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BARROW ISLAND NO. 1 

CAPILLARY PRESSURE TESTS ON SAI'lE"IPES OF CORE% FROM THE 
ViINDALIA ( CRETACEOUS) AND JURASSIC FS3SEHVOIR SANDSTONES 

II\JTRODUCTION 

The following report presents resu l t s  of mercury injection 
capillary pressure study performed on a number of samples from o i l  
and gas producing zones of Barrow Island No. 1, i n  the Carnarvon Basin, 
Western Australia. Supplementary information, comprising pore s ize 
distribution, permeability versus water saturation and a single six- 
point average capillary pressure curve f o r  the main Jurassic  o i l  
producing zone i n  the well based on t e s t  resu l t s  i s  also presented. 

PROCEDURE AND APPAHATUS 

The t e s t s  were carried out on 26 plugs, inch i n  diameter. 
The plugs were horizontally drilled-out from selected pieces of cores; 
they were trimmed with a diamond saw t o  a length of about la inches and 
extracted with toluene i n  a Soxhlet-type apparatus f o r  24 hours, then 
oven-dried a t  1 1 0 ~ ~ .  Upon cooling, the effective porosity and absolute 
permeability values (using dry nitrogen) were determined on each of the 
plugs. 

Next, capillary pressure t e s t s  were conducted on each plug 
i n  ai "Rusks"-type mercury injection apparatus using the method described 
by Purcell*. Each sample placed i n  the mercury pump resevoir was 
subjected t o  a vacuum of 20 microns absolute pressure a f t e r  whioh, 
using nitrogen gas, increasing pressure was applied t o  the mercury 
system a t  a number of pre-selected pressure "points". The volume of 
mercury injected into the sample a t  each pressure point was determined 
with the aid of the pump sight-glass and Vernier scale, a f t e r  saturation 
equilibrium a t  each "point11 had been established. The f i n a l  pressure 
used throughout the t e s t  was 1500 PSIA. . .. 

The readings so obtained were then ut i l ized i n  compiling 
capillary pressure curves f o r  each of the plugs, a f t e r  small volume 
corrections f o r  pump expansion and sample surface-confomance t o  
mercury were made. 

' . The; average capillary pressure curve ( ~ i g u m  28) f o r  the ' , . , 

interval 6,750' - 6,886' was, derived from the resu l t s  of t e s t s  on. all 
samples .an ' t h i s  zone having permeability gre'ater than 10 m i l l  idarcy. 
The method*, u t i l i s e s  the relationship between capillary pressure, , 

water saturation and permeability ( ~ i g u r e  27) of . a l l  permeable samples 
. '  ' 

i n  a par t icular  zone of interest .  Points f o r  compilation of the 
.average capil1a.q pressure-pore volume saturation curve were then 
selected //by reference Yo ' ~ i g u r e  27 using an average nitrogen permeability 
value of '83 millidarcy. 

Finally, pore s ize dis t r ibut idn of the samples was determined 
using the capillary pressure function 2 l cos and a value f o r  

'r 
the average pore entry radius over a par t icu lar  saturation interval was 
calculated. The values . and e/ , respectively representing the i n t e r  ' 

f ac i a l  tension (480 dynes/cm) and the contact angle ( 1 4 0 ~ )  between 
mercury and the', rock sample material were taken from Purcell 's  paper 
referred t o  above. 

* Petroleum Transactions, A.IJLE., February, 1949 

* "Practical Reservoir Engineering" by Guerrero & Stewart 
(The O i l  & Gas ~ o u r n a l )  



DISCUSSION 

The t e s t  resul ts ,  represented by ' the  capillary curves of a l l  
the . samples that  were tested and the permeability - capiklary pressure - 
f l u i d  saturation combined relationship of these samples from the main 
Jurassic oil-producing sand are shown graphically i n  Figures 1-26. Pore 
size dis t r ibut ion resu l t s  which w,ere calcul.ated" from' the above capillaxy 
pressure cuHes are  presented i n  Tables I and 11. Finally, porosity 
and'permeability values 'of samples,.and the copies of e lec t r ica l  log  of 
the relevant section, of the well .samples are shown i n  Table 111. and 
Figures 29 .and 30, .respectively. 

. 

An examination o f '  the capillary curves obtained from the t e s t s  
revealms that  only samples of a relat ively high order of permeability 
attained equivalent irreducible water saturation. The curves of these 
samples showed a f l a t  assymtotic character, while the capillary pressure 
curve form of the balance of samples tes ted is  that  of a continuous 
curvature from i n i t i a l  displacement (threshold) t o  ultimate t e s t  pressure, 
indicating that. irreducible saturations had not been established. 

