5.0 0.14 - 149 "
33 4653 5.4 . 2.1 132 . on
36 4153 11.1 .82 37 "o
37 4755 1.2 43 41 "
38 4759 11.0 75 - 46 =
32 4769 9.9 71 43 i
W. lerecnio 2 4575 8.5 0.31 94 0il
. Fo. 1 4 4596 3.8 0.37 156 -
5 ‘4644 8.0 14 68 M
E. Mereenie 1 4197 6.4 0.21 70 Gas
No. 4 - 4198 8.8 15 16 "
3 4203 4.5 0.95 52 b

o )




l Well - East Mereenie No. 1

Q.

TABLE 3.

Residual

! : \ Permes*ility (millidaxrcys)
'Sample i Depth | Porosity .. vwater sat- Lithology
¢ i 7 < i ati
numbex (feet) i \(,/oolbu}'lj to dry to 0il at to watex %f;;;:n
' i 3 —— nitrogen residual at resid- Lo o0 o4
! | 'ﬂ vater sat'n uel.oil (%4 pore
: ! (before flood)i saturat- coijur'a)
g { ; ‘ion after -
. ! ; : flood)
' 18 4690 9.7 1.4 0.45 0.1 33,0 Sst; Mmego.
: to c.er.
T 7el) - East Mercenie No. 2
21 4446 6.9 0.3 0.11 0.4 35.0 Sst; LT
. : slty. -
33 4653 5.4 2.1 1.0 0.25 35.0 Sst; m.gr.
36 4753 11.1 82 80 8.6 11.0 Sat; f.gr.
. Yo m.gr.
37 4755 112 43 42 2.1 11.2 Sst; f.ox.
'58 4759 11.0 75 74 6.0 11.3 hg_above
59 4769 9.9 1 57 4.5 8.5 Sst; f.gr.
' to m.gr.
|Wel]_ -~ Vegst lMereenie No. 1
2 4575 8.1 0.31 0.14 - 0.1 26,2 Sst; f.er.
4 4596 5.8 0.37 0.15 { 0.1 510 Sst; megT.
l ‘ to comr.
5 4644 8.0 1e4 0.62 < 0.1 515 Sst; m. gr. to
l - : Ve CofTe slty.
I\~!el.1 - East Mercenie Ho. 4
- 4631 8.4 31 30 1.8 16.0
l - = 4633 8.5 13 9.5 1.8 15.2
SN 4710 10.4 34 31 7.1 1945
g
' o 4711 10.0 26 21 5.8 1145
G o
a : 4712 10.1 16 16 5.6 13.2
l'a g 4T3 1.3 55 53 13.6 15.3
& M 4752 9.7 6.3 4.0 0.42 20.0
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FIGURE 99

FORMATION FACTOR Vs POROSITY
WELL NAME AND NUMBER-MEREENE FIELD
DEPTH INTERVAL-PACOOTA FORMATION
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