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- , ^ . f „ T 3 

& / ' ftcf6$ 
LOGBED AND ^SAMPLED 
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-•Big Lake 1 
^ig Lake 2 

3 

Lake 27 
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Lake 31 
Lake 34 
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-Big Lake 
Big Lake 
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Toolachee 1 

Toolachee 3 
Tdolaehfie 3 
Teolacheo 6 
Toolaches 8 

"'Too lac hoe 9 
'i'tvalachee 12 
Totildehee 15 
Toolaches 10 
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8 0 

52 
187 
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1 8 
66 
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3 9 1 
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Toolachee 2i" 
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Y ^ p a n i 1 
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Maoiitba 7 It 5? 
Qtrzfelacki i0 
Kidman 1 
Kirby 1 
Burley 2 
Dul lingari .10 St 39 
Wancoocha 2 & 4 
Big Lake 26 & 33 
Thrtee Queens 1 
Marabooka 1 
Namur i 
Daralingie 1 & 2 
Spehcer i 
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Lake Hope 1 
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Hr.PGG/NERDDC C o o p I l l l a i i J l J E ^ - i A s A . 

• • . 11 NILTI 1NE OF* DSASIF, 1 I X L M J I I F L L L I ^ 

I . l L t / J ^ U £ t L e i j . • • • • • . " ' . ' , • , 

tcj• Ka Used' f o r t h e s t o r a g e ,af t h e : M r g e q u a n ' k s i f r t h a C o o p e r ; 
a c q u i r e d d u r i n g « t « H i * « f ^ e

 H i K " / i f ^ ^ ^ r y , 

' t % ° i r a , a r e a d d e d , n o t a b l y c l a y * n e r a l o g y , 

, T ° P i C S i , T h i n s e c t i o n p e t r o l o g y . •.•,•• . • , ' . ' 
:'„ " 2 . H a n i s p e c i m e n d e s c r i p t i o n . . u ^ ." 

' ' 3 ; C o r e a n a l y s i s ! '•• . 
}! ••''• 4 , s c a n n i n g e l e c t r o n n i e r o s c o p y 
' x- .3ay d H • f r a c t i o n • ' • ' „ . • ' • . . . ' • • 

i n a d d i t i o n t h e r e i s a d a t a H i e t o c o n t a i n i m p o r t a n t i ^ o r a a t i a n a b o u t a l l ..;. 

t h e w e l l s t h a t you h a v e w o r k e d o n . " . . . .• ; 

' a d i s k t o bis * a d » - s v i i U B t a t t i you u n d e r t h e ^ l l p w t r t g n a . i e s ! 

1 . SECTION. DBF \ , , 0 f ) . 
. BGLOG, DBF \ U •) I rSl 0 ) I ~ ' ^ ft' v t 

3 . iiORAN.DBf \ " V 
4 . SEMtOBF f 7 
3 , X R M B f t V V'vi v j 
6 , MELLDA't A. DBF 

r e q u i r e d s t r u c t u r e a s f t i l i a H S i 

A> COPY C&MN.DBF BsCWftlCAiDDF 

You s r o now r f e a d y ' t o I n v o k e t h e dBASE I l t + p a c k a g e . 
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S t a r , U n a dBASE. \ / 

dBASE I s ' u s u a l l y i n v o k e d by t h d ^.coinman d DBftSfey M h 6 ftH U pi a ft t h e s o f t w a r e i s 
l o a d e d r e a d y t o gc>, Once you a r e i n dBASE you h a v e t w o piOdes of o p e r a t i o n 
a v a i l a b l e : •"••.' / •. 

t h o " d o t p r o m p t " , c 

t h e ASSIST menus • 
and b o t h w i l l be u s e d by yoUi » v / / ^ 

, ° The d o t p r o m p t i s a d o t ( - f u l l s t o p ! a t t h e b o t t o m of t h e s c r e e n and you 
g e t t o i t by p r e s s i n g t h e Es-i key ( s e v e r a l t i m e s i f n e c e s s a r y ) , t h e ASSIST 
mGnu i s e n t e r a d by p r e s s i n g th'S F2 k e y a t t h e d o t p r o r i p t , Try p r e s s i n g t h e s e 
two k e y s a l t e r n a t e l y t o v e r i f y t h i s . " A 

,.4« 1 G e t t i n g r e a d y f o r d a t a e n t r y . ' j / ' 

Assume t h a t we a r e t o c o n t i n u e t o c r e a t e o u r c o r e a n a l y s i s f i l e ; 

CW01CA.DBF. At t h e d o t p r o m p t t y p e t h e f o l l o w i n g command! " . . 

.USE BiCWOICA ALIAS CORAM ' ' , ; ' / 

T h i s cor,stand h a s now l o a d e d t h e emp.ty f i i e i D a t a i s e n t e r a d i n t o - U i i s f i l e by 
m e a n s of & f o r m p u t on t h e s c r e e n ) s i n c e t h i s f o r m i s c a l l e d CORAN we n e e d t h e 
ALIAS p a r t of this a b o v e command. We j idw Have t o l o a d t h i s f o r m p r e p a r a t o r y t o 
u s i n g i t , w h i c h ws do by m e a n s Of t h e ASSIST s i e n u s . P r e s s F2, 

Hsnus can be c h a n g e d U s i n g t h e l o f t and r i g l i t a r r o w k e y s on t h e number : 
p a d i C h o o s e t h e SET UP menu . Use t h e up and down a r r o w k e y s t o h i g h l i g h t t h e 
v a r i o u s a v a i l a b l e C h o i c e s * H i g h l i g h t t h e FORMAT FOR SCREEN o p t i o n and p r e s s 
t h e RETURN key* H i g h l i g h t t h e d i s k d r i v e With t h e W s t e f f i l e s U i F a fid 
RETURN. YOU w i l l s e e a l i s t of t h e s c r e e n f o r m a t s f o r t h e v a r i o u s d a t a f i l e s , 
H i g h l i g h t fiURAN.FMf a n d / j j f e s s RETURN, You h a v e j u s t l o a d e d t h e f o r m f o r c ibrc 
a n a l y s i s d a t a e n t r y , • 

il '' '' .' ' 

• • . I f i i l C . l M - M . U i . • • •• 

D a t a i s a d d e d a t t h e end of a f i l e u s i n g APPEND. T h i s i s t h e mos t u s u a l 
- M f t . b u t s t i e l a t e r -for i n s e r t i n g artd e d i t i n g , o u r f i l e i s ddipty a t prMBfifc b u t 
•HS SKI ab.OUt t o t h a h g B t h $ t « , \ 

• U8tf l e f t a n d r i g h t a r r o w k e y s t o s e l e c t t h e UPDATE n e n u , h i g h l i g h t t h e 
AP^ENt) o p t i o n . m M f h . t r a l r i g h t s s,:ti i t ' s a l r e a d y h l g h l l g h t « t d l j and f i fess i 
RETURN. If e v e r y t h i n g l i a s g o n e t o p l a n LO1 and BEHOLD! up on t h e s c r e e n i s a 

j / J a n e y f a r m f o e you t o f i l l tn< t h i s l o r m r e p r e s e n t s t h e f i r s t r e c o r d i n t h e 
d a t a b a s e , 

The c u r s o r i s s i t t i n g a t t h e s t a r t of t h e f i r s t box ( i . e . t h o f i r s t 
f i s i l d ) t o b e f i l l e d i n on t h e f o r m ) i n t h i s cUSe ( and 411 o t h e r s i l t h i s i s t h S 
name Of t h e e x p l o r a t i o n w e l l t h e d a t a IS f f b m , t SO. you t y p e t h i s 1 f t , and 
p r o c e e d t o t h e n e s t box ( w e l l n u m b e r ) , 6 u t t t ife^e i s a t r a p h e r e f o e t h e 
u n w a r y f i f ( a s W i l l c e r t a i n l y h a p p e n f o r some d a t a ) y o u r e n t r y f i l l s t h e ban 
d o n p l e t e l y , t h e n t h e b e l l r i n g s o r h o o t s and t h e c u r s o r a u t o m a t i c a l l y j u m p s t o 

, t h e - n e x t b o l d on t h o o t h e r hand i f y o u r e n t r y o n l y p a r t i a l l y f i l l s t h e box 
t h e l i you m u s t p r d n o e d t o t h e n e x t box by p r e s s i n g RETURN. 

M i s t a k e s i n d a t a e n t r y c a n bo c o r r e c t e d a t a n y t i m e by u s i n g t h e r u b - o u t 
o r d e l e t e k e y s and r e t y p i n g t h e e n t r y , You can go b a c k t o a p r e v i o u s box u s i n g 
t h e arf-ow k e y s , ,, ' 
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When t h e l a s t box h a s been d e a l t Wi th t h e n ynu can p r o c e e d t o t h e n e A t 
f o r m ( r e c o r d ) . A f t e r t h e l a s t . f o r t h a s b e e n b i l l e d i h , - f i n i s h by h o l d i n g dom, 
t h e CTRL key w h i l e you p r e s s t h e EMD k e y . T h i s t e l l s t h e c o m p u t e r t h a t t h e 
f i l e i s c o m p l e t e , w h e r e u p o n i t is t r a n s f e r r e d t o d i s k . 

You c a n now s e t up t h e n e x t and s u b s e q u e n t d a t a b a s e f i l e s i n t h e same 
f a s h i o n u s i n g - t h e a p p r o p r i a t e s t r u c t u r e f i l e s afrd s c r e e n f o r m a t s , , . • • • • 

A, H i n t s and T i p s . ' -

fire you f e d up w i t h e n t e r i n g t h e s a n e w e l l n a m e and w e l l n u m b e r i n e a c h 
r e c o r d ( e . g . CORKWOOD a n d O i l ? Go t o t h e d o t p r o m p t and t y p e i 

i SET FUNCTION 7 TO ''CORKWOOD j " , 
.SET FUNCTION 8 TO "01 j " , , , 

Tha s e m i - c a l o n w a n s ENTER, so i t i s n o t n e e d e d » t h e boK i s t o M " • P ^ . j j / i 
f i l l e d With d a t a , When y o u flaw ( i l l ifV ybUf f a r m d i m p l y and F6 ; a t t h e 
wel 1 name and number b a k e s r e s p e c t i v e l y , Y o u ; c a h do t h i s • i W o t h e r d a t a and,,-/ 
f u h c t i p n key&f b u t a v o i d ' d b a t t ^ i n g H 4fid F lo , . ; M i , 

• I f t h e ' r e v e r s e Vi ds i i Used t o h i g h l i g h t t h e J i S l d ho f i e s art t he , Wjyifc. , 
s c r e e n d o e s p b t Xbrk WeH on y o u r m a c h i n e you can a l t e r t h e t o r m a t by t h e 
f o l l o w i n g ( e . g . ) a t t h e d o t p r o m p t : 

.SET INTENSITY OFF '' : .'•• -,..' • " 
i SET DELIMITERS TO 'iV - " . 
. S I T O E M M t T e ^ Q N ' • , • • . "«• . . ; • ; • ' • • , . . , , . . ' • . : ; " • . ' . 

T h i s H i l l t h e r . p r o v i d e b o x e s b r a c k e t e d w i t h s q u a r e b r a c k e t s , „ 

i f y o u r b e l l h o o t s annoy y o u , you can t u r n t h e b e l l o f f a t t h e d o t , 

p r f l m p t i ' • " ° • • • > » . . . 

.SET BELL OFF . " " ' 

' ' " o u t be c a r e f u l , s i n c e t h e a u d i b l e w a r n i n g i s M M M r t i t f . u s e f u l when y au a r e . h o t 
p a y i n g a t t e n t i o n t o t h e s c r e e n , 

-'It- fed i t 1 ft p.. d a t a , .on..'lLLLli, / ' / V 

You c a n go b a c k and c h a n g e e n t r i e s i n t h e f l i e s a t a l a t e r s t a g e If 
n e c e l S a r y , F e l l o w t h e p r o c e d u r e s o u t l i n e d i n s e c t i o n 4 abdvfe t t i S e t up the , 
d a t a b a s e f i l e and i t s a s s o c i a t e d s c r e e n • f o r m a t . S 

You c a n e d i t I n o n e of t w o w a y s , 
u s i n g t h 6 ED t f op t I oh of t h e UPDATE ftietiu 
u s i n g t h e BROWSE o p t i o n of t h e UPDATE menu. 

B o t h m e t h o d s h a v e t h e i r a d v a n t a g e s and d i s a d v a n t a g e s , U s i n g EDIT y o u 
p r e s e n t e d w i t h pit* N c o r d U d f e f e n f o r m ) a t a t U e and you h a v e t b l p rOugh 
t o f i h d t h e one you w a n t u s i n g t h e PtjDh and ^ U p k e y s j t h i s I s OK If y o u r 
H I M a r e j - S H M I b l y s h o r t , The BROWSE o p t i o n d i s p l a y s y o u r f i l e one r e c B r t o 
a l i n e b u t w i t h s e v e r a l r « 6 r d » on t t i e " r e e n s l m u l t a r t e d u s l y , m a k i n g l o c a t i o n 
of t h e o n e VOU want much e a s i e r ( u s e PgDn amnd PgUp and t h e up and 
k e y s f o r n a V l ^ a t l S n l ! h o o v e r t h e S c r e e n i s t o o n a r r o w o s h o „ . 11 f U s f o r 
t h e r e c o r d s a t o n c e s o you h a v e t o s t r o l l t h r o u g h t h e f i e l d s h o t : . 
u s i n g r i g h t and l e f t a r r o w k e y s d f , tars t i u l e k l y , u s i n g t h e HOME and END fcfiy*.. 
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, u r s d r i t t h e b e g i n n i n g of 
t . , h B f , . „ c h o o s e t h e r e c o r d and put t h e c u r d / o r d e l e t e 

(DEL k e y t h e e n t r y < r i n i a n ai 
t o t a k e any c h a n g e s p e r n a n e n t . ^ 

v u c t k e y ) t h e e n t r y - r u u ^ . n " " 

I n s i s t s s s r . - « • • 

, t o nako i t e a s y 
a d o p t a naming c o n v e n t i o n f o r f i l e s „ 

M i t h i n - f i l e s . 1 . . . t w o c h a r a c t e r s 

« « ! r h a r s i-2 »< l , e 

c o d e s a r e l i s t e d b e l o w , 

t h i n s e c t i o n d e s c r i p t i o n s t s 

g e o l o g i c d e s c r i p t i o n s JO - , 
; c o r e a n a l y s i s " : , ; CM 

e l e c t r o n m i c r o s c o p y f 
x - r a y d i f f r a c t i o n K n 

" d a t a I t l e f o r ^ GdfkWOOd 1 p d s t 
T h u s t h e c o r e a n a l y s i s d a t a t u « 

CM + 01 + CA ' ' ,: 

W I , L M * - , , „ U S 1 . « H I I I = « • » " « ' 

1 n u m b e r , ( e . g . W E U F t . D B , : ) . . v o U ^ S a l f and 

t h e n s t a r t a new d i s k . . •• 

v : ' . , • • » • •. ' . ' ' . u h i c h a r e 
: . - ,,,.„ h i t h i s d o c u m e n t ! Mnjcn a r e 

• W o U P W W S t e o f t f o r m t o t he S t a n d a r a sp 

b e ' i n c l u d e d « v . 
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HeUj^st m m . I j J S 6 tWtt spaces • • 

S l l d ^ f K 1 , i n 5 f a ^ r , 1 f ^ , TKe . W ; . 

J f t f t i l l f r e q u i r e : b u t a l l s p a c e s must bo 

• f i l l e d , so i n c l u d e l e a d i n g z e r o s When a p p r o p r i a t e , 
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4. 
^July, 1989 

M r . MLSL D a y 
ExcculivcXafficcr 
State Energy Research Advisory Committee • • . ,, • 
Level 19 
30 Wakefield St., v • . 
ADELAIDE, S.A. 5000 

Dear Mi-. Day, 

Plcise find enclosed a revised application to SENRAOf for 1990/1991 f u n d i n g . Tlieprojef jt 
w S S f f l n a S K 5 'Porosity and permeability in Permian,sandstones: southern Cooper 
Basin . Alterttioi's to the proposed project have been made in response to a reque^f rom 
NERDDC to reduce the duration to two years with maximum funding from NER.UDU oi 
$130,000, 

To achieve the desired decreased in funding and timing it has been 
o r i g i n a l project, t h e modifications will allow the original aims to be achieved imd both 
projects^cnfaiM intimately related. Please find enclosed a copy of the revised NERDDC 
application, 

I p S | c T » i l i I m s a significant impact on fiilnrc exploration strategies. 

