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SUMMARY

Waterflood tests were carried_out'in the Petroleum-Teohnology
Laboratory on 43 core samples ffom oil reservoirs'iﬁ-the Kingfish A-1,
Kingfish B=1, Mackerel No. 2, and Mackerel No. 3 wells in the offshore
Gippsland Basin, The purpose of the tests was to determine the efficiénqy
of natural water drive in the o0il reservoirs in these two fields in particular,
and by inference, in other fields in the Basin. |

The conélusions‘based on the results of the tests are as
follows:

a) 0il recovery at depletion of 99 pefcent water cut in both
fields is greater than 60 percent of o0il in place, and at 96 percent water
out is about 55 percent.

B)';ﬂThese o0il recovery factors are probably conservative,
because soﬁe reservoir sections could not be iested because of their poor

consolidation ihdicating high porosity and permeability characteristics.

INTRODUCTION

The Offshore Gippsland Basin contains several oil and gas-
condensate fields. Some of these, notably the Halibut, Kingfish, Marlin,
and Barracouta fields, are currently in full production; while others
1ike Mackerel, Tuna, and Snapper are expected to commence production in
the near future.

The reservoir production mechanism in these fields appears to
be a natural water drive, with solution and/br cap gés drive of secondary
importance. The associated aquifer system is extensive, and complete
water displacement will probably occur in all the fields,

‘ The following tests were carried out to determine the recovery
efficiency of water displacing oil from reservoirs in two of the fields

viz. Kingfish and Mackerel.



SAMPLE PREPARATION

Forty three core’sampleé were selected for the displacément
tests = 14 from Kingfish A-1, 11 from Kingfish B~i, 10 from Mackerel
No. 2 and 8 from the Mackerel No. 3 main oil reservoirs. The samples
uefe drilled perpendiéular to the be&ding planes from slabbed. cores.
Three plugs were also drilled parailel to the bedding planes from the.
Kingfish A-‘!',/ and Mackerel No. 3 core samples.

The inoh diameter plugs were trimmed to approximately 13 inches
in length and a;ter cleaning with toluene in a centrifugai extractor;
they were oven dried at 105°C for 24 hours. 'Affer cooling, poiosity :

and permeébility weré measured with respeof to nitrogén. Subsequently,
the surface of each plug was thinly coated with epoxy resin (end faces

excepted) to avoid grain losses during later test work.

VATERFLOOD TESTS

Thé waferflood tests ware carried out in the following manner:
each plug was saturated with brine of 40 OOOvppm NaCl for Kingfiéh, and
20 000 ppm NaCl for Mackerel. The plugs were then flushed with viscous
mineral oil until residual water saturation was obtained. The mineral -
0oil was replaced with a light refined oil of 1,77 cp. viscosity in the -
case of the Kingfish samples and 1.55 cp. viscosity in the case of Mackerel
‘samples. The viscosities were measured at 18°C.

After permesability to the respective oil was measured in each
of the samples; waterflood susceptibility tests were carried out in a rubber
sleeved Hassler cell. The tests were conducted at a producing water—oil
visoosity ratio of approximately 1.66 in the case of Kingfish samples and
5.50 in the case of Héckerel samples. (These values approximate the
water—oil viscosity ratio in the respective reservoirs in each field).

Water flooding was continued in each case until a 99.9% water cut was obtained.
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DISCUSSION OF RESULTS

The results of the tests are as follows:

(1) Porosity, permeability and.residuél water saturations are
shown in Tables 1 and 3.

(2) 0il recovery characteristics by water drive and the water
*cut' at various stages during displacehent are shown in
Tables 2 and 4 and in Figures 1 — 43.

(3) 'Average 0il recove¥y and water saturation characteristiocs

are shown in Figures 44, 45, 46 and 47.

