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B W W  ISLmD NO* 1 

LIQUID PEJ3IWILITY AND ItEXTABILITY TESTS ON SAlWLES 

OF CORES FmM TKE JURASSIC RESERVOIR SANDSTONES 

2his report presents the resu l t s  of : . l iqu id  pemeabili ty 

and wettabili ty determinations performed on some oore samples from the 

B s r r o w  Island No. 1 well i n  the Camarvon Basin, Western Australia. The 

qric was oarried out i n  the Petroleum Teohnology laboratory of the Bureau. 
. . 

Prooedure g-dAPpa_ratus s 

El even samples, )4 inches , i n  diemeter were drilled-out 

horizontally fmm ereveral permeable seotions of cores taken f r o m  the  Juraesio 

o i l  sandstone i n  this (~arkw Island No- 1) w e l l .  After extraotian and 

drying of the plugs, porosity ,md permeability determinations were made on 

them. Equivalent 1 iquid pemeabili  ty ( ~ l i n k e n b e r p )  was then measured on, 

the  plu'm i n  a f lex ib le  rubbe-sleeved Hassler oel l .  

Separate permeability t e s t s  using de-areated'kerosene, 

105 N a C l  brine and fresh water respectively were then o d e d  out on the 

.pluge* Each of the flow t e s t s  was preoeded by a thorough extraction and 

drying of the samples; additionally, dry weight and dry d r  permeability 

of eaoh plug was checked between t e s t s -  Although minor grain loseeor were 

detested, no s ignif icant  ohange i n  dry air permeability was found t o  have , 

ooourred between ' testa.  

Finally, because of the nature of the permeability resu l t s  " 

obtained, imbibition t e s t s  were oonduoted on four  of the  samples, in. 'order 

* The equ iv~ len t  l iqu id  pexmeability is found by the  following procedure - 
. , 

The penneability of a sample is measured a t  several d l f l e r A t  

me- pressures (upstream plus' downstream pressure d i d e d  by two) using a : 

(generally air) as the  flowing medium Each value of pemeabil i ty  is 

then plotted as a function of the r e c i ~ r o o a l  of' t he  mean pressure, whereupon 

the  etrtrlght l i n e  drawn thmugh the plotted points is extrapolated to  i n f i n i t e  

pressure ( o r  aero reoipmcal mew pressure). m e  i n t  erseotion of this l i n e  : 

with' the %emtf ordinate of r eo ipbaa l  mesa .pressure gives the value of 

Piquid gemeability t o  a non-reactive l iquid i n  that; sample. 



. . 

t o  determine t h e i r  preferential  f lu id '  wett,ability. This .was accomplished . . 

by immersing samples saturated with f reah waterwin o i l ,  and the adjacent 

samples, saturated d t h  o i l  - i n  f resh,  water. The relat ive wet tab i l i ty  was 

determined by noting' the type and volume of l iquid displaced 'from the  oore 

sample by the immersion fluid.  

Uscussion of .Results. I 
The.results Of t e a t s  &e shown i n  Tables I and 11, and 

i n  EYgurea 1, 2; 3 and 4. Table I 'summarizes ' the sample pemeabili-ty values 

obtained with respect ' t o  various :fluids used. Eaoh ' of these v d u k  has 

3 so been expressed as a of the corresponding equivalent l i q u i d  

, pemeabili ty  a able 3 and Mgurep 1, 2, and 3).  Table I1 represonto resu l t s  * 

of the imbibition t e s t s  oonducted on four of the' 'samples me? a pperiod of 

six days. The position of samples i s  shown i n  f igure  4. 

Permeabilities determined. on each of the"samp1 es wl t h  

I respect to  kerosene, 10% brine and fresh water were a l l  characterized by 

values wnsiderably lower than those of the corresponding equivalent l iquid - I 
pemeabil i t ies .  This was particularly noticeable in  flow teste with fresh 

water; the a v e r s e  permeability t o  t h G  phase was f o i d  t o  be o i ly  9% of 

the ecpivel& l iqu id  permeability. Additionally, d i f f i  oul t y  i n  obtaining 

s tn5i l ieed flow rates  during t e s t s  with t h i s  f lu id  was experienced. Shoe ,  

permeability' value i n  respect of the 108 NaC1 brine averwed a higher 77$ , 

. . 

of the  equivalent l iqu id  permeability, the presenoe and movement of some , 

, . 

swelling; clays and other mineral f ines  which could cause damage t o  the formation 

upon flushing with, ,fresh water is stron&ly indicated i n  the samples. 