Thank you for considering this revised application, 
additional information immediately, 

Sincerely yours, 

! I 

W.J. Stuart 
Director 

If there are queries. I will" forward 

IMI t'Nivl.UsitvtirAlii.i.Alim • III(.nJM!i:iist'Nivi;iisiTv •Oi'KOtmi AtlSlilAUA « Il.l.l 1Mll/KiV 
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correct. 
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(2) 

<3) 

D a t e i . J a / l ^ / . ^ . v 

DateL,^.^.:,. :,,„:.,...".,. 
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CERTIFICATION OF HEAD OF ORGANISATION 

" I • " ••• 
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(b) the salar ies quo ted for pe rsonne l a r e in a c c o r d a n c e with our s tandard practice for this typo of 
project . 
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PART A: PROJECT AMD BACKGROUND INFORMATION 

1. PROJECT • •.._ . ,..• 
P r , , THE INFLUENCE OF THERMAL HISTORY AND FLUID 
P r o , e c t MIGRATION ON POROSITY AND PERMEABILITY IN -

• PERMIAN SANDSTONES: SOUTHERN COOPER BASIN 

/ 2 . ORGANISATION ... 0 

Name:......... NATIONAL CENTRE FOR PETROLEUM GEOLOGY AND 
GEOPHYSICS (NCPGG), 

Postal Add,™*. G.P.O. BOX 498 
A d e l a i d e 

SOUTH AUSTRALIA 5001 

^ P R O J E C T SUPERVISOR ; . . " 

• k m n ' , '' D R . W . J . S T U A R T ; ;••; 

Designation: D I R E C T O R 

C A PROJECT LOCATION f i 

Address : _ T H E U N I V E R S I T Y O F A D E L A I D E 

NORTI-j TERRACE 

ADELAIDE 5001 „ 

5, SUMMARY OF REQUESTED FUNDS 

YEAR 

1990 
SENRAC 

22,040 
1991 12,02d 

OTHER SOURCES 

78,000 

73,000 

6. PREVIOUS FUNDIMG _ 

Have SENRAC funds boon granted (of this or any tjthbf 
project undertaken by your organisation In the p a s t ? VES/lEff 

If YES, s t a t e project n a m e and year of most recent grant 

FACTORS RELATING TO THE DEVELOPMENT OF POROSITY AND PERMEABILITY 

J N PERMIAN SANDSTONES IN THE SOUTHERN COOPER B A S l F " ^ ^ J 9 8 9 " ,, 
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r 
'7. PROJECT DESCRIPTION AND OBJECTIVES 

(a) project Description™,....... ••• »•• » •• 

The pfbjeet is directly linked to the NBRDDG funded study of porosity and permeability u 
in Permian sandstones: southern Cooper Basin. The present study is conccrncd witli the 
irtfluencb of thermal history and fluid migration on porosity and permeability. h 

Data acquisition represents the first stage of this project. . ( .. ['"' 
i) Oxygen isotope analyses of •authigenic quartz overgrowths, kaolip and ilhtc will identify }„„ 
temperatures of crystallization for these minerals. When correlated with vitrcnite reflectance 

.... data* tlie thermal history of the southern Cooper Basin can be ascertained. Samples for this 
work have already been characterised petrographically and are available in the NCPGG. 
ii) Geochronology based on K-Ar and Rb-Sr isotope studies will be performed on samples of : 
detritill and authigenic illite. This information should provide a time framework for ; 
sedimentation in the basin and diagenetic alteration of illite. Samples selected will be the "'"' 
same as those for the oxygen isotope study. «•• u 

When results of the oxygen, K-Ar and Rb-Sr isotope studies are combined with carbonate 
- isotope data already available in the NCPGG, it will be possible to identify the sources, * 

direction and chemistry of fluid migration in the southern Cooper Basin. 

The second major stage of the project will involve interpretation* integration and. 
" presentation of the results combined with the NERDDC project. Together With the final 

report, Several papers will be submitted to journals and seminars will lie held to disseminate 
the results to industry. • • • • . . ' 

" . (b) ObJfotlVe^ I . ,1,1, i'iiill(infl i|H i»H » HmillW •..g.i-nw .... fij ill ii nil hi.',m„'M"'„".ilWH.n»,l' • » -1' fl ,' ••".•'•"•••' 

The overall aim is to identify the influence of thermal history and fluid migration on 
porosity and permeability in Permian reservoir sandstones of the southern Cooper Basin. 

- Emphasis will be placed on the Toolacheet Epsilon and Patchawarra Formations. 
Based on results from tlie initial NERDDC project, the following specific aims will be 

" addressed: 

" i) To estimate, the temperatures and timing of authigenic mineral crystallization and hence the ' 
. maximum depth of burial experienced by sediments, Tlie thermal history of the basin can be f 

determined from this information*' j • 

ii) To identify the source(s), direction and chemistry of fluid migration within the basin. 
'" This will provide a means of predicting zones of intense diagenetic alteration and possible 

diagenetic traps. 

.. iii) TO integrate tills data With the NERDDC project and disseminate results of the combined 
projects to industry via a workshop, journal papers and presentations at conferences. 
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9. OTHER SOURCES OF FUfoDS (if grant approved) 
$ (estimate) 

YEAR 1990 1991 

Organisa t ion 's own f u n d s ' 8,000 8,000 

NERDDC 65,000 65,000 

CSIRO/UNIVERSiTY OF ADELAIDE 5,000 

^ | TOTAL 78,000 73,000 J 
•Exdudo salary of Supoivlsor—«m nolo 11« 



s 0 0 2 3 
' i 

PART B: ESTIMATED PROJECT EXPENDITURE REQUESTED AS A GRANT 

1(0. SALARY AND RELATED EXPENDITURE IN THE GRANT YEAR 

(a) Project Staff : . . 

Employees* 
FUll-tlrtle 
Annual 

Salary ($) 

(I) Professionally Qualified 

Other 

Period to b e employed 
on project 

JKL 

..la. 

..10... 

...in... 

Jdu 

to 

Full-time man 
months 

equivalent 
on project 

Est imated Cost 
' $ 

Total Salary Expenditure (excluding on-cos t s ) 

(b) On-Costs 

Items 

(I) Payroll Tax 
(il) Workers Compensat ion 

(ill) superannua t ion contribution 
(lv) Holiday Pay Loading' 
(V) LOng Scrvlca Leave Allowance 
(vi) Other (Specify) 

Total Percentage of Salary 

Percen tage of 
Annual Salary 

Total On-Costs 

V<ESTIMATED TOTAL ADDITIONAL S A U R Y EXPENDITURE 

11. PLANT, EQUIPMENT.AND MATERIAL EXPENDITURE 
IN THE GRANT YEAR 

Estimated 
Date of 

Pd rchase 

E x p e n d i t u r e ^ 
include Install) 

($) 

" ~ — u l x , ' M " ' ri . . . . . i 

. •• 

ESTIMATED TOTAL EXPENDITURE ON PLANT, EQUIPMENT, MATER IALS $ J 
V 
•ExcliKIIrvfl Supflrvftof-Hioa Nolo 11. | 
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12. O T H E R EXPENDITURE IN T H E G R A N T YEAR (Details to be attached),1: 

(a) Comput ing C h a r g e s . , 

(b) Trmtnl" BETWEEN ADELAIDE & CANBERRA 

(c) O the r (Specify), 
SUBCONTRACTS (see attached sheet) 

1,000 

33,060 

V . 
ESTIMATED TOTAL O T H E R EXPENDITURE 

$ 34,060 

13, T O T A L % T I M A T E D P R O J E C T EXPENDITURE REQUESTED A S A GRANT 

C a l e n d a r Year 

C O S T ITEM. 

S a l f ^ a n d Related 
Exj! Idl turc (Item 10) 

Plants Equ ipment a n d 
Mater ia ls (Item 11) 

Other Expendi ture 
(Item 1.2) . 

I w m u 

1989 1989/90 1990/91 1992 
Dist r ibut ion by Six M o n t h s Beginning 

1 Juiyt 1 January 

1 1 , 0 2 0 

1 1 , 0 2 0 

1 July* 

11,020 

11,020 

1 januaryi 

1 1 , 0 2 0 

1 1 , 0 2 0 

1 July, 

1,000 

1,000 

1 Januaryi 
TOTAL 

$ . 

34,060 

34,060 

PART C i S U P P O R T I N G DETAILS 
S u p p o r t i n g details s h o u l d b e o n p a g e s of (he s a m e s i z e a s this fo rm, a t t ached to t h e appl ica t ion , a n d 

n u m b e r e d consecut ively . 
(MM , • • • . 



PART C: SUPPORTING DETAILS 
1. Management organisation 

ri\ The project will be managed and co-ordinated in overall concept by Dr WJ. 
Stuart (Director, NCPGG). Specialists in isotope analyses from the Australian 
National University and AMDEL will be subcontracted to process the samples and 
provide professional interpretation of the results. Mr B. Farrow (Lecturer, SAIT) and 
Dr N. Lemon (Consultant, NCPGG) will be responsible for the integration of this data 
witli diagenctic studies in the associated NERDDC project, 

2. Major stages of the project* 
Stage 1 DATA AQUISITION 
Task a 

Separation and running of oxygen isotope analyses to partially satisfy objectives i 
' and ii. Clays will be prepared for isotope work by extracting a clay-size fraction. In 
the case of illite a less than 0.02 micron fraction will ensure that only authigenic illite 
is anlaysed. For kaolin samples the isotope work can be done on <2 micron fractions. 
This clay separation work will be subcontracted to CSIRO where the most up-to-date 
equipment is available. Quartz overgrowths must be separated from detrital grains by 
etching and fracturing. 

Samples for oxygen isotope analyses will be selected from 8 Wells scattered 
across the basin( and one sample taken from cacli of the 3 formations. In total there 
will be 72 samples for oxygen isotope analyses by Dr. A. Chivas at A n U , 
Preparation time is anticipated as 6 weeks, with an additional 7 weeks to run the 
samples, Results from quartz overgrowths should then be checked against fluid 
inclusion work which is currently being undertaken by Dr.Y, Bone from the 
Department of Geology and Geophysics, at the University of Adelaide, 

Task b 
Rb-Sr isotopic analyses on the 30 illite samples prepared for oxygen isotope work 

should establish the time of crystallization, This is the only possible means of 
establishing a time framework for the diagenctic sequence. Mr. M. Fanning at ANU, 
will be responsible for :hc Rb-Sr isotopic analyses. These results will be checked by 
running K-Ar isotopic analyses on selected samples, Dr, A, Webb from AMDEL has 
agreed to run the K»Ar isotopes, In total Rb-Sr and K-Ar anlayscs should tak'c 
approximately 8 weeks, 

The results of task's a and b, combined with other data, such as vftretiite 
reflectance, will permit the completion of objectives i and ii, This interpretation may 
take considerable time and the need for additional isotopic analyses could become 
apparent. Sufficient time should be allowed for this eventuality. 

Stage 2 FINAL REPORT AND INFORMATION DISSEMINATION 
Task c 

Preparation of final report, integrating data from all subsections of the study. 
Submission of manuscripts on various aspccts of the project for journal publication. 
Presentation of results at relevant conferences and monthly meetings of PESA. 

Furthermore, a workshop will be organised, for industry and academic personnel, 
at Which the results and implications of the project can be presented, 

3. Market potential 
Information gained froni this project should be of substantial advantage to the 

petroleum industry. Factors controlling porosity and permeability, and their spatial 
distribution in the Southern Cooper Basin wilt be clearly defined, This should 
demonstrate to industry the advantages of this type of research and encourage future 
funding, 



Specific knowledge of diagenetic events in each major field of the southern 
Cpoper Basin may help to explain production problems in some areas, for example 
Moomba #3. In the past information concerning diagcnesis has been sporadic, but the 
results from tins study will provide a thorough coverage of many important fields. 

One question frequently asked during discussions with personnel from the 
petroleum industry is the timing of diagenetic events, including hydrocarbon 
migration. This question will be answered through cOmbiiicd petrographic and 
isotopic analyses. 

In the past most drilling has aimed at structural traps. Once the direction and 
nature of fluid migration across the basin caii be ascertained it may be possible to 
predict the location of diagenetic traps. 

4 Technical, economic and other benefits 
Significant benefit to industry from this projcct will be achieved by the prediction 

of favourable drilling sites, based on a knowledge of diagcnesis, sedimentology and 
structure. New plays tray,be associated with combination stratigraphic-structural and 
diagenetic traps. \ 

5 Industry links and business plan 
Co-operation with Santos and the other Cooper Basin partners was established for 

the lnitial project. Communication will be maintained with iildUStty, and the 
exchange of knowledge encouragcd. 

Links are also being formulated with other Tertiary and government institutions. 
Collaborative work with CSIRO Division of Soils to undertake clay separation and 
Australian National University for isotopic analyses will significantly enhance human 
resources applied to this project. 

6 Information dissemination ° 
The major portion of funding for this aspect of the project has been requested in 

the NERDDC grant application. Information dissemination will be actively pursued 
via reports, journal publications, and seminars. Presentations at conferences, such as 
APEA, arc another possible means of transferring information to industry which will 
be Undertaken. 

Anticipated cost of drafting and photography for papers and conferences is $4000. 
Production of final report $3000. 

A 2 dayt workshop for industry and academic personnel will be organised when 
the project is near completion. It is anticipated that at least 50 people would be 
invited to attend, with a high proportion of that total coming from industry, This 
workshop could be held in conjunction with the presentation of results on fluid 
inclusions by Dr. Y, Bone, Lectures would be designed so that the information was 
presented for specific fields, and as a whole for the southern Cooper Basin. 
Techniques involved would be dearly explained and ample time given for discussion. 
Participants would be given the opportunity to view thin sections, SEM samples, and 
XRD results, and the retrival and manipulation of the data base would be 
demonstrated so that future exploration could utilise this information, Clearly this 
type of practical experience is most successfully illustrated at a workshop. 

Anticipated costs involved with the workshop would include: 



. • . . ($) 
1. Reproduction of notes, maps and photographs @ 

$50.00/set 2,500 
2. Return air fm-es for Dr Chivas and Mr Fanning 

from ANU to present the isotope results 
(current cost $482 single return) 1,000 

3. Provision of morning and afternoon tea @ 
S2.G0/pcrson 200 

4. Printing'bf invitations 50 
5. Welcoming reception @ $12.00/person 600 

Subtotal ' % $4,350 
Total cost for information dissemination $11,350 

The only portion of costing requested from SENRAC concerning information , 
dissemination is the air fares for the isotope specialists to attend and present results at 
the workshop. 

7 Related research 
Bibliography of significant publications. 

Isotopes * general 
Eslinger, E. & Pevcar, D. (1988) Clay minerals for petroleum geologists and 

engineers, SEPM short course 22, 
Longstaffe, FJi (1983) Diagcnesis 4. Stable isotope studies of diagcnesis in 

clastic rocks. Gcoscicnce Canada 10, pp.43-58* 
Williams, D.F., Lcrche, I. & Full, W.E. (1988) Isotope chronostratigraphy: theory 

and methods, Academic press. 345p. 

Oxygen isotopes 
Ayalon, A, & Lonstaffe, F.J,:,(1988) Oxygen isotope studies of diagcnesis and 

pore-Water evolution in the Western Canada sedimentary basin: evidence from 
the Upper Cretaceous Basal Belly River Sandstone, Alberta, / Sediment, Petrol, 
58, pp.489-505. 

Eslinger, E.V., Savin, S,M, & Yeh, H-W (1979) Oxygen isotope gcothermomctry of 
diagcnctically altered shales. In P.A. Scholle & P.R.Schlugcr (Eds.) Aspects of 
diagcnesis. Soc. Eco. Paleqn, Mineral, Spec. Pub, 26, pp. 113-124. 

Eslinger, E,V» & Yeh, H-W. (1986) Oxygen and hydrogen isotope geochemistry of 
Cretaceous bentonites and shales from the Disturbed Belt, Montana. Geochim, 
Cosmochinu Acta 50, pp.59-68. 

Land, L.S, (1084) Frio Sandstone diagcnesis, Texas Gulf Coast, A regional isotopic 
study. In D.A. McDonald & R,C. Siirdam (Eds) Clastic diagcnesis, A.A.P.G. 
Man. 37, pp.47-62. 

Lee, M, & Savin, S.M. (1985) Isolation of diagenetic overgrowths on quartz sand 
grains for oxygen isotopic analysis. Geochhn, Cosmocltint, ActaA9i pp497*501, 

Longstaffe, F.J, (1984) Tlie role of meteoric Water in diagcnesis of Shallow 
Sandstones: Stable isotope studies of the Milk River aquifer and gas pool, 
southeastern Alberta. In D.S. Mcdonald & R.C. Siirdam (Eds) Clastic diageiicsis 
A.A.P.G. Mem. 37, pp. 81-98. 

Longstaffe, F.J, (1986) Oxygen isotope studies of diagcnesis in the Basal Belly 
River Sandstone, Pembina I-Fool, Alberta. J, Sediment, Petrol. 56, pp.78-88. 

Yeh, H-W, & Saviii, S.M, (1977) Mechanism of burial mctamorphism of argillaecous 
sediments: 3.0-isotope evidence. GeoU Soil. Amcr, Bull, 88, pp.1321-1330. 



0028 
4 

II 
Rb-Sr and K-Ar isotopes . . ,. ... 
Aronson, J.L, & Howcr, I (1976) Mechanism of burial metamorphismot argillaceous 

sediment: 2. Radiogenic argon evidence. Geol. Soc. Am. Bull, 87, pp.738-744. 
Aronson, J.L. & Lee, M. (1986) K/Ar liystcmatics of bcntonite and shale in a contact 

metamorphic zone, Ccrrillos, New Mexico. Clays & Clay Min, 34, pp.483-487. 
Bonhomme, M.G. (1982) The use of Rb-Sr and K-Ar dating methods as a strati-

graphic tool applied to sedimentary rocks and minerals. Precambrian Research, 
18,pp.5-25. " .... , , n , o 

Bonhomme, M.G. (1987) Type of sampling and comparison between K-Ar and kb-br 
isotopic dating of fine fractions from sediments in attempt to date young 
diagenctic events. Chem. Geol. 65, pp.209-222. • / 

Clauer, N. (1979) A new approach to Rb-Sr dating of sedimentary rocks. In 
E. Jager & J.C. Hunzikcr (Eds) Lectures in isotope geology. Springer Verlag. 

Glasmann,~J.R., Larter, S., Bricdis, N.A. & Lundegard, P.D. (1989) Shale diagenesis 
in the Bergen High area, North Sea. Clays & Clay Min. 37, pp.97-112. 

I-lower, J., Hurley, P.M., Pinson, W.H. & Fairbairn, H.W. (1963) The dependence of 
K-Ar age on the mineralogy of various particle size ranges in a shale. 
Geocltiiu, Cosmochim. Acta 27, pp.405-410. • , 

Lee, M., Aronson, J.L. & Savin, S.M. (1985) K/Ar dating of time of gas emplace-
ment in Rotliegendes Sandstone, Netherlands. AA.P.G, Bull. 69, pp. lJSl- lJ to . 

Liewig, N., Clauer, N. & Sommcr, F. (1987) Rb-Sr and K-Ar dating of clay 
diagenesis in Jurassic sandstone soil reservoir, North Sea. A.A.P,G, Bull, / l , 
p p , 1 4 6 7 - 1 4 7 4 . . 

Morton, J.P. (1985a) Rb-Sr evidence for punctuated lllite/smcctitc diagenCsis 
in the Oligoccne Frio Formation, Texas Gulf Coast. A.A.P.G. Bull. 96, 
p p . 1 1 4 - 1 2 2 . . , , . j j 

Morton, J.P. (1985b) Rb-Sr dating of diagnosis and source age of clays m Upper 
Devonian black shales of Texas. A.A.P.G, Bull 96, pi)l043-1049. _ 

Perry, E.A, (1974) Diagenesis and the K-Ar dating of shales and clay minerals. 
AA.P.G, Bull, 85, pp.827-830, . . •;, . 