The results shown in Tables 2 and 3 and Figures 1 to 47 reveal
generally favourable oil recovery characteristics by water drive for both
fields. The average oil recovery at water breakthrough for the two
Kingfish ﬁéliéwwas 36% and 39% of oil in placs, while recovery from the
two Mackerel wells averaged 435 and 46% of oil in place.

A very significant proportion of o0il was recovered from both

‘groups of core samples, Kingfish and Mackerel, after water breakthrough.

However, the Kingfish samples showed lower oil recovery at breakthrough

and greater oil production after breakthrough than the Mackerel samples.

This is probably due to different pore size disiribution characteristics,

the Mackerel samples having slightly better grain sorting than those of
Kingfish,

The 0il recovery a£ depletion can be determined by reference to
the curves in Figures 44 - 47. At 96% water saturation in the effluent
as a cut-off point for oil production, the tests indicate an average
recovény of 54% of oil in place for Kingfish A-1 and Mackerel No. 2 and
564 for Kingfish B-1 ard Mackerel No. 3. If a 99% water cut is accepted,

then the corresponding average recoveries will be 61% of oil in place for
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each of Mackerel Nos 2 and 3, and Kingfish A-{ wells, and 685 of o0il in
p;ace for Kingfish B-1.

However, most of these recovery factors are probably conservative;
much of the core material from the four wells froﬁ which the sample plugs
were taken was very poorly consolidated. Plugs had %o be drilled with
liquid nitrogen coolant to avoid disintegration during sampling, and
several intervals could not bé sampled because the oore.material was
completely unconsolidated. It may be assumed, therefore, thai the porosity
and particularly the permeability values of the 'lost® core maferial are
higher tﬁan those of the samples us§d in these tésts,"even if overburden
pressure is comsidered. Similar conclusions could also be drawn concerning

the oil recovery characteristics of the unsampled material.



TABLE 1 :
WELL KINGFISE A-
WiT5 e (37173 Savewr )
Permeability (h 1lidarey.) Residual
Sample Depth Porosity To o0il at To water at water
] To dry residual water residual oil saturation Lithol
fumoer (feet) (% pulk nitrogen . saturation saturation before waterflood 1enoL0gy
volume) (vefore flood) (after flood) (% pore volume)
1 7514 23,9 2578 2315 1179 19.2 Sstim.gr. to 3
' C.gTs Sleslty =~
2 7528 22.2 2093 1834 1122 30.6 Sst;f.gr. to
. c.8r. Slty
3 7544 22,8 783 259 144 29.6 Ssti;f.gr. to m.
gr., sl., slty
4 - 7559 22.3 - 335, 166 ., 91 28.2 as above
5(V) 7569 24,8 906 712 574 17.7 Sst;m.gr.; sl. slty
5(H) 7569 24,0 1940 1939 N7 17.5 As above
6 7600 25,6 826 804 297 14.8 Sst;v.f.gr
to f.gr.
8 7667 24,6 2919 1589 1545 29.4 Sst;f.gr. to m.
' £r., sl., slty
Ei 7673 18,1 554 276 92 174 Sst;f.gr. to v.
. Ce&Te, Sl. slty
11(V) 7722 16.7 835 513 1843 23.8 Sst;f.gr. to c..
: Te, arZ.
11(8) 7722 14.9 750. 514 200 24,0 As above
12 7728 13.0 705 461 146 28.9 As above
13 1139 18.1 3460 2938 - 1524 32.7 S§ti p.er. to c.gr.
14 7745 1741 1337 917 685 32.0 " Sst; Copr, Sliy.




WELL — KINGFISE B-1

Table { (contd)

- 10

11

1423
7434
71455
7487

7608
7618

. 7627 .
- 7639
7649 -

7656
- 7661

15.6

19.1

22.3

23.4.

21.0
24.8
26.5
21.5

21.2

22.8

19.8

5317

. 1915

113

307

2083

2488
1689
944

- 1192

2132

EERTIE

497

1825
55

142

1840

1787

1079
531

938

. 2002

45 .