The l a t t e r  .effect '  ' was displayed by both the shallow Windalia 
and the deeper .Jurassic o i l  producing sandstone sections. The Windalia 
samples could be expected t o  show high residual water saturations beoause 
of t h e i r  ra ther  impermeable nature. A s  f o r  the more permeable Jurassic  
sandstone, it has been shown i n  a previous report* tha t  t h i s  material is  
strongly water-wet , and that  it w i l l  imbibe water readily. Theref ore, 
capillary character is t ics  of a high equilibrium pressure' a t  irreducible 
water saturations would be quite normal f o r  t h i s  type 'of material. 

The 'average capillary pressure curve (Figure, 28) f o r  the 
section 6,750' - 6,886' was compiled from the data available a t  the 
time of writing t h i s  report, and consisted of 12 mercury injection 
capillary pressure curves and 19 horizontal a i r  permeability values. 
I n  view of such limited'data,  t h i s  average curve should, a t  best, be 
considered only approximate i n  representing 'oapillary conditions of 
the Jurassio o i l  sandstone section. Because of a greater d i r t h  of , 

core material f o r  the Windalia and 6200-foot level  gas sand, average ' ,  

capillary pressure curves f o r  these two intervals  could not be 
' 

established. 

I n  order t o  obtain average curves which would be t ru ly  
val id  f o r  the par t icular  zones of in te res t  over the en t i re  Barrow 
Island Field, a much greater number of samples should be tested from 
t h i s  and other wells i n  the f i e l d  i n  order t o  obtain more accurate 
overall s t a t i s t i c a l  average data. This is especially t rue f o r  such 
factors  as  permeability and the permeabil ity/water saturation relation- 
ship which are v i t a l  i n  picking the correct saturation and pressure 
values f o r  the f ina l  capillary pressure curve. 

A capillary pressure. study' of petroleum producing sands from 
the Barrow No. 1 well, by the mercury injection'method, has resulted 
i n  the following information: 

1. The average residual water saturation of the o i l  produoing 
zone between 6,750' and 6,886' was f o b d  t o  be 37$ of pore volume,. while 

a the lowest irreducible water saturation measured was 17.5% of pore 
volume. 

* B.A. McKay - "Barrow island ,No. 1 Liquid Pemeilbility and ivettability 
Tests on Samples of Cores from'the Jurassic  Reservoir Sandstoneu, 
February, 1966. 



2. The maximum' pore s i ze  a s  calculated from the  oap i l l a rg  pressure 
data was 1 1'. 7 microns. 

'. 3. The .nature of t he  cap i l l a ry  ourves obtained from the  
~ u r a s s i c  o i l  sandstone in terval  of 6,750' - 6,886' suggests t h a t  a th ick  
t r ans i t i on  zone might be expected above the f r e e  water t ab le  i n  t h i s  
reservotr .  However, t h i s  could be r e s t r i o t ed  by a combination of high 
rese rvo i r  oil/water d i f f e r e n t i a l ,  ( cap i l l a ry)  pressures and, t he  presence 
of impermeable ve r t i c a l '  b a r r i e r s  t o  flow. 



TABLE I 



TABLE I1 

I. 



TABLd I11 

L SAMPLE 
DEPTH 

POROSITY I DRY NITROGEN 
( 5  BULK VOLUME) PERDliEABILITY 

( MILLIDARCY) 

21 85 

2189 - 
2195 

I 

6 204 

I 6206 

621 3 

6693 
I 

6699 

6750 

6758 
.) 

6764 

6770 
.--• - 

6774 
L 

I . _ 6781 

6797 
b 

6822 
I 

6831 . 
6837 

P 

6845 
6 

685 1 
4 

6860 

6866 

6872 

6880 

6886 

6894 

J 

246 

26.3 

26.5 

18.7 

21.8 

24.2 

16.8 

16.8 

28.6 

29.7 

29 5 

28.4 

28.4 

15.5 

13.9 

16.1 

24.8 

29.8 

27.7 
- 

19.7 

26.8 

29. o 

28.5 

24.8 

27.9 

28.0 

l e ss  than 0.5 

1.5 

2.0 
1 

220 

204 
I 

360 

less than 0.5 

less than 0.5 

9 1 

6 1 

1 79 

102 
/ 

68 

less than 0.5 

less than 0.5 

less than 0.5 

28 

165 

62 

less than 0.5 

52 

108 

87 

4.3 

7 2 

4.7 



MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW NO 1 SAMPLE DEPTH-2165 



MERCURY CAPILLARY PRESSURE 
V I  

: :  WELL NAME-BARROW NO I! SAMPLE DEPTH-2189 

MEW@ WRY SATURATION- PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

- WELL NAME-BARWOW NO! SAMPLE DEPTW-2!95 

MERCURY SFi'BUWATION- PERCENT ff OWE VOLUME 



MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW No 9 SAMPLE DEPTH-6204 

MERCURY SATURATUON-'PERCENT PORE VOLUME 



'FIGURE 5 

MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW No 1 SAMPLE DEPTH-6206 

MERCURY SATURATION-PERCENT PORE VOLUME , .  