Perry, E. A. & Turekiah, K.K. (1974) The effects of diagenesis on the redistnbulion of 
strontium isotopes in shales. Geochim. Cosmochim. Acta 38, pp,929-935. 

Thomas, M, (1986) Diagenctic sequences and K/Ar dating in Jurassic sandstones, 
Central Viking Grabcn: effects on reservoir properties. Clay Mm. 21, pp.695-/1U( 

utilised to great advantage elsewhere (e.g. Lee ct al 1985) and since the technology is 
available in Australia these techniques should be applied for the benefit of the 
petroleum industry. 

8 Progress with current grant i; 

a) Expected total expenditure ort currcnt grant by scheduled completion date is 

iS low ancl dictate is present .miner man KUUIIIIHC* UI U SIJJIIMWMIUMWUI™ 
autogenic minerals are absent. Pine grained shoreline sands also have good poroSity 
and permeability where silicification is minimal. 
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P° f
ros i ty ' f b e c » partially preserved in some coarscr clastics due to the 

introduciion of an early quartz cement. Quartz overgrowths acted as a rieid 
framework to resist the effects of compaction. Secondary porosity is of importance 
S o l v e d C ° m p 0 n C n t S ( r o C k f o m e n t s , feldspars and carbonates) haveTen 

mi,d Pcn.nea!3iI,ity ilrP significantly reduced by detrital illite in fine grained 
flood plain and ovcrbank deposits. Kaolinite formed due to the alteration of K-
teldspars and micas, and is the dominant kaolin mineral in finer grained clastics. 
uickite precipitated from solution in coarser grained materials and is associated with 
h glii microporosity. Where microporosity is abundant sandstones provide targets for 
gas exploration when artificially or naturally fractured. Results indicate that total 
porosity Values derived from petrophysical calculations arc likely to overestimate 
effective porosity in rocks with a high proportion of kaolin minerals. 

iv. Distribution of aUthigcnic minerals is pardally depth related. PyrophylJite and 
il S C ,H C

n n n o a t ' 1 1 1 r C C n t r a ! Nappamerri Trough. The abundance of authigenic 
illite (less than 2 micron fraction) increases with dcoth in the Big Lake Field and 

wr'~.UM"v}aiw! ,w> r 1 VU,UWK?5 formation,• snow mat a proportion of the ctuartz 
overgrowths developed prior to significant compaction arid therefore arc a relatively 
S E Precipitation of quartz overgrowths probably continued through several 
™ P j ' f f " o f diagcnesis including the kaolinisation of feldspars and micas. In other 
areas, and liner grained rocks, where compaction occurred prior to precipitation of 
overgrowths, intense mtergranular dissolution is abundant. Overgrowths were 

™ n y Sraiticd rocks by the present of dctrial illite. Feldspars and 
micas were altered to kaolinite, liberating Si for the precipitation of quartz 
overgrowths; as the supply of Si decreased dickitc was precipitated. Thus dickife 
formation postdates that of kaolinite,, Alkaline conditions prevailed after the 
o ° " ™ I 0 n . . g C c u h c d r a l 9J««Wz overgrowths causing their partial dissolution. 
i P ^ ? r ' ° ? , a t C S T r c Possiblyprcciphated during this period. 'Compositional 
S A . H ' 0 ?n$ I? t

n B l c s ^ t h o u g h t to be related to the chemistry 6f migrating 
l l h l ? s P r ° ^ b l y foiled during periods of deeper burial When 

/smectite, kaolinite and K-fcldspars were altered. The final diagenetic events are 
depth a.id temperature related, with the formation of clinochlorc IIB and pyrophvllitc 
cold c H t c 0 n c a r b c n n l c s i n d i c a t c s t h c i n n u c , l c c ot meteoric Waters an^ a ' 

Extent to which the originnl objectives have been aciiir.urH' 

estimation1115 ° f n U ' " b C r ° f W° I IS s n m p I c d t h c P r oJ c c t lias exceeded the original 

n ,:,di'?2cn
1

cii,c factors controlling porosity, and permeability liaVe been identified, 
and their relationships to sedimentary facics assessed, 

been e x a m i S ^ ' ' ' 1 8 C n C m t e d f r 0 n 1 c a r l i e r c x P I o r a t i o n a , , d development drilling has 

q u a m y t ' ^ p r o S e s f ** p r o p o r t i o n o f d i ! l S c n c t i c >n creating reservoirs of poor 

d) Difficulties encountered have been minimnl 

i t r f n f f i ! ! ^ ^ " h a? a C 0 1 , s t r / l i n t wl"'ch Will not permit full utilisation of tlie data base and construction of dragetietic maps. 
c) Reasons why further support is considered necessmv. 



Results from the initial project are considered very promising, yet they Can hot be 
utilised by industry to their full potential without additional Work, The initial project 
has clearly illustrated what,additional information is required, personnel and 
equipment are available to continue the project, the background research has been 
thoroughly undertaken and even the samples in many instances arc already available, 
Given sufficient time and resources to complete all the research outlined in this 
application, the potential predictive information concerning future drilling sites arid 
secondary recovery from existing wells will be of vital economic assistance to the 
petroleum industry, 

9. Sub-contracted Work Expenditure 

Amdel has been chosen for the K-Ar dating because of the high standard of Work 
produced by Alan Webb; It is not possible to undertake these analyses in the 
University, The rate of $550 per sample is a commercially acceptable figure. 

Oxygen isotope facilities are not available anywhere in South Australia arid rather 
than try to set Up facilities here it Was decided to subcontract tho work. The price of 
$150/sample is very reasonable, considering other organisations are Charging $200. 
Dr Allati Chivas has considerable experience in oxygen isotope Work, in particular he 
has worked on soils which are, similar to tiie clay extracts and quarts which are 
intended for anlayses in this project, 

Rb-Sr isotope analyses on illites are probably the most difficult to obtain accurate 
results because of small sample size and problems of contamination, For these 
reasons it is essehtial that this work be done using a multiple collector mass 
spectrometer, The ANU laboratory has lower contamination than any other 
laboratory in Australia because it is new, and the mass spectrometer is Capable of 
producing high precision results on small samples. The very low price of 
$340/samplc has been extended to the NCPGG as an indication of genuine interest in 
the success of this project, 

The mineralogy section of the CSIRO Division of SoilS has been Chosen to 
separate the clay fractions because of its expertise in clay analyses, 

Please find attached documentary evidence from each subcontractor of the prices 
used in estimating costs. 

Name of 
contractor Brief description Cost 

AMDEI. K-Ar DATING @ $550/SAMPLE 

OXYGEN ISOTOPES @ $150/SAMPLE 

Rb-Sr ISOTOPES @ $340/SAMPLE 

SEPARATION OF CLAY FRACTIONS 
@ $10/SAMPLE 

11,520 

10,800 

10,200 

ANU 

ANU 

CSIRO 
540 

TOTAL $33,060 
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t echno logy and en terpr i se ' 

19 April 1989 

Amdol Limited 
( Incorporated in s A ) 
31 F l c m i n g t o n St ree t , 
Frewville, S.A. 5063 

T e l e p h o n e ; (08) 3 7 2 ^ 7 0 0 
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P.O. Box 114, 
E a s t w o o d , S.A. 5 0 6 3 

Telex: AA82520 
Facsimile: (08) 79 6623 

Dr W d S t u a r t 

G P O ^ J m m " 1 * 6 ^ P e t , " o l 2 U m G e o l ° 9 y & Geophysics 
ADELAIDE SA 5000 

2 1 APR 198& 

Dear Dr. S t u a r t , 

.QUOTATION FOR K-Ar fiFnr.HRr.unt nsv 

c h a r q e s ° f o r 'k Ar " a Z u t V M s > S> P h i l l i P s > I wish to advise 
2 n 5 c w i r f b e " 2 f o l l i w s " : l 0 9 y ' ° n S 3 m p 1 e S ° f I l l i t e P ^ 3 ^ 

t h a t our 
by your 

Unti l 30 dune 1989 
A f t e r 30 June 1989 

$480 per sample 
$550 per sample. 

In a d d i t i o n , our charges f o r r ou t i ne core ana lys i s are : 

S t r a c f i J J ' 1 " 9 P l U g t > i i n i , T , ' i n 9 $5.00 

I S S a i e f g J S E s i ^ 3 " d a i r P ^ - ^ b i l i t y s l i . 'oo 

Total per plug $70.00 

^ We look forward to being of a s s i s t a n c e to you i n t h i s mat te r . 

Yours s i n c e r e l y , > 4 

fila io 
Alan W Webb 
Seni o r ; Gebchronologi s t 
Geological Serv ices 

AWW/bp 

Cllicos i h aydnay. Mo,bourne. Perth, Brians, c n b * , . , barwln, Townsvillo, Heprcsomod world-wide 
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RESEARCH SCHOOL OF EARTH SCIENCES 
THE AUSTRALIAN NATIONAL UNIVERSITY 
iN'stlTUTK Ol» AUVAHClsO studies . G.t'.O. BOX* ,1, CANUElUlA Act iettl 

Tfit) t)i"i2,.(!) Mltfl ' TliLliX btm 'MX062 ifWi) : 

26 April, 1989 

D r W J Stuart • 
Director 
National Centre for Petroleum Geology and Geophysics 
GPO Box 498 
Adelaide SA 5001 

Dear Bill 

I write in confirmation of a verbal agreement between Mark Fanning of RSES and Sally 
Phillips of the National Centre forPGG to the effect that RSES (Mark Fanning) is willing 
to cany out Rb-Sr analyses of thirty illite samples prepared by Sally Phillips at accost of 
$340 per sample. Included in this cost is an interpretation of the Rb-Sr systemaucs in the 
Context Of the overall data concerning the clay genesis, 

'Vvxiirc cinr»f»rf»1\r 

Malcolm McCullbch. 

/ 
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The Australian National University 
Research School of Earth Sciences 

GPO Box 4, Canberra 2601, AUSTRALIA 
Telephone (062) 49 3406 Fax (062) 49 0738 Telex AA 62693 

This is to confirm our willingness to undertake oxygen-isotope analyses of quartz and 
clay mineral separates for your proposed research project. I understand that analysis of 
up to 72 samples Will be required, Our standard fee for this kind of work, involving 
oxygen extractionusing bromine pentafluoride and mass spectrometric analysis of tlie 
extracted gas, is $150 per sample. Approximately 10 to 15mg of each sample will be . 
required. 

Dr Bill Stewart 
Director 

Fax No.: (08) 224 0464 

From; Allan R, Chivas 
Group Leader 
Environmental Geochemistry Group, 

Date : 19 April, 1989 
No. of pages: 1 

Dear Bill 

Allan R. Chivas 



FROM CSIRO SOILS FIT.EI,ME ... " - < 1 " " • • • Q 0 3 4 

AUOTnALIA. 

Div i s ion of So i l s d ya M64 

11-7-89 

The Urtiveirsity of Adelaide 
•J! — -w. ' ^ I I J A o i j "' GPO BOX 498 
ADELAIDE 5000 

C X M S a n a l y s e s , CBC K particle 8±ze separations, XttT£> an 
, h w e r e q u e s t e d a s f o l l o w s ! 

We w i l l u p t a k e t h e a n a l y s e s y o u h a v e r o q u 

$ 2 f 0 0 0 
2 0 0 c o r e a n d d i t c h d d t t i n g s 

s e p a r a t i o n o f < c l a y f r a c t i o n 0 $ 1 0 

2 . m a j o r e l e w s n t a n a l y s e s b y X R F S o f < $ 6 , 0 0 0 

c l a y f r a c t i o n s @ $ 3 U 

C E C d e t e r m i n a t i o n s o f 1 1 4 s e l e c t e d < ^ ^ 

c l a y f r a c t i o n s & $ 1 5 
3 

T O T A t t 

v o u r o riinderaly 

$9,710 

^ n i o ^ f i n c i p ^ l R o - ^ h S c i c n t i c t 
S e S o f M i n e r a l o g y G r o u p 

a o a n A U I I 
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CERTIFICATION OF CHIEF INVESTlGATOR(S) 

I/We certify that the Information given In this 
correcti 

(1) ...:„. 

application including any a t t achments here to 
Is true a n d ' 

(2) 

<3) : 

Date: 

Date:.. . 

Date:, 

CERTIFICATION OF HEAD OF ORGANISATION 

- being tho duly appointed Head 61 the organisat ion, declare that: 

( e project a s p roposed is a c c e P t a b , e to ^ o r g a n i s a t i o n : and 

« J - M W - . u o t e d for pe r sonne i are ,n a c c o r d a n c e with our s tandard practice for t , s type 0 f 

Signature: 

Designation:, 
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PART A: PROJECT AND BACKGROUND INFORMATION 

1. P R O J E C T ~ •• 
P r o j e c t Title:. P 0 R 0 S I T Y A N P PERMEABILITY IN PERMIAN SANDSTONES: j 

SOUTHERN COOPER BASIN I """ 

f 2 . ORGANISATION ' ' ; 
Name:.. . NATIONAL CENTRE FOR PETROLEUM GEOLOGY A N D GEOPHYSICS. (NCPGG) j 

P o s t a l Address:... G.P.O. BOX 498 

ADELAIDE • 

SOUTH AUSTRALIA 5 0 0 1 ; 

3. P R O J E C T SUPERVISOR 

Namn: DR. W.J. STUART j 

Designation! DIRECTOR 

M T P R O J E C T LOCATION " " 

Address: THE UNIVERSITY OF ADELAIDE 

... NORTH TERRACE 

ADELAIDE 5001 

5, SUMMARV OF REQUESTED FUNDS 

YEAR 

1990 

• u 1991 

1992 

S E N R A C 
1 5 , 8 3 9 '• 

5 1 , 9 0 8 

,9,618 

OTHER S O U R C E S 

9 5 , 2 8 3 j 

4 6 , 4 6 3 

4 9 , 1 2 6 

YESVNO 

6. PREVIOUS FUNDING 

H a v e SENRAC f u n d s b e e n gran ted (or this or any o t h e r 
project Under taken by you r organlsa l lon In tho p a s t ? 

II YES, s t a t e project n a m e find yea r of moM recent g r a n t 

FACTORS RELATING TO THE DEVELOPMENT O F POROSITY A N D 

J E R M J A H J L I T Y INI PERMlAfci.SANDSTONES IN T H E SOUTHERN r r t n r f e r t WASIM V A < „ . 1 0 8 9 
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' 7 , P R O J E C T D E S C R I P T I O N A N D O B J E C T I V E S 

PROJECT DESCRIPTION) . , . • , . , . . . 
Data acquisition represents the first stage of this project. Cathodoluminesccncc (CL) will bo 
used (samples already held by NCPGG) to accurately determine tlie degree of silicification in 

' reservoir sandstones, Clay fractions will bo separated from samples and analysed by XRD 
tind XRF to semiqiianti la lively determine the relative proportions of kaolin and illite, Based 
on this data maps will be constructed demonstrating the distribution of authigenic silica and 

I Clays. S a m p l e s of core, for w l i i c l r m i n e r a l o g l c a l d a U l lias a l r e a d y b e e n o b i a i n o d , w i l l bo 
placed in a gamma ray spectrometer and intensities of p o t a s s i u m ^ Uiorium-232 and 

• uranium-238 measured, Tliis data can then be compared with gamma ray logs to assess the 
relationship between petrophysical and mincralogicnl data, A coliaboratory project witli 

' CSIRO Will determine Whether shales between reservoir sandstones contain smcctito. Shale 
samples Will bo pnalysed by XRD, SEM and transmission clcctron microscopy (TEM), These 

' combined techniques permit full characterisation of clay minerals and die possible conversion 
. of smectite to illite with depth. Core and cuttings will bo logged, sampled and core plugs 

token where necossar/ from tlie Daralingio, Dullingari, Delia and Mudcra Fields. Samples 
Will be studied in thin Section, by XRD, CL and SEM to'asccriain the diagenetic history. 
Results Will bo stored in the data base for correlation with other dnta, Oxygen isotope. 

" analyses on authigenic quartz overgrowths, kaolin and illite will identify temperatures of, 
crystallization for these minerals, When correlated with vitrenito rcflectancc data, the thermal 
history of tho southern Cooper Basin Can be ascertained, Geochronology based on K-Ar and 

* ftbiStiSQlope studies Will bo performed on samples or dctrital and authigenic illite. This ^ 
Information should provide a time framework for sedimentation in the basin and diagonotic 

- alteration of illite. When results or the oxygen, K-Ar'and Rb-Sr isotope studies are combined 
widi Carbonate isotope data already available in tho NCPGG, it will bo possible to identify the ^ 

" -sources* direction and chemistry of fluid migration in the southern Cooper Basin, , • 
The second major stage of the project will involve interpretation, integration and ; 

presentation of tho results, Together with the final report, several papers will bo submitted to j 
journals and seminars Will bo held to disseminate tho results to industry, . { 

— f t e t o t t controiiing porosity and permeability in Permian j 
i - reservoir sandstones of the southern Cooper Basin, Emphasis will bo placed on die 

Toolachee, Epsilon and Patchawarra Formations. Based on results from the initial project, Uio ̂  
"" following specific objectives will bo addressed: 

1990 , , U 
""* i) To construct diagenetic maps illustrating ilio degree or silicification and roltUivc 
.... proportions of clay minerals in Permian sandstones, These maps will bo vital to predicting ... 

zones with good porosity nnd permeability, , i . , . 
"•» ii) T o test thc relationships between gamma ray spectra and mineraloglcal/pctro-physical 

parameters. If tho natural gamma ray spectral log could bo shown to be a Useful interpretative ^ 
" " tool then it would lower tlio tincertainlics in formation evaluation for hydrocarbon reserve 

estimation and provide additional information for geological and petrophysical analysis, ( 

Ill) To dctennine whether silica in quartz overgrowths Was derived from the transformation of. 
stneciiic to Illite in adjacent shale units and is a function of depth, This is important to 
predicting whether deeper drilling is rcasible in the southern Cooper Basin. 
1991 . " 
Vl) T o utilise and expand the existing data base by pursuing diagenetic, scdlmcntologicaland ^ 
structural studies in fields where more Information is required to gain a better undcrsuindmg 
6f the Spatial controls on porosity and permeability, , , 

""" v) T o estimate temperatures and liming of authigenic mineral Crystallization and hence the • 
maximum depth of burial experienced by sediment-!. Tlie thermal history of tlie basin can be t 
determined f r o m this Information, . . . , , , , , . » 
vl) T o identify the sotirce(s), direction and chemistry or fluid migration wiiluti the basin. 