338

1738
3

1350

1446

496
330

937

892

12

27.4

17.1

42,2
21.2

23.1
25,3

27.2

31.8

32.7

36.5

26.2

Sst; m.gr. to
gr., sl. slty.

Co

Sst; m.gr. to

Ce8T e

Sst; f.g‘r. t0
gr., 8lty.

Co

Sst; f.gr. to
&r., sl, mic,

Sst; f.gr. to

CofT e

Sst; MegT

As above

Sst; m.gr. to

So8T

Sst; cegrae,
sl. slty.

Sst; f.gr. to

CeLTe

Sst; f.gr. to
Co8T

tr.




YWELL

KINGFISH A1

TABLE

2

Water Salinity - 4
Producing weter/oil viscosi

0,000 ppm NeCl
Ty rati

atio - 1.6

0il Recovery

Water Cut

72.3,

Sizgii %2222 % pore volume % hyérocarbon volume (% total production)
B. 7. 1 P.Vv., 5 P.V. 10 P.V, 20 P.V.| B.T, 1 P.V. 5 P.V. 10 P.V. 20 P.V, P.V. 5 P.V. 10 P.V. 2G‘P.V.
1 7514 26.3 36,5  43.9 47.0 49,0 |'32.8 45,8 54,7  58.6.  61.1 95.5  9%.0  99.8 93.9
2 7528. 26,8 35.2  45.0  48.7 51.5 | 3843 50.7 64,8  T70.2  T4o2 94,5  98.8  99.7 9.8
3 7544 26,4 37.0. 47,0  50.2 52,0 | 37.5 52,5 66,7 T1.3 3.8 93,0 99,0 - 99.7 99.8
4 7559 | |25.9 38.5  49.0  51.5 53.5 | 3601 53.6  68.2  T1.T  T4.5 92,5  99.2  92.7 9.8
5(V) 7569 - | 38.7  49.0-  57.3  60.5 63.0 | 47.0 59.5  69.6  T3.5 = 76.5 94.5  9%.1  99.6 99.8
5(H 7569 34,0  49.0 59,8  62.0 64.0 | 41.2 59.4  T2.5  T5.1 7.6 91.0  99.0  99.7 99.9
6 *7600 43,6 52,5  60.2 62,5 65.0 | 51,1 61.6 70,6 3.3 76.3 96.5.  99.4  99.7 95.8
8. 7667 |39.1. 46,5  55.0  57.0 59.0 | 55.4  65.4  77.9 80.7  83.6 93.6.  99.3  99. 95.9
9 7673 57.2 46,5 - 54,4 56,0 57.8 | 45.0 56.3  65.8  67.8  69.9 94.0  99.4 99,7 99.9
11(V) | 7722 37.4 42,0  45.2  47.0 50.0 | 49.1 55.1 59.3 61,7  65.6 98.0  99.5  9S.6 29.9
11(H) 7722 27.5 35,0 42,2 44,0 45.5 | 36.2 46,0  55.5  57.8  59.8 95.0.  99.0  99.7 99.8
12 7728 9.5. 16.7  20.8 22.3 25.0 | 13.4 23,5  29.2 32,1 35.1 97.0 99,2  99.6 99.9
13 7739 26,9 33.2  42.8  45.0 46,0 [39.9 49.3  63.6 66,8 683 94.5  99.0  99.6 99.9
14 7745 18.0° 26.5  35.8  38.5 41,0 |26.4 38,9  52.6 56,6  60.3 95.0  99.0  99.5 95.8
AVERAGE 29.8  38.9  47.0.  49.5 51.5 |39.2 513 62,2  65.5 68,3 9.6 99,1  99.7 99.85
WELL -~ KINGFISH B-1
1 7423 18,1 37.0  50.1, 54,8 58,0 | 24,9 50.9. 69.0  75.5  79.9 8.0  98.8  99.3 99.8
2 7434 33.7 44,0  59.0  61.8 66.2 | 40.3  53.1-  Ti.- T4.5  T79.8 92,0  98.7- 99.8.  99.8
3 7455 7¢5 19.5 30,4 35,0 39.2 | 12,9 33,7 52,6  60.5 = 67.8 9.7  98.9  99.5. 99.8
4 7487 34,4  48.5° 57,0 59,5 62.0 | 43.6 61,5 75.5 © 18.T 94.0  99.2  99.7-  99.¢
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WELL - KINGFISH B-1