Unexpectedly, permeability t o  10% brine i n  eaoh of the 

s a u ~ l e s  equalled d r  exceeded the  pemeabil i ty  to  kerosene. Rapidly s t a b i ~ i e k d  I 
flow rates  i n  separate t e s t s  with these two f luids  preoluded likelihood of 

this permeability difference being caused by the movement of mineral fines. . I . . 
Imbibition teat. wer& therefore, conducted on four of the samples to  deternine I 
tbb nature of the wettabili ty present and t o  c o ~ ~ s i d e r  its possible effeot . 

on t h s  f l o w  capacity. 



As suspected, all the  samples t e s t ed  showed s t rong  

a f f i n i t y  f o r  water. After only 24 hours, water was imbibed i n to  t he  oil-saturated 

samples t o  the extent of 30% t o  40s  of t he  pore, volume. The volume of o i l  
. , 

ult imately displaced by water a f t e r  6 days had essentially s t ab i l i z ed  at a 

maximum of 36s  t o  47% of pore volume. The t e s t s  of adjscer t  water-saturated 

samples f o r  imbibition of o i l  was ,  naturally,  negative. 

The information gained i n  these  t e s t s  ind ica tes  t ha t  t h i s  
. , 

rese rvo i r  would produce e f f i c i en t l y  under water (b r ine) ,  drive, and t h a t  

u l t imate  o i l  recovery by' such ' a  mechanism would be f a i r l y  high. However, 

i n  viow of the  r e s u l t s  obtained, i n  the  presence of a s t long  water drive,  

. . ' 

some ~ermanent damage would r e su l t  should production b e  ca r r ied  above t he  

. . maximum ' e f f i c i en t  ra te .  Under these  conditions, t h e  r e l a t i v e  permeability 

t o  water would increase  rapidly throughout an a r t i f i c i a l l y  extended t r ans i t i on  

zone near the  wel l  bore, leading t o  tlconingm, ear ly  high water cu t s  and by- 

. passing of considerable'  o i l  i n  the  l e s s  permeable sect ions  of t he  reservoir .  

The following conolusions can be drawn from t h e  r e s u l t s  

cf these t e s t s .  

1. Permeability t o  10% br ine  i n  t he  . smp le s  gave t h e  best  

approximation of t h e  equivalent l i qu id  permeability 

determined with respect t o  ni&rogen.. 

2. ' The grea tes t  reduction . in  flow capacity occurred with 

respect t o  f resh  water indicat ing t he  presence of some 
. , 

swelling clays and possible p a r t i c l e  dislodgement within 

the  samples. 

' 3. Sample permeability with respect t o  10s  b r ine  equalled 

o r  exceeded tha t  . t o  kerosene i n  a l l  cases. 

4. The samples 8howed.a strong pre fe rsn t ia l  wettabBlity t o  

water, with 30% t o  40% of t he  oil-saturated pore volume 
. . 

displaced within- f i k s t  24 hours. 

5. Pem&zbild.ty t,d'"oil and br ine  were generally i n  c loses t  

=reanent i n  those samples with t he  lowest equivalent 

l i qu id  permeability. 

. a a/+ 



TABLE I 

Well Name Sample Porosity --air Equivalent Pelmeability Permeability ~ e x m e a b i i i t ~  Permeability Permeability Permeability 
and Depth ( $ BV) Permeability Liquid . to  Kerosene ' to  10% NaCl to  fresh to  kerosene to 10$ NaCl to fresh water 

Number ( feet )  , ( M a  . Permeability (KD) . Brine water ( k ~ ~ u i v a l e n t  , ($Equivalent ($Equivalent 
( MD) (MD) (MD) Liquid : .. Liquid Liquid 

Pemeability) ~enneabil i ty  ) Permeability 

Barrow 
Island 
No. 1 
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TABLE I1 
. . 

- 

Vol . Water Imbibed 
. ($  Pore volume) . . 

3 dass 6- 

Barrow 
Island 23 6758 - '31 29 KerosSne 31 .O 37 05 38 08 39 *o 
No. 1 

. . 

t I  27 6808 23 22 n 33.6 38 *O '39 05 .39*5 

6 3 26 n 83.5 44 *8 I t  . . 29 6845 . '  
. . 47.3 47 -3 

. . 

I1  3 0 ,  6866 ' ,  - 9 8  . . 
.26 n 28.8 . 33 *8 36 -3 36.3 
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FIGURE I; 
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