' This will provide a means of predicting zotles of Intense diagnclic alteration and possible 
"""d lagenc t ie traps, ' 

1992 ' 
" vli) T o disseminate results of the projcct to Industry via a Workshop, journal papers and 
- ' presentations ntconferences . 
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0. CHIEF INVESTIGATOR(S) ' 

' • • df. • 
P R O J E C T SUPERVISOR 

OTHER INVESTIGATORS 
' • • df. • 

P R O J E C T SUPERVISOR 
• .3)• • 

N a m e W.J.STIJART! B.B. FARROW! N.M. LEMON' 

Des igna t ion DIRECTOR! LECTURER! CONSULTANT! 

Qual i f ica t ions B.Se<,'M,Sc., Ph.D.! B . S c . , M . S c . , , - B.SC.(Hons), Ph.D.' Qual i f ica t ions 

B u s i n e s s 
A d d r e s s , NCPGG'; , .' S AIT; 1 \ NCPGG! 

G.P.O. BOX 498 P.O. BOX 11 G.P.O. BOX 498 

ADELAIDE! INGLE FARM' , n ADELAIDE! 

S.A,5001 1 S.A. 5098 S.A. 5001i • 

T e l e p h o n e Not 

A v e r a g e No. of 
d a y s p e r month 
to b e devo ted 
to p r o j e c t 

P r o l o n g e d 
a b s e n c e s 
within t h e 
d u r a t i o n of the 
p r o j e c t . 

(08) 228 5493 (08) 343 3070 (08) 228 5323 T e l e p h o n e Not 

A v e r a g e No. of 
d a y s p e r month 
to b e devo ted 
to p r o j e c t 

P r o l o n g e d 
a b s e n c e s 
within t h e 
d u r a t i o n of the 
p r o j e c t . 

•'„•:.$•!•. . • • ' T .- .. 

T e l e p h o n e Not 

A v e r a g e No. of 
d a y s p e r month 
to b e devo ted 
to p r o j e c t 

P r o l o n g e d 
a b s e n c e s 
within t h e 
d u r a t i o n of the 
p r o j e c t . 

T e l e p h o n e Not 

A v e r a g e No. of 
d a y s p e r month 
to b e devo ted 
to p r o j e c t 

P r o l o n g e d 
a b s e n c e s 
within t h e 
d u r a t i o n of the 
p r o j e c t . 

„„-„•,,„.,.,?,, -

T e l e p h o n e Not 

A v e r a g e No. of 
d a y s p e r month 
to b e devo ted 
to p r o j e c t 

P r o l o n g e d 
a b s e n c e s 
within t h e 
d u r a t i o n of the 
p r o j e c t . 

{{ ® 

V 

{{ ® 

" V 

jt 1 . . 1 " - , ' j — — — - — 1 

9. OTHER S O U R C E S OF F U N D S (II g ran t approved) 

$ (est imate) 

YEAR 1990 1991 1992 
O r g a n i s a t i o n ' s o w n f u n d s ' 8,000 8,000 8,000 

•;KfiftbOCJ.';T .... , ... 85,323 46.463 49,126 

CSIRO/UNIVERSITV OF ADELAIDE 9,960 

tfciWi) 

9,960 

tfciWi) 

9,960 

tfciWi) 

s^. TOTAL " 103, 54,463 . 57,126 j 
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PARt B: ESTIMATED PROJECT EXPENDITURE REQUESTED AS A GRANT 

A 
10. SALARY AND RELATED EXPENDITURE IN THE GRANT YEAR 

(a) P ro jec t Staff 

Employees 4 

(I) Profess iona l ly Qualified 

O the r 

' Full-time 
Annual 

Salary ($) 

(b) O n - C o s t s 

I tems 

(I) Payroll T a x 
(II) W o r k e r s C o m p e n s a t i o n 

(ill) S u p e r a n n u a t i o n Contribution 
(iv) Holiday Pay Loading 
(v) Long Serv ice Leave Allowance 

(Vi) O the r (Specify) 

Tota l P e r c e n t a g e o t Salary 

Pe r iod to b e e m p l o y e d 
o n p ro jec t 

„tcu 

...to... 

...la.,. 

Jo . . . 

t o 

Full-time m a n 
m o n t h s 

equ iva len t 
on p ro j ec t 

E s t i m a t e d Cost 
: . . S 

Total Salary E x p e n d i t u r e (excluding on -cos t s ) , 

P e r c e n t a g e of 
Annual Salary 

Tota l O n - C o s t s 

ESTIMATED TOTAL ADDITIONAL SALARY EXPENDITURE 

^ 11 PLANT, EQUIPMENT AND MATERIAL EXPENDITURE 
' IN THE GRANT YEAR 

Es t ima ted 
b a t e of 

P u r c h a s e 

Expend i t u r e 
i nc lude Inbtall.) 

. ($) 

THIN S F d i n t f PREPARATION (DEPT. GEOL. & GEOPIiYSlCS) 
7 » 5 0 0 

xiop ftp c p M FOUIPMENT (UNIV. O F A D E L A W E L 
6 , 0 0 0 : 

1 i * n n r v p n ft XF.F (PRPT. GEOL. & GEOPHYSICS) „. 
5 . 0 0 0 

.I...........," 

t ATIOP A T n R Y R Q t n P M E N T . CHEMICALS, FILM FOR i S E M L . . l . 
6 , 7 4 5 

C L A N D T.S. WORK 

TriTAt FXPENDITURE ON PLANT, EQUIPMENT, MATERIALS $ 2 5 , 2 4 5 J 

'Excluding 6uporvi»or—«<H> NOW 11. 
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12. OTHER EXPENDITURE IN THE G R A N T YEAR (Details to b e a t t ached) 

(a) Compu t ing C h a r g e s • ......,..> 

BETWEEN ADELAIDE & CANBERRA * 

(b) Tfn\/p| ' BETWEEN S A I T & NCPGG . ). 

INFORMATION DISSEMINATION! 
(c) Other (Speci(y).,, SUBCONTRACTS , l„. 

HIRE O F TECHNICAL ASSISTANT . 

2,800; 

.11,350' 
37.520, 

450 

'ESTIMATED TOTAL OTHER EXPENDITURE $ 52,120 i 

13. TOTAL ESTIMATED P R O J E C T EXPENDITURE R E Q U E S T E D AS A GRANT 

C a l e n d a r Year 1989 . 1989/90 1990/91 1992 
TOTAL 

$ 
C O S T ITEM 

Distribution by Six Mon ths Beginning TOTAL 
$ 

C O S T ITEM .1 July 1 January 1 July, 1 Januaiy, 1 Juiy 1 January 
TOTAL 

$ 

Sa la ry a n d Rela ted 
Expend i tu re (Item 10) A .., .....,, 

P lant , Equ ipmen t and 
Mater ia ls (item 11) 

12,623 6,311' 6,311: 
d' 

25,245 

O t h e r Expend i tu re 
(Item 12) 

1,608 1,608 19,643 19,643 9,618 52,120 

^ TOTAL 14,231 7,919 25,954 19,643 9,618 77,365 
y 

PART C: SUPPORTING DETAILS 

Suppor t i ng deta i ls shou ld b e o n p a g e s of the s a m e s ize a s th is form, a t t a ched to tho appl icat ion, a n d 
n u m b e r e d consecut ive ly . • : / / 
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PART G: SUPPORTING DETAILS 
3i\ Management organisation „ f. 

7 The project will be managed and co-ordinated in overall concept by Dr WJ. 
Stllart (Director, NCPGG). Mr B. Farrow (Lecturer, SAIT) will supervise the 
operation and interpretation of data from the gamma ray spectrometer, the 
manipulaUon of results stored in the data base and integration with wireline log 
information. Dr N. Lemon (Consultant, NCPGG) is responsible for sedimentolotncal 
interpretation, basin analysis and the supervision of students working on topics related 
to the project. 

2. Major stages of the project, 
Stage 1 DATA AQUISITION 

o f • ^ Selection and processing of core samples, by gamma ray spectrometry. Natural 
o {V / - , _ gamma ray spectral logs (NGS) yield information on the re lat ive abundances of the 
; L M naturally occurring radionuclides potassium-40, thor um-232 and uranium-238. The 
? 1 proportions of these elements reflect the clay mineralogy which is intimately 

associated with rock permeability and diagenesis. Chymineralogical descriptions are 
available from the initial phase of this project and so inie.prctation o f r e s u te f r o m the 
gamma ray spectrometer can be relatively quickly assessed. Apparatus for tow level 

j rf ^ camma ray spectrometry has recently been assembled at the South Australian Institute 
V ofTcchnology. Tests have shown reliable results from drill core samples of between 

l a n d S kUoSms.whcn counted for a period of24to48hours . Thus hree to four 
( P V ^ V ' i S T p e r Week may be processed. A maxiniuITonOO samples will be runimUnUy 

ft ^ ^ 0 allow suitable statistical analyses. A part-time technical ass i s ant i s rcqmred to 
V«J< y p load and unload the samples, so that Mr Farrow can process data. At 3-4] s a m p l e s per 

^ V - A week it will take approximately 28 weeks to process 100 samples. An addi ional 
4o period of approximately 10 weeks is required to Interpret and compare the data to 

ĴJV1 wireline logs. This work should complete objective n of the project. 

^Collaborat ive work with CSIRO to determine whether smectite to illite i 
transformation has occurred in shale units between the reservoir sandstones This 
requires XRD, SEM, and TEM analyses and will be equitably divided between the 
NCPGG and CSIRO. Once the less than 2 micron fraction has been separated lrom 
q0 samples, the clays can be prepared as oriented samples for XRD and scchmcntcd 

, dhtoTEM grids. SEM work can be undertaken on freshly fractured chips. Estimated 
{ .time framework to complete this task (which corresponds to objective in) is as 

2wceks to separate the clay fraction for XRD and TEM. A part-time technical 
assistant should be employed to assist with this sample preparation. 
3 weeks running and interpreting clay mineralogy. 
Depending on availability of machine time the SEM and TEM work will take 
approximately 3 weeks. 

T a S To construct maps showing relative proportions of kaolin and illite in each 
reservoir sandstone at least 50 samples from each formation would be analysed. 
Samples foAhis work are already available in the NCPGG. A technical assistan 
wo Id separate clay fractions frOm the rocks and prepare them to be run as onen ed 
XRD samples and forXRF (X-ray flourcsccnce)., Chemistry identifiedby the, latter 
technique would allow a semiquantitative estimation of the proportions of clay 
minerals. Approximate time framework required to complete this task, 

drafting of maps, 2 weeks. 

ii 
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Task d 
{;,':;> GL work on 50 samples from each formation to construct maps showing the 
degree of silicification, Samples for this work are already in house and data can be 
combined with student results from additional fields (Task e). Once polished thin 
sections have been made (7 weeks) and photographed (5 weeks), the photographs can 
be measured and an estimate of the degree of silicification obtained (4 weeks). 
Compilation and drafting of maps will'probably take 2 weeks. 

Completion of task's c and d will achieve objective i, .» 

Task e 
Supervision of Masters and Honours students in the NCPGG who will undertake 

thesis work involving petrographies sedimentological and structural descriptions of 
Permian reservoirs in the Dullingari, Daralingie, Delia and, Mudera Fields, This work 
can not commence until the students have finished their course requirements. Once 

^ cross plots from wireline log data have been constructed, core and ditch cuttings will 
be described and sampled. Samples will be analysed by XRD, SEM, GL and in thin 
secdon. Results will be entered into the data base where they can be utilised in 
conjunction with existing data fo correlate factors controlling porosity and 
permeability, The completion of this task should satisfy objective vi. 

" Taskf •;. •./.': ' 
Separation and running of oxygen isotope analyses to partially satisfy objectives Vi 

and vi, Clays separated in tctskc will be furthcr:prcpared for isotope work by 
extracting o less than 0,02 micron fraction to ensure that the illite is authigenic, For 
kaolin samples the isotope work can be done on <2 micron fractions, Quartz 
overgrowths must be separated from detrital grains by etching and fracturing, 
Samples will be selected from 8 wells scattered across the basiii, and one sample 
taken from each of the 3 formations. In total there will be 72 samples for oxygen 
isotope analyses, Preparation time'is anticipated as 6 weeks, with an additional 7 
weeks to run the samples. Results from quartz overgrowths should then be chcckcd 
against fluid inclusion work, 

Tasks ... . <• _ • • , " ' 
Rb-Sr isotopic analyses on the 30 illite samples prepared for oxygen isotope Work 

should establish the time of crystallization, These results will be checked by running 
K-Ar isotopic analyses on selected samples. In total Rb-Sr and K-Ar nnlayses should 
take approximately 8 weeks, 

Thfc results of task's f and g. Combined- with other data, such as vitrenitc 
reflectance, will permit the Completion of objectives V and vi. This interpretation may 
take considerable time and the need for additional isotopic analyses could bccome 
apparent. Sufficient time should be allowed for this eventuality.-" 

Stage 2 FINAL REPORT AND INFORMATION DISSEMINATION 
Task It 

Preparation of final report, integrating data from all subsections of the study, 
Submission of manuscript!: on various aspects of the projcct for journal publication. 
Presentation of results at relevant conferences and monthly meetings of PESA, 

Furthermore, a workshop will be organised, for industry and academic personnel, 
at which thc results and implications of the projcct can be presented. 

3. Market potential 
Information gained frorii this projcct should be of substantial advantage to the . 

petroleum industry, Factors controlling porosity tind permeability, and their spatial 
distribution it! the southern Cooper Basin will be clearly defined. This Should 
demonstrate to industry the Advantages of this type of research and cncouragc future 
funding. 
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Diagenetic maps illustrating high and low concentrations of authigenic silica and 
clays WiU be useful in predicting the location of zones with good reservoir potential. 
This information will; be further augmented by a knowledge of the source of silica. If 
smectite is being converted to illite in the shale units, with a consequent release of 

'"siHcBftheirsandstoniwIfi^^ Sfiales are more-limy'.to be 
cemented. 

Specific knowledge of diagenetic events in each major field of the southern 
Cooper Basin may help to explain production problems in some areas, for example 
Moomba#3. In the past information concerning diagcnesis has been sporadic, but the 
results from this study will provide a thorough coverage of many important fields, 

O n e q u e s t i o n f r e q u e n t l y asked1 d u r i n g d i s c u s s i o n s w i t h p e r s o n n e l f r o m t h e 
p e t r o l e u m i n d u s t r y i s t h e t i m i n g o f d i a g e n e t i c e v e n t s , i n c l u d i n g h y d r o c a r b o n 
m i g r a t i o n . T h i s q u e s t i o n wi l l b e a n s w e r e d t h r o u g h c o m b i n e d p e t r o g r a p h i c a n d , 
i s o t o p i c a n a l y s e s . „ • . , . . , 

In the past most drilling has aimed at structural traps. Once the direction and 
nature of fluid migration across the basin can be ascertained it may be possible to 
predict the location of diagenetic traps. 

Gamma ray specttometry results will enhance knowledge of the relationship 
between irock composition and wireline logs (gamma ray), This could lead to better 
reservoir estimation, — het/^ ' 

4 Technical) economic and other benefits .. . 
Significant benefit to industry from this project will bo achieved by the prediction 

Of favourable drilling sites, based on a knowledge of diagcnesis, sedimentology and1 

structure. New plays may be associated with combination stratigraphic-siructural and 
diagenetic traps. , . 

Additional benefit Will be realised when secondary recovery is attempted from ^ Styr 
wells in thc study area. Detailed knowledge of clay mineralogy in these wells will 
allow the appropriate drilling mud composition to be selected to maximise recovery. ^ luyeb* 

• 

5 Industry links and business plan 
C o - o p e r a t i o n With S a n t o s and t h e o t h e r C o o p e r B a s i n pa r t ne r s w a s e s t a b l i s h e d f o r 

t h c in i t ia l p r o j e c t , C o m m u n i c a t i o n wi l l b e m a i n t a i n e d w i th i ndus t ry , a n d t h e 
e x c h a n g e o f k n o w l e d g e e n c o u r a g e d , • . , . 

Links are also being formulated with other Tertiary and government institutions. 
Collaborative work With CSIRO Division of Soils to undertake clay mineralogy and 
Australian National University for isotopic analyses will significantly enhance human 
resources applied to this project. 

6 Information dissemination 
Information dissemination Will be actively pursued via reports, journal 

publications, and seminars, Presentations at conferences, such as APEA, arc another 
possible means of transferring information to industry which wiil be undertaken, . 

Anticipated cost of drafting and photography for papers and conferences is $4000, 
Production of final report $3000. 

A 2 day workshop for industry and academic personnel will be organised when 
the project is near completion. H is anticipated that at least 50 people would be 
invited to attend, With a high proportion of that totof coining from industry. This 
workshop Could be held in conjunction with thc presentation of results on fluid 
inclusions by Dr. V. Bone, Lectures would be designed so that thc information Was 
presented for specific fields, and as a whole for the southern Cooper Basin. 
Techniques involved Would be clearly explained and ample time given for discussion, 
Participants would be given the opportunity to view thin sections, SEM samples, and 
XRD results, and thc rctrival and manipulation of thc data base would be 
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demonstrated so that future exploration could utilise this information. Clearly this 
type of practical experience is most successfully illustrated at a workshop. 

Anticipated costs involved with the workshop Would include. 

' ' • ($) • 
1. Reproduction of notes, maps and photographs @ 

$50.00/sct ^ . 
2 Return air fares for Dr Chivas and Mr Fanning 

from ANU to present the isotope results . n n ( , 
(Current cost $482 single return) i , w u 

3. Provision of morning and afternoon tea @ 2 0 0 
$2.00/person 50 

At Printing of invitations ^00 
5. Welcoming reception @ $12.00/person — 

^ subtotal $4,350 
Total cost for information dissemination $11*350 

T h ^ N C P G O ^ f a c c e s s to the following facilities which are vital to the successful 
completion of the project; 
1 • Lapidary for thin section preparation 
2. Pctrographic microscopes 
3. Cathodoluminesccnce microscope 
4. X-ray diffractometer 
5. X-ray fluorescence spectrometer . . 
6. 2 scanning electron microscopes with energy dispersive 

spectrometers. , , . 
7. High Voltage transmission electron microscope with 

energy dispersive spectrometer. 
8. Photographic and drafting facilities t • . .•.,. 
0. Vax computer for storage aiid manipulation ot data base 

8 Related research •• .... 
Bibliography of significant publications, 

Gamma ray spectrometry 

Adams, J.S. & Gasptirini, P. (1970) Gamma ray spectrometry of rocks. Elsevier, 

Atwate"!jCE,n(1984) Spcctrometric gamma ray logging of core. Canadian Well Log, 

D y p v i M l & S ? D , 0 , (1983) Natural radioactivity of clastic sediments and the 
Contribution of U, Th, and K. J. Petrol. Geo . 5, pp.409-416. „n 1 l l„. i A n 

Fertl/W H (1979) Gamma ray spectral data assists in complex formation evaluation. 