; :
5 7608 27.5 37.8. 47.0  51.0. 55.0]  35.7  49.1 61.1 66,3  T1.5- 95,0  98.9  99.4 59.8
6 7618 | 33.8 39.5- 48.0  51.2 53.3| 45,2  52.9 64,2  68.5  T1.5 95.5  99.0  99.6 9.8
7 7621 35,6 47.5. 55,0 58,3 61.0 48.9 65.2  75.5 80.0  83.8 9.6  S9.1  99.6 0.9
8 7639 | 27.3. 36.5 4.8 48.7  52.0| 40.0. 53.5  65.7 1.4 76.2 %6.0 9.0 9.6 oo
9 T649 | 22.4° 29.2- 39,0 42.9  45.0| 33.3 43,4 57.9  63.7  66.8 95.0. 98.8  99.6 95.5

10 7656 17.5 33.5  44.5 47,5 4.5 27.6° 52.7.  70.1  T4.8  T7.9 93.0 99,0 99,6 99,8

11 7661 | 35.5° 41,7 50.0,  52.8 54,0 48.1. 6.5 67.7- .5 73.2. 5.4 99.0  99.7 59.9

AVERAGE 100 5T 47T 5.2 54l 364 52,0 664 Ti. 752 | 94.0  98.9 99.5 9.8




TABLE 3
WELL HACKEREL NO.
P ahi 719 Ty M3 14 <} .
Porosity Permeability (u1111aach) , Residual
Sanple Depth To o0il ot To water at —__water
(% bulg To dry residual water resicduval oil saturation Litholos
Humber (feet) volune ) nitrogen saturation saturation before waterflood vithology
(before flood) (after flood) . (% pore volume)
i 7590 20.8 78 71 37 30.6 Sst; f.gr. to v.
C.gT., sl. mic,
2. 7599 177 27 - 16 5. 29.1 As above
5(5) 7621 2144 449 373 35 28,9 Sst; m.gr.
5 7726 27.0 751 710 375 21.7 . Sst; m.gr., sl. glau
6 7753 24,0 52 51 18 26,4 Sst; f.gr. o m.
£Tr., mic. glauc
- 8 7819 27,8 1642 1300. 1059 21.2 Sst; m.gr. to c.
8Tey Ve DYT.
o 7845 235 983. 808. 346 1641 Sst; f.gr. to c.
: gr., nic,
10 7858 2445 987- 565 486 24.3 - Sst; f.gr. to
: ¢. gr.
11 7886 - 23.6 424 359 105 29.3 Sst; m.gr. %o
C. BT
12 7905 25.1 457 . 410 87 23.8 Sst; f.gr. to c.
) gr., sl. arg.
7E8LL - MACKEREL NO.
2 7858 22.7 1404 - 667 670 28.6 Sst; m.gr. sl. pyT.
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Ul

5(V)

5(H)

19.6'
22.6°

18.0.

17.8

273,

25.1

1244

1163

856

' 860.

381

1178 -

890

632
182

645

25,9

18.9.

25.6
T

22.4 -

26,0

25.5 -

24.0

£

Sst; m.gr. to

C. 8T,

Sst;-f.gr. to

cC. ET.

Sst; f.egr. to
V.C. 3T,

As above

]

Sst; f.gr. To m.
g. nic, sl, arg.

