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BARROW ISLAND NO. 1

LIQUID PERMEABILITY AND WEI'TABILITY TESTS ON SAMPLES

OF CORES FROM THE JURASSIC RESERVOIR SANDSTONES

This report presents thé results of : liquid permeability
and wettability determinations performed on some core samples from the
Barrow Island No. 1 well in the Camarvon Basin, Westem Aistralia. The
work was carried out in the Petroleum Technology Alabora'fory of the Bureau.
Procedure and Apparatuss | |

. Eleven samples, 1} inches in diameter were drilled-out
horizontglly from several pemeé,ble sections of cores taken from the Jurassio
0il sandstone in this (Barrow Island No. 1) well. After extraction and
drying of ihe plugs, porosity end pemeability deteminations were made on
them. Equivalent liquid pemeability (Klinkenberé*) was then measured on_.
the plugs in a flexihle rubben-slieeved Hassler cell.

Separate permeabllity tests using de-érea_.ted kerosene,

16% NaCl brine and fresh water respectively were then carried out on the
plugs. Each of the flow tests was precedcd by a thorough extraction and
drying of the samples; additionally, dry weight and dry air permeability
of each plug was checked between tests. Although minor grain losses were
detected, no significant chahge in dry air pemea.biiity was found to have -
ocourred between tests.

Finally,'beowse of the. pature of the permeability results -

obtained, imbibition tests were conducted on four of the samples, in order.

* The equivalent liquid permesbility is found by the following proceaui-é -

The pémeabi],itjr of a sample is measured at several d_iffere:it
mean pressures {upstream plus downstream preéeure divided by two) using a
gas (generally air) as the flowing medium. Each value of permeability is
then plotted as a function of the'reeipfooal of the xﬁean pressure, whersupon
the straight line drawn through the plotted points is extrapolated to infinite’
pressure (or zero reéip;'ocal mean pressure). The intersection of this line
vith the “zero" ordinate of reciprocal mean'pressure. gives the value of |

liquid pemmeability to a non-reactive liquid in that sample.

ceef2




2.

to detenpine their preferential fluid'wettability, .This.wae accomplished
. by immersing sahples eatureted'Witﬁ freeh water-in oil, and the adjacent.

4samp1ee, saturated with oii - in freeh'eater. The relative wettability was
determdned by notdng’fhe tyee and volume of quuid dieplaced'froﬁ the core

sample by the immersion fluid. -

.Discussion of Results.

. . The‘resdlts of teete'ere shown in Tables I and II, and
in Figures 1, 2, 3 and 4; Teble‘I'eummarizesithe sample cermeabiltty values
. obtained with reseect'to verioueifluids used. Each of these va;ues bhas
" also been expreeeed as a percentage of {he correspcnding equivalent 11qpid
permesbility (Table I and Figures 1, 2, and 3). Teble 11 represente results
cf the imbibition‘teets ccnducted on four of the“eamplee over a period of
six.daye} ~The position of eemples is shown ie Figure 4.

Permeablllties determined on each of the eamplea with
respect to kerosene, 10%'br1ne and fresh water were all characterized hy
values con31derebly lcwer than those of the correspondipg‘equiValent liquid
permeabilities. This was particularly noticeable in flow tests with fresh
water; the average permeability to thie phase wes-fouhd to be chl& 59$ of
the eqniialenﬁ liquid permeebility. Additiohally, difficulty in cbtadniﬂg |
stabilized flow rates during tests with this fluid was experienced. Since
permeability value in respect of the 10% NaCl crine averaged a higher 1%
of the eguivalent liquid permeebility, the preeence and movement cf-eome

swelling clays and other mlneral fines which could cause damage to the formaticn
upon fluehing with fresh water is etrongly indicated in the samples.