Fcr t rW.H! ' ( l?83)0?mma ray spectral logging - a new evaluation frontier, parts 
1-7 World Oil V196, nos. 4-7, Vl97, nos. 2-5. . , 

Peril w i S chillngariVn, G.V. & Yen, T.F. (1982) use o i * s P e c t r a l 

W r i n g in evaluation of clay minerals. Energy Sources 6, pp.335-360. 
Fertl W H & Frost, E. Jr. (1980) E valuation of shaly clastic reservoir rocks. 

P e i w T i S S ^ H P P ( S G ? m i n a ray Spectral 
fractured shale reservoirs and source rock characteristics, J. Petrol. Tcchn. 

Gnde\2cn?UUA2rSdd, D.M, & Smith, H.D. Jr (1984) Applications of the compcnsat-



ed spectral natural gamma tool. Paper J, Trans, 25th Annual Logging 
Symposium Soc. Prof, Well Log Analysts. 

Hassan, M. & Hossin;hi (1975) Contribution a I'etude des comportements du _ 
•'thortm Ct du potassium dans les roches sedimentaires. C,R< Acad. Sci, (Paris) 
280p. . 

HasSart, M., Mossin, A. & Combaz, A, (1976) Fundamentals of the differential 
gamma ray log - interpretation technique. Paper H, Trans, 17th AnnalLogging 

.. Symposium Soc. Prof. Well Log Analysts, 
Kowalski, J.J. & Asikun, S.O. (1979) It may not be shale. Paper P, Trans. 20th 

Anntial Logging Symposium Soc, Prof Well Log Analysts, 
Mathis, G.L., Rutledge, D.R. & Ferguson. W.E. (1984) A spectral gamma ray tool 

(SGR). Paper W, Trans. 25th Annual Logging Symposium Soc. Prof Well Log 
Analysts. . , . . , , 

. Quirein, J.A., Baldwin, J.L., Terry, R.L, & Hendricks, M. (1981) Estimation of clay 
types and volumes from well log data - An extension of the GLOBAL method. 
Paper Q, Trans, 22nd Annual Logging Symposium Soc. Prof. Well Log Analysts, 

Schencwcrk, P.A., Sethi, D.K., Fertl, W.H. &Lochmann, M. (1980) Natural gamma 
ray spectral logging aids - Granite Wash reservoir evaluation. Paper BB, Trans 
21st Annual Logging Symposium Soc. Prof, Well Log Analysts, 

Serra, 0 . (1980) Theory, interpretation and practical applications of natural _ 
gamma ray spectroscopy. Paper Q, Trans. 21st Annual Logging Symposium Soc, 
Prdf, Well Log Analysts, 

CathodolUminescence ( 
Houscknccht, D.W, (1987) Assessing the relative importance of compaction < v . 

processes and Cementation to prediction -of porosity in sandstones. •AAJ'.GfBiflli • 
71, pp.633-642. 

HotiSekneCht, D.W. (1988) Intergranular pressure solution in four quartzose 
sandstones. J. Sediment. Petrol. 58, pp.228-246. , 

Marshall, D J . (1988) CathodolUminescence of geological materials. Unwin I-Iyman, 
Boston, 146p. 

Owen, M.R. (1988) Radiation halos in quartz. Geology 16, pp.529-532. 
Ramseycr, K., Baumann, J., Matter, A. & Mullis, J. (1988) CathodolUminescence 

colours of -quartz. Mineral. Mag. 52, pp.669-677. 
Strong, G.E. & Mildowski, A.E. (1987) aspects of the diagenesis of thc ShcrWood 

SandstoncS of the WesseX Basin and their influence on reservoir characteris-
tics. fil Marshall, J.D. (Ed) Diagenesis of sedimentary sequences. Geol. Soc, 
Sp. Pub. 36, pp,325-337. 

Isotopes^ general ' • • , , • , . • 
Eslinger, F.. & Pevear, D. (1988) Clay minerals for petroleum geologists arid 

engineers. SEPM short course 22. 
Loiigstaffe, F.J. (1983) Diagenesis 4. Stable isotope studies of diagenesis in 

clastic rocks. Geosciencc Canada 10, pp.43-58. 
Williams, D.F., Lcrchc, I. & Full, W.E. (1988) Isotope chronostratigraphyt theory 

and methods. Academic press. 345p. 

Oxvcen isotopes . ... . . 
Ayalon, A. & Lonstaffc, F.J. (1988) Oxygen isotope studies of diagcncSiS and 

pore-water evolution in the Western Canada sedimentary basin: evidence from 
the Upper Cretaceous Basal Belly RiVcr Sandstone, Alberta. J Sediment. Petrol. 
58, pp.489-505. , . , 

Eslinger, E.V., Snvin, S.M. & Yeh, II-W (1979) Oxygen isotope geothermomctry of 
diagcneticaliy altered shales. In P.A, Scholle & P.R.Schluger (Eds.) Aspects of 
diagcnesis. Soc. Eco, Paleoh, Mineral, Spec, Pub, 26, pp. 113-124. 

Eslinger, E,V. & Yeh, II-W. (1586) Oxygen and hydrogen isotope geochemistry of 
Cretaceous bentonites and shales from thc Disturbed Belt, Montana, Geochim. 
CosmoclunuActa 50, pp.59-68. 
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Land, L.S. (1984) Frio Sandstone diagenesis, Texas; Gulf Coast. A regional isotopic 
study. In D.A. McDonald & R.C. Surdam (Eds) Clastic diagcnesis. A.A.P.G. 

Lee M C & I i ® ' S AM19S5) Isolation of diagenetic overgrowths on q u a r t z s a n d 
grainsfo^oxyjjenisotopic analysis. Geochim.Cosmochim. Acta^9,pp497-501. 

Lonostaffe F,J. (1984) The role of meteoric water m diagenesis of Shallow 
Snnrktones" Stable isotope studies of thc Milk River aquifer and gas pool, . 

, S S S 5 S . i C S S S J . Mcdonald & R.C. Surdam (Eds) Clastic diagenesis 

LonRstaffc-S' S S Ox^glnlsdbpfe studies of diagenesis in the Basal Belly 
RiVcr Sandstone Pembiha I-Poo , Alberta. J. Sediment. Petrol 56, pp.78-88. - j 

Y e h ^ W . & I S S ( 1 9 7 7 ) Mechanism of ^ - l — ^ h i s m o f ^ /, 
sediments: 3.0-isotope evidence. Geol. Soc. Amer. Bull. 88, pp.l3Zl-lddU. 



Rb-Sr and K-Ar isotopes 
Aronson, J.L. & Hower, J, (1976) Mechanism of burial metamorphism of argillaceous 

sediment: 2. Radiogenic, argon evidence. Geol Soc. Am. Bull 87, pp.'738-744. 
Aronson, J.L. & Lee, M. (1986) K/Ansystcmatics of bentonite and shale in ft contact 

metamorphic zone, Ccrrillos, New Mexico. Clays & Clay Min. 34, pp.483-487. 
Bonhomme, M.G. (1982) The Use of Rb-Sr and K-Ar dating methods as astrati-

graphic tool applied to sedimentary rocks and minerals. Precambrian Research 
18, pp.5-25. si 

Bonhomme, M.G. (1987) Type of sampling and comparison between K-Ar and Rb-Sr 
isotopic dating of fine fractions from sediments in attempt to date young 
diagenedc events. Chcnu Geol, 65, pp.209-222, 

Clauer, N. (1979) A new approach to Rb-Sr dating of sedimentary rocks. In 
E. Jager & J.C. I-Iunzikcr (Eds) Lectures in isotope geology. Springer Verlag. 

.. pp. 30-51. 
Glasmann, J,R„ Larter, S., Briedis, N.A. & Lundcgard, P.D. (1989) Shale diagenesis 

in the Bergen High area, North Sea. Clays & Clay Min, 37, pp.97-112. 
Hower, J., Hurley, P.M., Pinson, W.H. & Fairbairn, H.W. (1963) The dependence of 

K-Ar age on the mineralogy of various particle size ranges'in a shale, 
Gcochiin< Cosmochim. Acta 27, pp.405-410. 

Lee, M., Aronson, J.L. & Savin, S.M. (1985) K/Ar dating of time of gas emplace-
ment in Rotlicgcndes Sandstone, Netherlands. AA.P.G. Bull 69, pp.1,381-1385. 

Liewig, N., Clauer, N. & Sommer, F. (1987) Rb-Sr and K-Ar daring of clay 
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pp. 1467-1474. 
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Perry, E.A. & Turekian, K.K. (1974) The effect!; of diagenesis on the redistribution of 
strontium isotopes in shales. Geochim, Cosmochim. Acta 38, pp.929-935. 

Thomas, M. (1986) Diagenctic sequences and K/Ar dating in Jurassic sandstones, 
Central Viking Grabcn: effects on reservoir properties. Clay Min. 21, pp.695-710. 
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Bethkc, C.M. & Altancr, S.P (1986) Laycr-by-layer mechanism of smectite llhtization 

and application of a new rate law. Clays & Clay Min. 34, pp. 136-145. 
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YaUi Y-C'., Pea,cor, D .R ,A McDowJl, re ^ 

S M s h a l e i s f i i transmission and analytical electron uuwuaw i J 
Pcljol. 57, pj>.335-342. 

spectrometcfto relate i i m i l f t g f f " " J , ™ ten applied to 

oi' the pfinroleuiri^titistry. 

tf E x p i e d ^ o i l expenditure on current Erant by scheduled completion date is 

b) Summary of innJEil prajWl findings to . a S n c d s c d iments of 

• - a n d permeability Where silicification is n ^ ™ 1 ' c l a s t i c s d u c to the 

dissolved. e!n„jf!nmtlv reduced by detritai illite in fine grained 
iii. Porosity and permeability signifies ly reOUMQ j y a 0 f K -
flood plain and ovcrbank d e p o t s - t o o h m l ^ ^ 
feldspars and mieas, and and is associated with 

E t i v c porosity in rocks with , hisJ. ««< 
Iv. Distribution of autogenic mnera : >s p- tr t iMyacptnrc™^ ^ i ffllWgcnic 

Mlcritic sprite predpitated tmm wo main phases, 
the carliist di»6c»ctic event. M i c t i o n f h ' 
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areas, and finer grained rooks, where compaction occurred prior to precipitation of 
overgrowths, intense intergranuiar dissolution is abundant. Overgrowths were 
inhibited in hiariy (finer grained roCks by the present of detrial illite. Feldspars and 
mifeas Were altered to kaolinite, liberating Si for the precipitation of quartz 
overgrowths; as the supply of Si decreased dickite was precipitated. Thus dictate 
formation postdates that cif kaolinite. Alkaline conditions prevailed after the 
formation of large dihedral quart?; overgrowths causing their partial dissolution. 
Sparry carbonates were possibly precipitated during this period, Compositional 
variations in the carbonates are thought to be related to the chemistry of migrating 
fluids. AUthigenic illites probably formed during periods of deeper burial when 
?smcctitc, kaolinite and K-feidspars Were altered. The final diagenctic events are 
depth and temperature related, with the formation of clinochlore IIB and pyrophvlhte. 
vi. Isotope work on the carbonates indicates the influence of meteoric waters and a 
cold Climate. . . . ;«,,. „ „ . 
Vii. A satistical method has been developed by which the permeability ot Permian 
sediments may be estimated from wireline logs. 

C) Extent to Which the original objectives have been achieved; ... , 7 > , t<ieq\ 
- in terms of the number of wells sampled the project has_.cxccedcd the original • (. W ^ ; 1 ™ 'J 

C S t l " diagenctic factors controlling porosity and permeability have been identified, 
and thcitf relationships to sedimentary facies assessed. , 

- basic Well data generated froni earlier exploration and development drilling has 
, been examined. . ... . . . 

- qtiantificatioh of the proportion of diagenctic silica in creating reservoirs ot poor 
quality is in progress. 

d) Difficulties encountered have been minimal. , , 
The only limitation has been a time constraint which will not permit full utilisation ot 
the data base and construction of diagenctic maps, 

c) Reasons why further support is considered necessary. ( 
Results from the initial project are considered very promising, yet they can not be 
utilised by industry to their full potential without additional work, The initial project 
has clcarly illustrated what additional information is required, personnel and 
equipment arc available to continue tho project, the background research has been 
thoroughly undertaken and even the samples in many instances are already available. 
Given sufficient time atid resources to complete all the research outlined in this' 
application, the potential predictive information concerning future drilling sites and 

0 secondary recovery from existing wells will be of vital economic assistance to the 
"" petroleum industry. 



10. Sub-contracted Work Expenditure 

Amdel has been chosen as the subcontractor for core plug analyses because this is 
the best and most efficient service available in South Australia. Amdel's close 
proximity to thecore library leads to the successful co-operation between these two 
bodies, Since numerous core plugs have already been taken in the fields proposed for 
further study, it wall not be necessary to take more than about 70 hew plugs. « 

Amdel has also been chosen for the K-Ar dating because of the high standard of 
work produced by Alan Webb, It is not possible to undertake these analyses in the 
University. The rate of $550 per sample is a commercially acceptable figure. 

Oxygen isotope facilities are not available anywhere in South Australia and rather 
than try to set up facilities here it was decided to subcontract the work. The price of 
$150/samplc is very reasonable, considering other organisations are charging $200. 
Dr Allan Chivas has considerable experience in oxygen isotope work, in particular he 
has worked on soils which are similar to the clay extracts and quartz which are 
intended for anlayses in this project. 

° Rb-Sr isotope'analyses on illites arc probably the most difficult to obtain accurate 
:< results because of small sample size and problems of contamination. For these 

reasons it is essential that this work be done using a multiple collector mass 
spectrometer. The ANU laboratory has lower contamination than any other o 
laboratory in Australia because it is new, and the mass spectrometer is capable of 
producing high precision results on small samples, The very low price of 
$340/sample has been extended to the NCPGG as an indication of genuine interest in 
the success of this project, 

Please find attached documentary evidence from each subcontractor of the prices 
used in estimating costs. ,, -

O 
Name of contractor Brief description Cost 

AMDEL 

AMDEL 

ANU 

ANU 

CORE PLUGS ( ^ & k ) @ $70/S AMPLE 

K-Ar DATING @ $550/SAMPLE 

OXYGEN ISOTOPES @ $150/SAMPLE 

Rb-Si' ISOTOPES @ $340/SAMPLE 

5,000 

11,520 

10,800 

10.200 

37,520 TOTAL 
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J 19 April, 1989 

i Dr Bill Stewart 
i Director, 
I National Centre for Petroleum Geology & Geophysics 
i University of Adelaide ,, 

Box 498, GPO 
! , Adelaide SA 5001 

f Dear Bill o 

| This is to confirm our willingness to undertake oxygen-isotope analyses; of quartz and 
{j , clay mineral separates for your proposed research project. I understand that analysis of 

Up to 72 samples will be required. Our standard fee for this kind of work, involving 
oxygen extraction using bromine pentafluoride and mass spectrometric analysis of the 
extracted gas, is $150 per sample. Approximately 10 to l5mg of each siimple will be 
required. 

I Yours sincerely, , 

\ a&6L«>* 

\ Allan R. Chivas 
t Group Leader 
i Environmental Geochemistry Group. 
l<i 

I 

| 
1 



1 t e c h n o l o g y and en te rpr i se 

19 April 1989 

Amdel Limited 
( Incorporated in S.A.) 

31 F lemlng ton S t ree t , 
Frewvllle, S.A. 5 0 6 3 

T e l e p h o n e : (08) 372 2700 

0053 
P.O. Box 114, 
E a s t w o o d , S.A, 5063 

Telex! AAB2520 
Facs imi le : (08) 79 6623. 

2 1 APR 1986 

Dr W J S t u a r t J , , 
National Centre f o r Petroleum Geology & Geophysics 
GP0 Box 498 •/ 
ADELAIDE SA :5000 

- \). 

Dear Dr. S t u a r t l 

QUOTATION FOR K-AF GEOCHRONOLOGY 

In response ti) a r eques t from Ms. S. P h i l l i p s , I wish t o advise t h a t our 
charges f o r lii-Ar geochronology, on sampleis of i l l i t e prepared by your 
Centre Will be as fo l lows : 

Until! 30 June 1989 : 
A f t e r 30 June 1989 : 

$480 per sample 
$550 per sample. 

In addi t ion* 

Plug d r i l 
E x t r a c t o r 
Helium in; 

>ur charges f o r r o u t i n e core ana lys i s a re : 

iing and plug trimming $5.00 
$5.00 

ectlOn bo ros l t y and a i r permeabi l i ty $55.00 
$5,00 Calcula ted g ra in dens i t y 

Total per plug $70.00 

We look forWafd t o being of a s s i s t a n c e t o you in t h i s m a t t e r . 

Yours s i n c e r e l y , 

Alan U Webb ii 
Senior Geochronologist 
Geological S e W i c e s " 

AWW/bp 

Oifiefcs In Sydney, Melhburhe, Perth, Brisbane, Canberra, Darwin, Townsvillo. Represented worfd'wldd 



RESEARCH SCHOOL OF EARTH SCIENCES 
THE AUSTRALIAN NATIONAL UNIVERSITY 

26 April, 1989 

D r W J S tua r t 

S S a i Centre for Petroleum Geology and Geophysics 
GPO Box 498 /) 
Adelaide SA 5001 

confirmation 

Phillips of the National C c n t r ° by Sally PhiUips at a cost of 

c o n t e x t of tlw owrall data concerning the clay genes,*, 

Yours sincerely, a 

IA X a J M A ^ -M 
M a l c o l m M c C u l l o c h 

/ 
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The following arc suggested referees for the proposed project; 

Mr. Terry Barr - SANTOS Ltd. 