MERCURY CAPILLARY PRESSURE 

WELL NAME0@ARROW NO 1 SAMPLE DEPTH-6213 

MERCURY SATURFiTiON- PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

I WELL NAM E-BARROW NO 9 SAMPLE DEPTH-6693 

MERCURY SATURATION- 'PERCENT PORE VOLUME 



MERCURY CAPILLARY 'PRE'SSURE 

WEBB NAME-BARROW No 1 SAMPLE DEPTH-6898 

MERCURY SATURNION-PERCENT PORE VOLUME 1 



FIGURE 9 

MERCURY CAPILLARY PRESSURE 

NELL NAME-BARROW, NO 1 SAMPLE DEPTH-6750 



FIGURE 10 

MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW No1 SAMPLE DEPTH-6758 

MERCURY SATURATlON- PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

. ; WELL NAME-BARROW NO 1 SAMPLE DEPTH-6764 

MERCURY SATURATION- PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW NO B SAMPLE DEPTH -6970 

MERCURY SATURATION- PERCENT PORE VOL.BOME 



FIGURE 13 

MERCURY CAPILLARY PRESSURE , . .  

I WELL NAME-BARROW No 1 SAMPLE DEPTH-6774 

MERCURY SATURATION- PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

- WELL NAAMoBARROW No 1 SAMPLE DEPTH-6781 

MERCURY SATURATPON- PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

- WELL NAME-BARROW No0 SAMPLE DEPTH-6797 

MERCURY SAUURATUTTDON- PERCENT PORE VOLUME 



FIGURE 16 

MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW NO 1 SAMPLE DEPf H-6822 



FIGURE 17' 

- WELL NAME-BARROW No 1 SAMPLE DEPTH-6830 

MERCURY SAfURATlOW- PERCENT PORE VOLUME 



FIGURE 18 

WELL N.AME- BARROW No 1 SAMPLE DEPTH-6837 

MERCURY SATURATION-PERCENT PORE VOLUME 



WELL NAME-BARROW NO 9 ; SAMPLE DEPTH76846 

MERCURY SATURATION-PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW NO 1 SAMPLE DEPTH-6851 

6'0 2b ,' d ' .  

MERCURY SATURATION- PERCENT 'PORE VOLUME 



a FIGURE 21 

MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW No 1 SAMPLE DEPTH-6860 

MERCURY SATURATION- PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

WELL NAME-BARROW No Q , SAMPLE DEPTH-Q66 

MERCURY SAUMW(AUU@N- PERCENT PORE VOLUME .. 



FIGURE 23 

MERCURY CAPILLARY PRESSUR'E 
- I 

1 

I 
WELL NAME-BARROW No Q SAMPLE DEPTH-8872 

MERCURY SATURATION-PERCENT PORE VOLUME 



MERCURY CAPILLARY PRESSURE 

WELL NAM Eo:-BARWOW No 1 SAMPLE DEPTH-6880 

MERCURY SAUURAT7TION-'PERCENT BORE VOLUME 



FIGURE 25 

MERCURY CAPILLARY PRESSURE 

MERCURY SATURATION-'PERCENT POWE VOLUME 



MERCURY CAPILLARY PRESSURE 

MERCURY SATMRAUUON- PERCENT PORE VOLUME 



F/GLJ&€ 27 

RELATION BETWEEN PERMEABILITY SATURATION , 

3 .  

AND CAPILLARY PRESSURE 
. . 

BARROW No 1 6750' to , . 6886' 

MERCURY SATURATION' PERCENT PORE VOLUME 



MERGU WY CAPILLARY PRESSURE 
6750 

WELL NAME-BARROW No1 SAMPLE DEPTH-to 
C 6886 

MERCURY SATURATiOB8P-'PERCENT PORE VOLUME 



FIGURE 29 

INDUCTION ELECTRICAL LOG BARROW Nd 1 
- -  -- 

!:.[ SPONTANEOUS POTENTIALt 1 8  RESISTIVITY 'SAMPLE EBTHS 
.OHMS-M'IM (FEE n. 



FIGURE 30 

INDUCTION ELECTRICAL LOG BARROW No 1 '  
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