Unexpectedly, permeability to 10% brine in each of the
-zamples equalled or exceeded the permeability to kerosene. Rapidly etabilized
flow retee in separate tests with these two fluids precluded likelihood ofl
this permeability difference being caused by the movedent of mineral fines.
Igbhibition tests were, therefcre, conducted on four.of the samples to determine
the nature cf the weftability present and to consider its possible effect

on the flow capacity. '
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As susPected; all the samples tested showed strong
affinity for water. After only 24 hours, water was imbibed into tﬁe oil-saturated
samples to the extent of 30% to 40% of the pore volume. The volume of oil
ultimately displaced By water after 6 days had essentially stabilized at a
maximm of 36% to 47% of pore volumé. The tests of adjacént water-saturated
samples for imbibition of o0il was, naturally, neg;tive. |

The infomation gained in these tests indicates that this
reservoir would produce efficiently under water (brine) drive, and that
ultiﬁate 611 recovery by‘such'é mechanism would be fairly high. However,
in ﬁiew of the results obtained, in tﬁe presence of a strong water drive,
some permahent damage would result should production be carried above the
maxihum'efficient rate. Under these conditions, the reiative permeability -
to water would increasse rapidly throughoﬁt én artificially extendéd trahsition
zone near the well boré, ieading to_"coning", early high wafer cuts and by-
‘passing of considerable oil in the less permeable séctions of the reservoir.
Conclusions.

The following conclﬁsions can be drawn from the.results.
of these tests.

1. Pemmeability to 10% brine in the samples gave the best

" approximation of the equivalent 1iquid permeability
determmined with resPegt to nitrogen..

é. 'Thé greatest rgduction.in flow capacity ocqurrgd with

-.respect to fresh water indicating the preseﬁce of some
s%elling clays and possible particle disiodgemeht within
the samples. |

‘3. Sample permeability with reépect‘ to 10% brine equalied

| or exceeded that to kerosene in all cases.

4. The samples showed a stfdng preferential wettab8lity to

water, with 0% to 40% of the oil-saturated pore volume
displaced within first 24 hours.

Se PermeabiLity.to“oil and brine were geﬁerally in dlosest
agreement in those samples with the lowest equivalent
liquid permegbility.
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TABLE I .

Well Name Sample Porosity .. Dry-air Equivalent Pemeabilit.y' Permeability Pemeability Permeaﬂility Permeability Permeability
and Depth (4 BV) Pemmeability Liquid - to Kerosene = to 10% NaCl to fresh to kerosene to 10% NaCl to fresh water
Number (feet) ‘ (MD) _ Permeability (D) " Brine water (% BEquivalent (% Equivalent (% Equivalent
: o B (MD) (MD) - (MD - Liquid Liquid Liquid
‘ _ Permeabilifty)_ Pemeability). Permeability
Barrow ' :
Island 6764 8 . 176 163 94 134 101 - 58 82 o 62
No. 1 - . : . ~ _ _ : ,
" 6168 26 48 44 3 7S S (¢ mo 1
Cmo 6806 23 13 10 8 8 - 1 80 80 10
" 6808 22 23 19 15 16 g .01 84 4T
"o 6831 24 20 18 13 14 9 12 18 50
" 6831 ' 25 115 102 70 82 - 61 , 69 80 60
" 6845 26 63 58 4 45 3 - 78 51
" 6866 26 98 87 - 57 66 50 - 66 6 : 58
" 6880 23 ‘ 10 8 5 6 4 63 15 50
"o 6886 a1 65 60 ¥ 40 o4 65 61 68
" 6894 8. 17 14 10 - n | 51 .

10 8 T
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TABLE I
Well Name Core Sam le Depth- Dry Air - _Pbrosity Saturating Vol. Water Imbibed
and Number ffeef)\ - Permeability (% BV) - Medium . (% Pore Volume) -
Number (MD) : : : .

' 4 Day 2 days 3 days 6 days
Island 23 6758 - : 31 : 29 "~ - Kerosene 31.0 37.5 38.8 39.0
No. 1 ‘ : ' '

" 21 6808 23 22 n 33.6 3.0 9.5 139.5
"o 29 6845 R - 63 ‘ .26 " ' 435 44 .8 47.3 47.3
" 0 6866 . .98 - .26 m 288 338 3%.3 36.3
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FIGURE 4

INDUCTION ELECTRICAL LOG
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