Mr, Bob Laws - SADME 

David Gravcstbck - SADME 

i 

I 

1 

v. 

' ' I ' • 

\ 

i „ 

'C; 

: . i,. 

o . 
6> 

V. 

I : 

' > 

•n 



SENRAC ASSESSMENT CHECKLIST 

MAINLINE TECHNOLOGY DEVELOPMENT 

PROJECT NAME: « • 

ASSESSMENT OFFICER: J 

NOTE: Answer to each of t he fo l lowing ques t ions should be supported with 
r e l e v a n t argument and background by way of concise at tachments 

1« Does the p r o j e c t address a p r i o r i t y S.A. 
research or development area? 

2< I s t he re a d e t a i l e d plan f o r 
^ implementa t ion of t h e r e s u l t s ? • 

3 . I s the re s i g n i f i c a n t f i n a n c i a l suppor t 
from an indus t ry cr community user of 
the r e s u l t s ? * 

4. Are the re p o t e n t i a l l y s i g n i f i c a n t u s e r s 
df the r e s u l t s in S<A» 

5.< (A) Has a f i r s t order c o s t - b O n e f i t 
a n a l y s i s been done r e l a t i v e to 
e x i s t i n g technology? 
IF NO 

(B) Should SENRAC inves t in such an 
ana lys i s? 

• <> OR . . • 
(C) Should SENRAC study the c o n d i t i o n s 

Under Which economics would become 
more a t t r a c t i v e ? 

6i (A)rHaS assessment of r e l e v a n t overseas 
or i n t e r s t a t e work been done? 
IF NO 

(B) Should SENRAC inves t in suCli ah 
assessment? 

7. (A) Are r e l e v a n t RDD programs irt p rogress 
elsewhere in Aust . or overseas? 
IF YES 

(B) Is i t poss ib l e t o j o i n such a program? 
IF NO 

(C) Should SENRAC I n v e s t i g a t e the 
f e a s i b i l i t y of commencing a 
coopera t ive program wi th workers 
elsewhere? i / 

8* (A) Is loca l e x p e r t i s e / i n f r a s t r a c t u r e 
capable of execut ing t h e work? 
IF NO 

(b) Should SENRAC s e t up a program to 
upgrade the local c a p a b i l i t y ? 

0 

0056 

PROJECT NO: J 

i. -..— ., ,, • 

YES NO, NOT . 
RELEVANT 

ATTACHMENT 
. REFERENCE-
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counci l - lUCONNDLNCl 

(NATIONAL ENERGY RESEARCH, DEVELOPMENT A N D DEMONSTRATION COUNCIL 

ENERGY RESEARCH, DEVELOPMENT AND 
DEMONSTRATION PROJECTS 

1987 
APPLICATION FOR SUPPORT GRANT 

p r o j e c t T i t l e 
F A G T O R S J E ^ 

PERMiA^SANDSTOHES . O P T O E ^ ^ -

• ' 

A p p l i c a n t O r g a n i s a t i o n THE UNIVERSITY OF ADELAIDE. 

IMPORTANT 
• Refer to reverse side o! this . 

p a g e lot background Information, 
• Original p lus 9 c o p i e s ot 

bitch proposal and supporting 
doilirnflntatiOri are required, 

• II Space on this form Is 
insufficient, supply 
details on separate pages, 

• Closing date lor applications 
Is 22 May 1987. » 
Ldle a p p l l t a l l o n s will not be 
c o n s i d e r e d , ' 

OFFICE USE ONLY 
Applications should be lodged with: 

The A s s i s t a n t Sec re to ry . 
R e s e a r c h Policy orid P r o g r a m s Branch 
D e p a r t m e n t of R e s o u r c e s ond Ehergy 
P o s t a l A d d r e s s : G.P.O, BoX B50 

CANBERRA ACT 2601 • 

S t r e e t A d d r e s s : R o o m 415, Level 4 
Jo l lmont Centre 
65-67 Nor thbournc Ave 
CANBERRA CITY ACT 2601 

"Dale received 

"Application N o . 

CERTIFICATE O F P U B L I C O F F I C E R / H E A D ' O F O R G A N I S A T I O N 

I, b e i n g i n d » l , P » b t e w m w i l i f ^ ' Z ^ M m M ' l . " " 1 , k W c In « m y p M " : 

s z s s s a s s s s a s s a s s ^ ^ „ - » — 
(c) the q t M M b n l h i , p p l t C t„ o n 16 b* . f d b , . Mi*. Iht t*n!,»! 

•DMelt wiilchevM It hoi kppl^Wo In Hit ol Unlv.lihiM md Collar I. 
iidrnlni&ttftlion " < « >• * J -

T h s O n i T « r » l i j r o f A d e l a i d e 
r u n NAWC " J '.'"•""""" 



COUNCIL •IN'CQNriDLNCE 

NATIONAL E N E R G Y R E S E A R C H , D E V E L O P M E N T A N D D E M O N S T R A T I O N C O U N C I L 

/ 
ENE C 7 Y / ;NT AND 

t s 

APPLIC, 

Pro ject T i t l e FACTORS REL,W i p S I T Y AND PERMEABi L1TY IN 

. PERMIAN SANDSTONES OF THE SOUTHERN COOPER BAS1K 

Applicant Organisation ^.. .V.̂ '.̂  Y.^.1?I>:.. .9. .. A P.?P.1?-, 

ApplicaiidnS should bej6d§ed 

t h o A s s i s t a n t Secre tory 
R e s e a r c h Pol icy and P r o g r a m s Branch 
Depar tmen t of R e s o u r c e s and Energy /, 
Pos t a l A d d r e s s i G.P.O, Box 858 ft '' 

CANBERRA ACT ZSOl -

Street A d d r e s s ! R o o m 415, Level A ' J '•' 
Jo l lmont Centre )i 
6fe-6V N o r t h b o u m e AVe 
CANBERRA CITY ACT 2601 

Enquir ies! Tel . 052-45 Q54D •r 

IMPORTANT 
• Refer to reverse side ot this 

page lor background information, 
• Original p lus 9 c o p i e s ol 

bach proposal end supporting 
, documentation a r e required. 

e 11 space on this torn Is 
Insufficient, supply 
details on separate pages, 

• Closing date lor applications 
n Is 22 May 1SB7,. 

Loin npp l i co t l ons will not be' 
c o n s i d e r e d . ' > 

OFFICE USE ONLY 

Dale received 

Application' No, 

•Docs 
invlied 

£ hbf apply 16 fetfied Vertlbhi 6l iippiifcallohS IhM Weft UniUcoesslul In ttevlbui CiSiil Mint &»ffct)< flpund S» Additional Coal fibuiltl (Cotl.ofilS1 Rbuhcl) which wli'li boil. 
Hn Dowmb^l <B66, th t (Hbilhp dMi ld/'l '-1- * ' - - " »uch »pp!,tal.ont will be 1S June 1DD?. 

CERTIFICATE O F P U B L I C O F F I C E R / H E A D ' O F O R G A N I S A T I O N a 

I, being the duly appointed Publl t 'Oll icer/Head' ol the organisation, dfeclatb that ii 
(a) the Information given In <lils application, Including any et tachmenls hereto, Is tnie end coflecl In every particular; 

(b) t h e organisation h a s the basic facilities requlied ior the piojeti and, eubjcct lo being awarded o gfhnt, II Will odhofe td thfc 
p togrom ol aclivllies sol oul In this oppiicalion; and :-

(cj the salaries quoted for personnel ere in accordance with the practice ol this organisation, ii I; 

ftNefWct Ii hot fcjipliEible, In MIS 61 tfnlvtl'iltlti and ColfttW M AHviinibd Ewbaiibti iht *pr>lic»!lbn h»»if to b i tltfnfd U f ienii.*. btlioei bt (hit ftniiif 
UdmlhlMiifibh'- • . . . . . / / . 

XtiS O t t i f i r a t l ' t j r #.f Ad til a i d 6 
rutl NAMl I,,,.....,..,!«'•••••<< mjj***,,,,.* , ,. „,,.,,„„.., .If t»H».tm..,.u<»,lollK.tM" 

m m „ : ' P . ? ; 
>// r x r 0W->tL *«J t»« ' l r i i r .* J! 

DfMBHMlOK . , / r.. . UAIt M , J , , 2 J . S , y . 
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PART A' PROJECT AND BUDGETARY INFORMATION 
•»•* »houid IX. typed h »»p:t.* w">P H.ndfrd ID pilch 

PROJtCl 
* 'PlOjKCllllll' 

h CON! NIMHON APPLICATIONSONLY ^ 
it iliib «ppl|tell6f> timki Eonlitililton lupiWIB Pl» 
pi6|ecleu|V»nlV lupponod Undo! (he NERD&O 
Pi«jinrn,ipccll^ tho cUrttml pibjod numbcl. (Rolot 
putsipiepMMh BBckp'ourx) Inlotnwtion No'.oson 
tevoitr tide ol pntjt> 1) 

APPLICANT ORGANISATION , 

contlecloiiUndoi Ilbrtl13. 

FACTORS RELATING TO THE DEVELOPMGNT,,^ 
P E P M E A B I L l ^ 

BASIN 

THE UNIVERSITY OF ADELAIDE, 
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v, SUMMARY or OUJCCIIVLS. WORK PROGRAM AND IMPUM^M'ON 

,,, , L . . . K*1 with Mr MM) Wllohl - Fi,nh.l fctiltl itortf» •« «*••»»* und..; K.m «(.)), • (.) (BumtiWHM-̂  to * •eoon̂ Mw* WW* ... » • . 

P e t r o l e u m e x c r e t i o n i n t h o C o o p e r B a s i n i , . f a s t ^ P P - S ^ ^ ^ ^ ^ ^ r t t ^ i e r ^ e 1 6 

r e a s o n d e t a i J e c | P - ^ S " ^ " 1
 t ^ o J J " t r o l " u m r e s L v o i ' r B 1 : T o p r o v i d e r e s u l t s 

w h i c ^ i ' c a n ^ f e a d t o a S ^ t E l i n p - t J o I . u - r e s e r v e s , t h e f o l l o w i n g o b j e c t i v e s 

a r e p r o p o s e d ! 

" I ' u S . " « « e r L t s t r u c t u r a l d e p t h , b . t . e e n t h e . » t h e r „ 

e d s e o f t h e b a s i n a n d t h o d e e p H a p p e r m e r r i l o » . 

T h e « . » ! . . o b j e c t i v e s 1 e n d Z - i l l p . j v i d . ^ m o o T ^ U S U S ' c h 

ssr-ts sss ^ - ^ S s ^ ^ ' s . s s r . s r 
i n d u s t r y t o o t h e r h y d r o c a r b o n p r o v i n c e s , ,, {, 

B a s i n p l u s d a t a f r o m d e e p W i l d c a t w c i : ^ t h M i n a e p c o r r c l a t l o n o f 

t h e N a p p e r m e r r i l o w ( s e e a t t a c h m e n t ) . T h i s WIAA i n c s c l s m l t . . p r o f i l e s oil n 

a n d XRD s t u d i e s . ,, • „ . . . 

3 . F e t r o p h y s i c a i a n d p e t r o l o g i e s ! ^ J S ^ S J i i S j ^ - K ^ ' i S l ' b S 
p e r m e a b i l i t y c r o s s - p l o t s » C r o s s - p l o t s o f P ^ o t i t y a n d p e n m a n jr 
g e n e r a t e d v i a i n - h o u s u Mtncom G e t t i n g So L w n r e . I n a d d i o n t h e d w n ) 

p l o t s e x h i b i t i n g l o g ( N e u t r o n , S o n i c a n d D e n s i ' t y ) p o r o s i t i e s w : i n t e r p r e t a t i o n o f 
t e x t u r & l p a r a m e t e r s o b t a i n e d f r o r a p e t r o g r a p h i c a l tobthods. T h e i n t e r p r e t 
t h e s e d a t a w i l l t a k e p l a c c d u r i n g t h i s s t a g e o f t h e p r o j e c t . 

P r e p a r a t i o n o f d i s p l a y s w h i c h w i l ! e x h i b i t g e n e t i c r o c k U n i t s a n d r e s u l t s o b t a i n e d 

f r o m i t e m 3 . 

5 . A . . r l t t o l « . p . " i l l H ' i o r = . o d l j . r . o " ! l c . ^ i ™ ^ ' ! ; , , , 

end bas in (structure;. 
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7., (SUMMARY o r o a n CllVtb, WORK'. PROGRAM ANIT IMKU MINIM ION (CwiHoui'fl) " 

The lollowinp.lntpimMicm It mquiiod loi pipjnclt Willi'jpoipnliiit'tei »dpplinh by ihdii»|i>" of leailihp itj mihuiacluiripi »qulpn»nl. 
(c) V/ii»l po|iir*inil »ppfie«li6ni-hWf br«h',.ldfihli!i»[l7 :„1 \ f 

,. The met hods and r e s u l t s are considered e s s e n t i a l for a better understanding ' 
and explo i tat ion of petroleum reservoirs in ex i s t ing f i e l d s and the 
prospect iv i ty of areas r e l a t i v e l y unexplored in the Southern Cooper Basin. 
We foresee the appl icat ion of .these vnethodsto hydrocarbon provinces 
located in several Australian onshore and offshore areas* In f a c t , most t 
companies hove both core find log porosity-permeability analyses of 
sandstone reservoirs , but the roles of sandstone genesis and diagenesis 

' correlated with these reservoir data should provide important resu l t s for 
the exploration and explo i ta t ion of hydrocarbons. 

vi;ct) Odthil tioKfrjiitiabliiVied wllhyliitfusUy: iishd t>loposed p/ori »6Yl)>ti0t̂ mBriialVori • \ , : 

The proposed study ataa i s the ,Cooper Batilnii .„ ,, 

Santos Ltd* wl l l s.Upply most research data including samples, cores , log su i t e s , 
porosityripia'tmRalllllt-y cross-plots and well comple tion reports * Th.tB company 

. together With Eosoi' Australia ttd» and the South Australian Oil and Gas 
\ ' CbrpOjrati on - ( KAOGC) 

siipport the on**go.ing operations of fcliU National Centre ( $ i O O , O O C / y r 
, '.;> (.." »•, 1 . . • ' 

\ 
R ' W - • i ' v - , 
Z (e) F6f ptblcck.fflt'plAjj tfcv»fe#nbtil el hevY i^lpmenl, etoisll uny plaht H,pf(jfw»8li tot f>rololype iihd'Bi lollotv-pn tiiSriulasluie, Ineh)i!m0 the ekichl of pattelpMli' t r 
"'(,., Auitlallah IniiiiMf)'.;!, ''.'.X1 :.. .. . \i '.'.n 1 . ' '•'• 

» Mtijor re su l t s ifillv be 'published with expected companies' approval* We do 
,'• not ant ic ipate problems for publications because several, t h e s e s , which have 
\ u t i l i s e d Company dataware on open f i l e dt the Department of Geology and 

Geophysics, University of Adelaide. National Centre Advisory Board members 
whose companies represent the majority of in teres t holdera i n the Coopet 
TtniHri VihMP cfrTnccr.f* nr.nrt f nT K'n f f inn .1— fVn t- r r piiM 1 rnH nn1; • .v.1 „,;.•--..,., 

i. £«t>lilf) Why the Wbrtv jilopbstd IS KM UaV fe *»fl h 'tfe '««• 61 irt WWW NbieM, I*. bohlinUW Wljhou'i the iuppbrt ol the plant ibuBhl. 

Although industry and government have been extremely generous in financing 
the on-going operations Of the National Centre* there i s a need for outside 
ass i s tance to complete t h i s project. The National Centre Will require 
funds to Operate SEM equipmentj do core analyses and f inance a research 
ass i s tant to undertake personal research* help advise students and monitor 
research. This Notional Centre Will provide one of i t s research s taf f who 
Will collaborate with a Staff member from the South Australian Inst i tute of 
Technology4 Another s t a f f membur who has been appointed as a Senior 
Lecturer in the Centre way alfco be avai lable for research* 
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o t'Mojtci surtHVisoniM PRINCIPAI supr.nvison OIHCR GUPtnvisonh o t'Mojtci surtHVisoniM 
Oil' supervisor's name given at S|«); (.-) . (31 , 

Name, ••» K. J. STIIAUT \ B4 B. FARROW N. M. LEMON 

Oualitications: B.Sc. , M.Sc., Ph.p. B.Sc. , M.Sc. B.Sc.(Hons) 

Peslgnaliorii 0 
Director Lecturer Senior Teaching 

K«>1 J p w 

Biislhets Address: - NCPGG 
GPO BOX 4 98 
ADELAIDE SA 500] 

SAIT 
PO Box 1 
INGLE FARM SA 509B 

NCPGG , 
GPO Box 498 
ADELAIDE SA 500) 

Telephone No i. fOni 2?8 549? TORI 343 3070 fOfil 22ft 5323 
Hbrt much lime in WPIMntl'dayS ''. . • ' 
per month as en average wilt the 
project supervisor devote lb this 

//"*'' ' '' 
4 days 8 days 4 days 

project? (\ . : • . . . . . . . ^ 

Ate /Thy piolonped absences 
envisaged during the Currency 
of'lhiS project which will H>' „M ; • 
aileil its cbnducl? -, 

NO NO '; NO " 

Is II proposed that solary costs tbr en/ 
o! the project supervisors be clalmad 
ag jlhsf the project J (II yei, please note 
guidelines Under Item tlbhp»g$ 6) .., 

NO ' . NO NO 

Brlelry outline relevant expedience and 
in/ bthet ms]oi research projects being 
undertaken arid'or closely supervised by 
the project supervisors and their time 
demand (Insert prclixes (2) end (3) 
and details II more than one project 
supervisor) » 

The Director of tlnr'National Centre has Worked with i, 
industry for a period of 18 years and i s experienced in 
most phases of^petroleum explorations These include 
exploration projects worldwidej a period ut Mobil"s 
Dallas Research Laboratory and four years involvement 
with basin s tudies related to in the Cooper Basin* 

Mr* B. Farrow has l l years experience in petrophysical 
wel l logging techniques* He i s a very capable researcherf 
who wi l l support th i s project in the application of well 
logging techniques, and mathematical algorithms 
considei'cd necessary for the. correlat ion of core 
porosity-permeability values with those related to log 
cross-plots t 11 