=

&

Sst; v.f.zr. to
f.gr., sl. sity.
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WELL - . HMACKEREL HO, 2 i ' _ Yater Salinity - 20,000 ppm NaCl
Producing water/oil viscosity ratio - 1.50
0il Recovery Water Cut
'\S,i;rlgli ?fg”f) 73 pore volume . % hydrocarbon volune (’5 total ,roduction)
nNuUnmne ieev :
' B.?. 1 P,V. 5 P.V. 10 P.V. 20 P.V.| B,?. 1 P.V., 5P,V, 10 P, V. 20 P.V. | 1 P.V. 5 P, V., 10 P.V. 20 PV,
1580 17.4 26,0, 30.3 34,0. 3761 25.1.  37.5 43,6. 48.9 53.4 96.4 98.7 S9.4 gac.8
2 7599 16,5 29.0. 35.2 38.0 . 40,6 23,3  40.9 - 49.6 53.5 573 96,0 1 8%.0 29.5 %¢.9
5(H) 7621 - 25.5 37.2 44,6  48.8 51.7 | 35.8 52,3 62,7  68.6  T2,7 97.0  98.8  99.4 99.5
5 7726 44,4 52.0 55.7 . 56.0 56.4 56,7 66.4 T1e1 Tie5 72.0 98.6° 99.4 99.9 99.9
6 7755 136.8  41.0  48.1  50.0-  53.0. |.50.0 55.7. 65.3.  67.9  72.0 96.0  99.2  99.6 99.9
8 7819 41.3 47,8 53.0 55.1 - 56,7 52.4 60,6 €7.2 69,9 71.9 97.0 59.G 23.8 82.5
9 7846 4.4 55.7  59.0.  60.0 61,0 .| 49,3 66.4  70.3  T1.5  T2.7 | 97.5. 99.6  99.9 99.9
10, 7858 44.9. 50.8  55.8°  58.5 61.0 " | 59.3 67.1. 737 7743 £0.6 97.0 99.2 99.8  99.9
11 7886-  132.0, 38,0  45.2- 47.0 48,2 | 45,3 53,7  63.9 66,5 68,2 95.0 9. 99.8 99.9
12 7203 28,6 34.7 391 40,0- 41.2- 375 45.5 51.3 52,5 54,0 97,.0. 95.2 85,8 8g,%
AVERAGE 32.8  41.2 46,6 48,17. 50.7 43,5 54,6 61.8.} 64.3 67.5 86.7 9¢.1 G%. 99.9
WBLL - MACKEREL N0. 3
2 7858 45,2. 50,0 54,8 5604 57.8 63,3 70.0 76,7 79,0 80,9 97,2 99.7 9.8 8¢, %
3 - 874. 21.4 - 36,0 44.8 - 46,3 48.8 28.8 48.6‘ 60,4 6205 64.8 64.0 99.5 $9.6 29,9
4. - 7385, 42,3 48,0 54.2 55.8 57.0 5241 59.2. 66.8 68.8 70.3 95.0 95.5 59.7 Q548
5(7) 7896 40.2 . 49,0 52,0 52,8 53.0 | 54.0 65.8  69.9  70.9  T1.2. 96.5  99.7  99.9 99.9
5(H) 7896 38,5 52.0.  59.1  60.2 62.0 | 49.3 67.0 76,1 T7.6  79.8 95.0  99.7  99.8 92.9
6 7908 19.6  23.2. 27.0 28.0 29.8 26,4 31.3 3645 37.8. 40.3 88.0 89.5 98,7 399.9
T 7919 37.T 44,5, 5262 55.3. 58.0 50.6. 59,7 T0.0° 74,2 77.8 95,7 92.5 98.6 82,8
8 7929 36,2 38.4- 40,00 40.8. 41.5 47.6 50,5  52.6 5347 54.6 99.5. 55.2 $9.9 §9.9
AVERAGE  35.1. 42.6° 48.0  49.4 50,9 | 46.5° 56.5. 63.6  65.6 67.5 96.6 99.6 92.7 99.9
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FIG URE 2

WATER FLOOD SUSCEPTIBILITY
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