Mr. N.M. Lemnh has 10 years experience With'.UIlP dealing 
with basin analys i s s tudies . Mr* Lemon ifi^'ompetunt in 
sandstone d iagenes i s , instructing students ^ ti t h i s 
disc ipl ine* He i s a lso competent with X-raj- /d i f fract ion 
and petrographic technio jes( and i s an expert i n /.' 
syntectonic sedimentatiofi* 

to bTHEftSUPPORT(diiettl)flis60cl»ledwllhltilsprojticlIIQinnl , ; , , . , . . , . , . , ,, 
tilvfe deiaiis 61 filitnhed ix^hcliltffe by (he i#lii*ril brjianlkaiiori ahd ixbehdiluii Irbmiipptbvedbf expeSod external tourcei 61 tunas lot WorK dueciiy asSMiated Wllh lire 
ploiHl Attach details W ahy ijiptic* liont lot support mede to cihM c'ftnlinp ithfmct whore a defclilbn It Hill pehdmp 
Dolibl Include fuhdstxptoted as a tesull Pi Ihli spplitilibrt. , , 

Organisation providing aupport Nature bl Support 
I (etllmeledj 

166B 1CDD 1I»M 

SANTOS,,LTD..,„,.SAOG.C„ 
n s s o , ( s j o ^ b p o / y t i i r 

p r o v i d e d . f o r NCI'GP. 

o p . p r n . t i o n s ) 

t h i . p . s e c t i o n . ! ; j . s c i f c n i l c a n d 

w c i J_ r e p o r t s . 
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ESTIMATED PROJECT EXPENDITURE REQUESTED A S A Q R ( W 

•t all ldonlllinhir> H I - . . .. " 1 

O - h o n d , Includino Z Z Z l ^ ^ / o . t ^ o s , which 

A N D n E U T £ D « * N 0 i r u « f 
J m t S f t Ih"! II Is noi bi,a b y „ 
EUppbH „ q u 0 ' s e d f o , ^ m t n W 0 S i | h •>' Sl.Vlunfi, 

j a m s s k 

H 0 " 1 • P r o p e r 
orpanlsolions oi consulionls ° S e 0 1 n w> " 'oD-foUnrnt j 
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''•> r U N 1 - COUIPMCN1 AND MAUHIALB 

ffi^MSIS1^ w s s m s b AUS M 
^ b ° " d f " u o l ! ' d Pi'M" Including cu.loms <1^ 

ol plan • '« '5 

^S jSHSf t * * WH^tm, Computing ihjj ; 

k LI.I llrmi ol pi.nl .nd .qulpm.nl co.llnt, mor, Ih.n u r n p<r ll.m lot ,he p,o|«l 

(i) lioms lo be purchajod ' 

• , 7/ 

(II) Horns lo be fabricated In-house (include wsl 6| rnalb/lots «hd IkbaUf) 

-mi l N...SECTION..,PREPARATION * 

...,DfePARTMENX,.OF..,SEOLOGy.' G . .GEOPHYSICS 

UNIVERSITY OF ADELAIDE 
7 s r r : ; ' • 

b. Te',1 co.t «,» pi.ni, wgulpmiinl .nd m . l . r l . l . which eoii k t i Ih.n iiooo per H.rr, 
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13. CONTRACTED RESEARCH AND DEVELOPMENT EXPENDITURE I 
The grantee Is responsible lot b | Wptfc catfiod but on We pipjoci. Wfiero " ft should be tidied (Hot lot majbf sub.cbnjracls, the otenleemoyUfaMeddUMtii' I 

" I 'he organisation Which will Incur the Ihe lite bl Ihe project Id.provide Itemised details^ol K c S ™ o d exbendiWl? 
majg expond ure Under llio ptoposeu grant is the granlee. II IhlS Is not considered Detail any tasks esSonllal 16 Ihe project Which It Is prbDosed lo SUtTcohliact, 
ELa" rf S ' a S ^ S ' G 0 WUBl be B yon /orthe oirnnBert.io^S put lorwafd : prbvlding SuHiclenl delnlls to enable Council lo evaluate tha iubtfriliacfiKl loskt 1 

! and1 ttie gfnnlao Will be required lb ensure thnl.the CommonWoSUh's Interests are SUch dolalls should be Included ,aS bh ettachmenl, 
protected by piecing cond.hcns on Ihe sub-rontrcclo- similar to those which Ihe '..'•• : 

, g'anlee accepis. 

Nafne ol contractor end , 
•.•'•• period ol contract •.'•ii1. Brio) description ol tasks 16 Be ebnlraclod but* Esllmnled cost 

s 

;.,..,.. ............ CORE PLUG EXTRACTIONS (SENRAC) 

.,,..,,,„.. ,,,,,,.,,.,,,,,,,,,.. .,..,,„„,.„„„<,„„. 
•̂'"'•••"̂ •HHmlOMIilit.t'MMHMi.NMiMSllMlMÛ ^ 

POROSITY - PERMEABILITY CORE ANALYSES 
^ SENRTAIL $I4» 0 0 0 > . ' " ' " """ """ " " " " " " 

.,..,.,.,.,.„..„.„., „„„„>.,„ .,„„.,„., .,... „.„.„.I>1;,„ ,,;„., „,„., 

" " T ^ o B S " " " " ^ ; . ' , 

,, M. . . . . . . 
.' V ESTIMATED TOTAL CONTRACT EXPENDITURE $ 1 9 , 0 0 0 

'ftease suppV cfeWZ/S Os'ifl attachment. 

t i«*1 14. TRAVEL, COMPUTING AND OTHER EXPENDITURE 
a) Travel —Travel will on'y bo Supported (I directly associated with the project 
Including travel costs tot slwt engaged ort the project Incurred lit using facilities at 
blliet .fcenlrbs. Standards ol .travel arid acebihmbdalibn shiill h6l exceed IhoSe ot 
the agency requesting the lunds, The ColinCli Vvlll no! support travel 16 conferences-, 
as a combbhenl of > proposal, Requests tor overseas travel will Ml be conSldetedVi 
UnloSS,the applicant liaS demonstrated that the travel IS art Integral arid essenlici 

„ component ol the project, VISIIs 16 Seeti general Inlormat'on (SISIisibMhe-art visits) 
Q^lll hoi be supported. , , 

bj Conpullng Charges Request"-, for lurids i6'h«t computing costs will only be 
considered Where the tbS'lS are bhafged dlteclly to Itie brejeCt, Purids foqueslod 
lot the employment bt addlilonal ebmiylting perSbhhot'br lot the purchase ol 

additional computing equipment should be Included In expend lure Ileitis 11 and • 
1Z respectively, >.• ft 
c) Other: ' 

— appo'ntTionl exoenses: these »i:i Be conslbeVed lot add tlonol staH shown In 
Item 11, Wherever pISctlcable' persbhnePsltbUld be recruited fibre withtrf 
Australia. II i| Is Proposed (6 appoint start Ironri overseas, applicants Will need lo 
derrlbnilralo Why II Is hot possible lo recruit Suitable Australian personnel. In 
such cases travel tyid removal expenses |b Australia bftly Will Be considered 
oveflieadS; may dhly be Included In Ihe case of f.bn'brolil (ee'tdf-SerVlte 
orSohlSalidrtS bf cbnSuliahlS, 

fteaS^ Supply Sri oSSchmehl gltrlrig details 'el lunds sbu^hl and Ihb basis bn Which osllrtiaieS were fniide, 

s. J U l i g B A f t e t t m t i t i W f j l R e p J N ' AUSTR/ttiilA : ' ' i i m . ; „;„,„„,.„„„„„ 

S T A W ; ifftAVBL .bBTj^BfeH-.UW1 VfeliSai'ry tip A t t e i A l b f i M B ' S r A ^ i T . -

c, bfHSh (SPECIFY) , illt>lt<»«»«kM» 

ESTIMATED TofAL OTHER FEXPENDIFUFTE $ , 500 

Estimated cost 
'. S .., 

29.L 
800 

Unless otherwise specllied by llio epplicanl, Ihe end bl the last S'x month pe- i 
15. TOtAL ESTIMATED ChOJfifif fcXPENDITURe REQUESTED AS A QRANf . Shbwhtbr whith funds nfb sought will be trsaled as thS.SthbdUled cbmplet^ 1 

'v v dale bl the gr6nl should,Supbort be tpfirevodi 
CALENDAR YEAR 1908 161)0 I, 1690 .It 

CUSI IffeM •}) • • , 

Dale 61 
Apptbval lo 

3D.G.BB 
DISTRIBUTION SY SIX MONTHS BEGINNING 

ii. * -CUSI IffeM •}) • • , 

Dale 61 
Apptbval lo 

3D.G.BB 1.7.00 1,1.68 1,7.09 1,1.60 1.7,00 ii. * -
SALARY AND RELATED 

tXPENDIIURE 
(ITEM tt) 1 7 , 3 0 8 1 7 , 3 0 7 1 8 , 9 5 0 3 8 , 9 5 3 7 2 , 5 1 6 ! 

PUNT, EOUlPMENT AND 
MATERIALS 
(OEM 12) 

3 , 0 0 0 2 , 0 0 0 2 , 0 0 0 3 , 0 0 0 8 , 0 0 0 

CONTRACTED R A D 
EXPEMDI1URE 

. . . . (i\'M 13) .. 
6 , 0 0 0 3 0 , 0 0 0 3 , 0 0 0 

.. . 
1 9 , 0 0 0 

.. Ci. 
1RAVCI.,t^MPUTINt,.AItD 

OlHEfi tJVfKNOIItiRf 
(lir.M t4) » 0 0 0 2 0 0 2 0 0 2 0 0 1 , 5 0 0 

TOT At 2 K , 2 0 8 2 9 , 5 0 7 2 4 , 3 5 0 2 2 , 1 5 1 1 0 1 , 0 1 6 

1 'h 
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)6. PROJECT OBJECTIVES AND WORK PROGRAM 

16(a) PROJECT OBJECTIVES N 

Detailed examination of basic well data generated from earl ier exploration 
and development d r i l l i n g i s expected to aid industry in the explo i ta t ion of 
ex i s t ing f i e l d s and new f i e l d d i scover ies . The major objective of th i s 
NERDDC proposal i s to qualify and quantify, porosity and permeability 
re lat ionships of Permian reservoir sandstones occuring at various 
s trat igraphic and structural l e v e l s with regard to assessing the influence 
of sedimentary depositions! processes, structural growth and diagenes is . 

Permian Toolachee sandstones within near strat igraphic proximity of one 
another exhibit a wide scatter of permeability values from of. 0.1 .to about 
800 Md within a porosity range of 10 to 24% 'in f i e l d s Such as Moomba and 
Big Lake. Much of th i s variation i s probably shal iness which i s partly due 
to the environment of deposit ion. In general, this-was recognised by 
Porter and Crbcker (1972) who correlated porosity and permeability values 
with two types of sandstone. More than two genet ic types of sandstones, 
however, a're now known e . g . point-bar, distr ibutary, crevass splay, 
shorel ine and delta front Sandstones. For this reason, i t i s intended to 
re-examine core data and then subdivide the sandstones into genet ic groups. 
These groups of sandstones w i l l be correlated with porosity and 
permeability values based on core and- log Analyses . In contrast, Martin 
and Hamilton 0 981 > offered preliminary resul ts that diagenesis r . is the main 
reason for variat ion in reservoir qual i ty . We be l i eve that i t Jo itaportant 
to research the roles of sedimentary processes, structural growth and 
diagenesis on a local and subroigional bas i s . Another important problem to 
be Solved i s to quantify tffe ro le of diagenetic s i ld t f l and kaol in izat ion in 
rendering reservoirs of pof« qual i ty , particularly with depth. However, 
th i s important factor may '61so influence porosity and permeability values . 
at shallower depths where shal iness derived from sedimentary and compaction 
processes i s thought to be thc main problem in causing the wide scat ter in 
porosity and permeability Values observed in cross-plott i . 

We be l i eve that mUch information can be gained by u t i l i z i n g not only 
standard petrographic methods, XRD and Well logging-techniques but the SEM 
probe as w e l l . The use of the SEM probe i s expected to provide important 
information on the diajjenetic versus depositional or ig in of c lays , mineral 
d e f i n i t i o n and the degree of re la t ive s i l i c i f i c a t i o n . It Will a l so provide 
meaningful data on factors re lat ing to the degree and type of sha l iness , 
the range of grain s i z e , and the degree of sort ing . All of these factors 
have probably influenced retierVoir qual i ty . SEM probe work wi l l complement 
petrographic thin section and XRD analyses in providing an exce l lent 
Combination for mineral i d e n t i f i c a t i o n . This project should provide 
important resu l t s which wil l aid industry in the exploitat ion of ex i s t ing 
f i e l d s and exploration in se l ec t ing areas for future d r i l l i n g . 
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16(b) WORK PROGRAM 

1. Tlie work program will include the detailed l i tho log icu l descript ions of 
numerous co.ree taken i n the Patchawarra, Epsilon and Toolachee 
Formations penetrated by y » l l s i n f i e l d s located in the southern Cooper 
Basin (see attachment). A" "comprehensive review wi l l be Undertaken to 
integrate previous work related to Permian sandstone genesis and 
d i s t r i b u t i on in order to. se lect Wells from key areas' for invest igat ion* 
The National Centre lias access to these data through theses , 

a publications and company reports; In addition, internal and external 
graduate students are currently providing research on key areas such as 
Moomba-Big Lake, Brumbie-Munkarie, Toolachee and Dullingari and the1' 
Burley area in the Nappermerri lows Items two - f i ve l i s t e d below deal 
with work procedures While item s ix i s a time-table of the program plus 
budgeL expendituresJ / 

Structural, f ac i e s and isopach mapping^together with geological cross-
sec t ions snd 'general core and ditch sample descriptions are not c 
considered part. of^t'ivrs proposal except to u t i l i z e the data when , 

- applicable . The National Centre has applied for an Australian Research 
Grant ent i t l ed " The Roles of Structural Growth, liasin Subsidence; And 

i Lake Levels on the Configuration of Permian Sandstones s i tuated in the 
Cooper Basin, South Australia and Queensland". Although the resu l t s of 
th i s project are considered important to this NERDDC proposal s we do 
not be l i eve that much overlap e x i s t s in research object ives , but the 
projects do complement each others If we are unsuccessful with our 
ARGS appl icat ion, this particular phase of research w i l l continue. 

2 . Cores se lected from key wel l s in the Moomba-Big Lake, Toolachee, and 
Dullingari f i e l d s tbgether with Burley-1 wi l l be prepared for 
petro log ica l , SEM an<^XRD analyses. To provide essetit ial irifortiiation 
on genet ic Units new core-plugs wi l l be taken to supplement our data 
base C^Sample co l l ec t ion w i l l be taken at two foot intervals except 
Where rock character requires l e s s or greater d e t a i l . Additional core 
p lugs(expected to number about 300 per year. Will be submitted to 
AMDEL for porosity-permeability analyses. 

3s SEM analyses of roUgh-cUt thin sections', XRD analyses and ntirtrial 
petrographic thin sect ions w i l l be interpreted u t i l i z i n g e s s s e n t i a l 
information concerning the degree of shalinesG", the range of grain" 
s i z e , the degree of sort ing and mineral i d e n t i f i c a t i o n . In addition, 
the degree of sandstone diagenes is , part icularly the secondary 
overgrowths of s i l i c a and authigenic kao l in i te , Will be analyzed With 
regard to porosity and permeability analyses* Further, the percentage 
of void space wil l be estimated and compared td' porosity values 
recorded from log analyses. 11 We wi l l utiliafc Mincom Geblog software to 
derive log porosi t ies ( cross -p lo t s ) and sha l iness . We wi l l compare the 
r e s u l t s between core and log analyst's; but i t i s anticipated that 
research w i l l be required to fbrinulate new log algorithms for relat ing 
the two sets of analysesJ 

4. After each se t of data are intfcrcalated from 'items 1-3, displays wi l l 
be prepared exhibiting log moti f (s ) character, cort , Ibg and cere 
analyses , textural var iat ions , and SEM micrographs« 

5t , Lit hdloglcal , core and petrographic data wi l l be interpreted taking 
into account, sedimentary processes, structural growth and basin 
developmentt Local and subregional resul ts wi l l be supported by fnc ics 
maps exhibi t ing t'edirnVnt ary prort'B6en nnd diagenttir. patterns. We 



concur with Martin and Hamilton that the degree of diagenesis increases 

L r . . 

• S i ^ - i r s : a a r s 
fields situated in „.r8in.l (lent " d the N.pper.orrl 

6 . The following di.eu.sion of the Dork P(o,t.. t.ke. into .coount ptogre. 
phases and budget items; 

1 9 8 V w i l l s e l ec t two deep wel ls from the Moomba and Big Lake f i e l d s for 
analyses. These wel ls t f these 
r S e l d I r f a f l : l E ' r u X . ' i S ^ a . S J in a mote marginal LWo f i e l d areas IB impor i t h d d c u m e n t e d structural growth 
d " i n g f p ^ n T in contrast^ the Moomba f i e l d i s a structural complex 
located more downbasin than Big Lake. -We plan to have a brief feasab:Ulty 

• Te S H a L i n t i S eted S e data so that a major phase of extracting core 
I J lugs a n H n a l y s e s ' c a n proceed for the f i e l d areas l i s t ed below: 

j NamUr Strzelecki Kidman Kerna 
Mudera Wanara Munkarie Pira 

5 Marabooka Delia Brumby Dilchee 
Daralingie ' • ., . ,. • 1 -

W e s t ' S • 

for tile year 1988. The costs by category are shown in items 12-15. 

' ^ T h * project w i l l proceed in 1989 with the i n f i l l i n g of additional well 

rpnnrt veneration. The f ina l report wi l l cae.arjy blu uui. j 
report genera consist of petrographic, SEM, XRD 
r e s u l t s . ine DUJK. OJ. U I L , , . . „ , , , j ( . h rfnRpribtions and resul ts 

of f i e l d s invest igate s i l i c i f i c a t i o n will be 

a ^ a i J . s f . s : ^ g ^ i J ; ? " ^ . « : - t »f 
expenditure of $46,301 i s forecast for the ye. r 1989. The t reate 
$37,901 i s for the salary c£ the Research Fellow. 



17(a) PREVIOUS GRANTS 

This i s thc Nati 
the subject rese 

17(b) RELATED RESEARCH 

PREVIOUS GRANTS ' , , , .... 

1 . C e n t r e ' s « r . t » 

t h e s u b j e c t r e s e a r c h " 

research publ icat ions re lated tc; ^ S r ^ L r / t r r i a S ^ r o ' e a r s . 
growth and basin development are cxtens. u o n e v o t „ p i d 
However, research related to dLagon fl d e a c r i p t , l v e 
growth during the l a s t 10 to 12 ytars i r » i b e e n s t i m U i a t e d 
Science towards a process orient ted s ud> T ^ ^ 
by the recognit ion ^ r t l L l a r y o i l and' gas f i e l d reservo irs . 
p e r m e a b i l i t y of ^ " d s t o n e s , p a r t i c u l a r i y ^ ^ t 

One of the most important papers ^ i n s a n ds tones by Wilson 
recognit ion and i n f l u e n c e of " ° ? a n t papers were published 
and Pittman. During 1979 ^ ^ ^ ^ / T E c o n L L ' p a l e o n t o l o g i s t s and 

„ s e r i e s of a r t i c l e s by the soc ie ty o ^ ^ g S e r i e B 1 2 
Mineralogis ts . Schmidt and McDona A WL d iagenesis was 
on secondary poros i ty . The growing 1 9 | A ) (Memoir 37, 
recognized by the AAPG with b• „ h o c o m m l s s icmed a 
C l a s t i c ^ ^ t J S " i b U c t i o n ^ same format as t h e 

popular° F acles Mod e l s Reprint Ser ies . 
» 4 „ i-Uo 11i i!» and Canada 

Although ^ l e v a n t P««/ - a t
t f"%: P

t
P

0
C r G miins n major o i l corporation 

l i t e r a t u r e , much conf ident ia l data ^ thc'rSEM probe as an 

petroleum Reservoir qua l i ty . 

. r e , / . , p u b ] t s h o d p a p e r s i n " b j ' ^ i " . ™ ^ " . : 

r ^ i r ^ S T t i s i r i i w 
Although ^ t t l n r reserVbir porosity and 
i B the contro l l ing factor inat ing rese t l d p o r o s i t y v a l u e s 
permeabil i ty, t h « ? values in structural c r e s t a i 
show a s imilar pattern (highest averab (Delhi , unpub ish 

• areas) Which coincide w1th i s o p c h and JCsc-Les P g r o w t , a n d 
maps). This t e la t . onship l a ] M a , „ d 6 ubreglonal work 
T s ' S u i f J t o ° d e t e t m l n e the inf luence of structural growth, 
sedimentary processes and d iagenes i s . 

< i ^ Mn r?0 which i s currently in progress 
The research of NERDDC ^ ^ ^ ^ ^ o S r A u s t r a i i a n D,partment of 
under the d irect ion of D. CravostocK K h t l c a l analyses of 
Mines and ^ ^ g y ) t deal s mainly with tl m t h e . o f ^ ^ 
sandstones comprising the Jurassic w R a t i o n on r.ote 
sequence. In addit ion, he has ^ o r e d some 1 ^ s . b s o r f n c c i o £ 
analyses re la t ing to Povminnannd.ton^ locat . t W ( , 
the northern parr, ot the Cooper Basin, U. r. ^ o { m s 
t formation i s 0 NERDDC Project No. 820 
appl icat ion do f S o ? o j U ! " a c t o r s which account for the 
Variations ^ r o ^ P - ^ n M U t y In sandstones. 
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IB* TECHNOLOGY TRANSFER 

The National Centre w i l l submit relevant r e s u l t s in papers during the 
course of the project .nWe wi l l concentrate i n i t i a l l y on l o c a l journals for 
rapid technologica l transfer to in teres ted organizat ions rather than to 
overseas journals which have long waiting l i s t s * In addi t ion , we w i l l 
include the r e s u l t s in a case study to maintain a high standard of. « 
t ra in ing for graduate students* • 

A 6hort course dealing with the r e s u l t s of1 th i s project and d iagenes i s of 
sandstones re la t ing to other areas w i l l be o f fered for t e c h n o l o g i s t s in 
industry and government* We currently o f f e r such courses both in-house and 
in part i c ipat ion with the Australian Mineral Foundation* ' 

The National Centre w i l l • a l so present the r e s u l t s of th i s project to 
in teres t ed Exploration and Production Geology groups in industry* This i s 
currently normal pract ice for other research subjec t s of i n t e r e s t * We wi l l 
make every e f f o r t to present t h i s package ora l ly during various s o c i e t y 
meetings, and for interes ted groups in. government and t er t iary 
ins t i tu t ions ." ' 1 • • " . • • • 

The Department of Geology and Geophysics has audio-v isual equipment which 
can be u t i l i z e d for recording l e c t u r e s pertaining partly to the methodology 
and re su l t s of th i s 'projec t* These w i l l be made avai lable to in teres ted 
groups * 

19* FACILITIES AVAILABLE 

1* Computer f a c i l i t i e s are ava i lab le at both the University of Adelaide 
and the South Australian I n s t i t u t e of Technology (S*A*I*T*) for 
undertaking th i s project* Di7ec*y terminal t i e s to VAX f a c i l i t i e s are 
avai lable to both Adelaide and S*A*1*T* mainframes* In addi t ion , 
d i g i t i z i n g equipment i s in place* Recently, the National Centre has" 
received Mincom Geolog software for wel l logging techniques* 

2 . Both Scanning Electron Microscope (SEM) and energy d i spers ive X-ray 
(EDX) systems are avai lable at the University of Adelaide and S.A*1*T< 
To aid in the i d e n t i f i c a t i o n of minerals EDX spectra nan be obtained 
by the KEVEX 5000UX energy d i spers ive system* This and the use of 
avai lable X-ray d i f f r a c t i o n equipment and standard petrographlc 
microscopes provide a strong r.uite of t o o l s for in terpre ta t ion . 

3 . F a c i l i t i e s e x i s t for the preparation of standard, polished and rough-
cut th in sec t ions at the University of Adelaide and S . A . l . T . Charges 
for th in sec t ions are very competit ive, and a l l equipment and '' 
chemicals a fe avai lable* 

4 . The National CehLre Will re ly on AMDEL for extract ing core pluga and 
porosi ty-permeabi l i ty services* 

* / * " \ ' • . 

5* Clerical sta( , ire ava i lab le at the Universi ty of Adelaide and 
S.AtlvT* for interim and f i n a l report presentation* 

6 . Dr. V* Gostin and Dr. J t Jones who have e x p e r t i s e in the f i e l d of 
diagehesifc haVe of fered some of the ir time for Cri t ica l d i scuss ions 
during.-tilt; course of the projec t . 
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1 . SUMMARY 

a) PROJECT OBJECTIVES; 

i. To identify how the interaction of diagenesis, : 
sedimentary processes and structural growth have 

v;, -Influenced reservoir quality in the Permian 
• : s a n d s t o n e s . •/v 
ii:. To ascertain the influence of depth of burial on the 
„•• . paragenetic sequence,, particularly in wells where 

secondary sllicificatioh and authigenic kaolinite 
r.,o adversely affect reservoir quality. 

b) MAIN FINDING AND CONCLUSIONS 

/ Preliminary results indicate that porosity is best 
developed in well sorted, medium to coarse grained 
sediments of point bar sequences. This occurs in rocks 
where the proportion of illite is low arid dickite is 
present rather than kaolinite, and no other authigenic 
minerals have developed. However, these results are » 
tentative- Because o£ a lack Of data from the fihe' grained 
shoreline sandstones which are also known to have good 
porosity and permeability. The latter seidifttents -will be 
investigated in more detail next year. 

A statistical method has been developed by which the 
permeability of Permian sediments may be estimated from 
wireline logs. . 

c) WORK PROGRAM DESCRIPTION 
.Sh§ Work program proposed far 1988 involved the initial 

selection of Wells from the Moomba and fiig Lake" fields 
for analyses. Based on this data a major phase of core 
desctAefcipfi and aii»f>Un§ was designed far the field arias E 

listed below; 
.Nafflur , gtrssesleoki Kidffiatt. Kerna 
Mudsra Wanara Munkarie M r a 
Marabdcika Delia . : Brumby Dilohee 
Daralingie 

Results of this phase were to be presented in an 
interim report at the end of the first year. 

d) POTENTIAL FOR INDUSTRIAL APPLICATION 
In the hext phase of this project it is proposed that 

comparisons of maps of sandst6ne facies and mineralogy 
(clays and other authigenic minerals) will be constructed 
as a potential means of determining sites of qood 
porosity and permeability. 
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RECOMMENDATIONS 
•••• • ' " ' ' " * " ' • . " 

' ~ " " T ^ T p r o j e c t I t w o u l d ^ 

i . r e a j g j n d j ^ l o j j J - c 6 ^ j j ^ ^ n r t , ^ / 
b een g a t h e r e o a g ^ c o n s t r u c t i v e | i b l y n e w 

e x p l o r a t i o n b o t h w i t h i n e a s t i n g , , 

.•.:••• : . C l l l t s s u g g e s t t h a t t h e i n t e g r a t e d 
/ T h e p r e l i m i n a r y r e M l t ® sugg f i c i a i t o • • .• • 

p e r m e a b i l i t y a n a u i u 

u, ' """ : • ' . • ' i .- j . _ a u a l i f y a n d 

" f t , V 
q u a i . u i f y potos^, , § a n d g t d f t B s t ° a c u « i n g ^ the 
P e r m i a n s

s ^ c t u r a l ^ ^ L n t a r f d e p o s i t i o n a l 
s t r a t i g r a p h i c V v ' d * " l u e n c e o f " n ^ L . : 

a s s e s s m e n t a n d d i a g e n e s a - s . 
p r o c e s s e s , s t r u c t u r a x « . . . t a g e n e r a t e d f r o m 

in 

c r e a t i n g r e s e r v o i r s o r v _ 
d e p t h . , ( ^ j * 1 . , v - i - a v 

O 

s a f e 1 w s n s i a r t 

silicification. 

of 

T T ^ H O D O L O G Y ^ ^ M B ) D E S C R I P T I O N O F W O B K 

I D M 7 L C Q L L E C T 1 0 . N - , D r ( ^ e o t i n v o l v e d t h e l) 
I I o f

 c
t h

f £ 0 m i n d u s t r y a n d s t a t e 

c o l l e c t i o n J ' S S ^ w i t h 

J a list A S P 
c o r r e s p o n d i n g w e l l . l o g . v a . ^ 
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copies m rnli completion r e p o * ^ t**. ^ 
wells in the above database. t h P SADMR core library. 

SAGASCO Resources Ltd. V ••"'.: 

S ^ ^ f ^ f T i l ^ F f o r e has been logged The 
•: A total of 4 / Z H ieet ^ Appendix A. It, is 

wellB attd formations are listed Q f f i e l d s now apparent from this ^ J ^ ^ f f S o m the original . ' being investigated expanae i o n h a s been proposal far the P ^ 0 ^ ^ - n™f b®tion by Miss Sally possibles becaukfe of the contribution ny fields 
Phillips and 4 post-graduate students ^ w e l l s , 
nominated in the proposal, l 9 8 9 . , a :; 

, will be. l ^ ^ f f i g have been taken and are in 
From the core, 450. samples1

 X n association with these 
t h e process Of £Or porosity and 
samples, 13l core P " ^ have seen dumber o f core 

• i t t ^ M ^ f 

sequence. , 

£ S B g a S S S f f i f - " - - " * 

1 3 s u b s a t n p l e s h ^ ^ ^ k e e n a ^ 

particular the siderite. 
The cathodoluminescence and isotope work^are^addition 
to the work proposed *"exities in the 
r a i a S ^ e t i f f e q u e S ^ ? h e ° S ? e e of 

correlation of stratigraphic W ^ S S S ? and permeability 
S M S EinT.S»K£ This work was scheduled for 
1989. 
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In addition a facility for low level gamma-ray 
spectrometry has been built at the South Australian 
Institute of Technology which will be used to analyse 
cores and cuttings to determine the presence of ( 
radioactive elements in the rocks. The radioactive 
elements may be related to diagenesis and thus assist in 
establishing directions of pore fluid movement across the 
basin. ' V '" • . . 

5. PRELIMINARY FINDINGS AND CONCLUSIONS ~j 

I. MINERALOGY-, AND DIAGENESIS 
The diagenetic events recognised within each of the 

producing reservoir sands of the Southern Cooper Basin, , 
namely the Patchawarra, Epsilon and Toolachee Formations, 
are broadly similar. However, there are subtle : 

differences between and within the formations which are 
apparent on a regional scale across the basin. The 
following diagenetic events have been identified as 
significant influences on porosity and permeability; 

A. MECHANICAL COMPACTION , , 
•., . " ' . • . 

Post"depositional mechanical compaction has reduced 
primary porosity to a limited extent in most samples. 
compaction is evident from bent mica flakes/ deformed 
lithic fragments, sutured grain contacts and- stylolites 
(Plate. 1) 4 ..Sutured grain contacts are hot common and_ 
•thSEgfoES'th§ dissolution of quartz dtfe to compaction is 
hot thought to have significantly contributed to quartz ' 
overgrowths. 

B. CHEMICAL ALTERATION 

1. Quartz: QUartz overgrowths are very Important in the 
reduction of porosity. Cathodoluminescence studies 
indicate that in most areas cemehtation occurred prior(to 
compaction and. that. thete may be at least'.S •-events dtitfinfif-
which quartz overgrowths developed (Plate 2). Quartz 
also occurs as a cement in isolated fractures through the 
rocks. Quartz overgrowths as seen in the SEM (Plate 2) 
are best developed in the coarser grained samples where 
sofne primary porosity is preserved. Many of the quartz 
overgrowths have been chemically etched (Plate 2) and are 
intergirown with kaolin. Illite and organic matter are 
seen as dust linings on the detrital quartz grains. 

2. Kaolin: Both kaolinite and dickite have been 
identified from XRD analyses. Dickite has a mors 
euhedral crystal habit and concentrates in the coarser 
grainfid rocks (Plate 3). SEM studies indicate that the 
kaolin has formed by 3 different processes; 

i) the'alteration of K feldspar has produced 
subhedral to anhedral kaolin with a honeycomb 
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ii) the alteration of mica (?biotite) results in 

vermiform kaolin. ' „• ...' 
iii) growth from solution. At least 3 different sizes 

of kaolin (l-2um, 10-15«m, and 30-40/um) can be 
recognised within the one sample (Plate 3). 

The succession Of crystal sizes probably indicates 
sequential growth from solution as conditions became more 
favourable for dickite precipitation. The concentration 
of quartz and kaolin in these coarse grained samples , ., 
suggests the rocks have been flushed by fresh water which 
removed all the elements less stable than Si and Al. , 

The jagged contact between kaolin and quartz ... 
overgrowths is thought to be a result of contemporaneous 
formation. The alteration of feldspar to kaolin releases 
an excess of silica which may be the source for the 
quartz overgrowths. ' • 
3. i l l i t e : this clay mineral is abundant in fine grained 
rocks where porosity and permeability are _ almost 
negligible. . As a general trend where illite is more t 
abundant than. ' kaol in , pOrOSity is low regardless of g r a m 
size. Much of the illite appears to be detrital (Plate 4 
), it is also present as a replacement of feldspar (Plate 
4), an alteration product of mica and rarely as an 
authigenic mineral (Plate 4). The abundance of ; , 
authigenic illite is greatest in the Nappamern Trough 
where depth Of burial may be influencing its . 
distribution. 

• II ' ' 

4. Carbonate minerals-, siderite, ankerite, dolomite and 
calcite have been reOOgrtised' from XRD analyses. Siderite 
is the most abundant carbonate mineral present. In 
handspecimen the siderite has a variety of forms, i t 
ocOUrs as bands up to several centimetres thick which 
markedly reduce porosity, aS isolated blotches and as a 
pervasive cement forming the matrix .of sorrte-1 rocks* ( The 
siderite (Plates 1 & 5) ..has a variety of crystal habits 
(rhombohedra, scalenohedra and anhedral micrite) and 

. different eompbSitl&ns (Mg, Mn, Ca) * These facts 
eemHned with the isotope data indicate that there may 
have been several periods when siderite formed. Siderite 
is frequently found adjacent to coals and shales where it 
may be an early precipitate in the diagenetic sequence. 
However/ siderite also occurs in some coarse grained 
sands which are not associated with organic matter. It 
iS possible that this siderite has formed from solutions 
containing CO,/ and Fe released by the alteration of 
biotite. Ankerite has only been identified from the 
southwestern margin of the basin. It occurs as euhedral 
rhombohedra Which reduce porosity and only rarely appear 
to be part ial ly dissolved. Minor amounts of dolomite and 
calcite have an irregular distribution across the basin. 
The calcite occurs as thin bands only a fewfcentimetres 
thick Which restrict porosity artd/(permeability. 

5. Chlorite', is present as clinochlore IIB which is Fe 
rich. It is most abundant in the middle of the 

v . -
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Nappamerri Trough where it occurs as euhedral rosettes 
and pseudohexagonal plates (Plate 5) that line and infill 
pores. The euhedral crystal habits indicate that the . 
clinochlore has grov/n from solution. Samples with high 
chlorite contents typically have no sidente. The Fe was 
probably available in both systems but the supply of C02 
may have been limited. Traces of chlorite have also been' 
identified at Moomba, Big Lake and in the Toolachee 
Field. '•.'; • . ';;.. 

6 pyrophylliie: is restricted to the deepest sediments 
in the Nappamerri Trough. It occurs as euhedral . 
•radiating plates (Plate 5) which completely infill pores. 
Various modes of formation have been described for this 
mineral but it is commonly associated with low grade ,• 
: metambrphiSm as a reaction between quartz and kaolmite. 
SiCh& mineral assemblage of pyrbphyilite,; clinochlore ahd 
muscovite and the absence of kaolmite m. samples . _ j 
•Obtaining pyrophyllite indicate a low gtade nietamorphlc 
orinin is feasible.. Clearly where low grade metamorphism 
has"occurred liquid hydrocarbons are unlikely to be <•-
preserved. • ... '•,''•'•. . 

H v n a n r R R B O N MIGRATION . \ 
W1 

At least tvb phases of hydrocarbon migration have been 
recognised. ,The £i*St phase is represented, by blebs of_: 
bitumen which form dust linings on detntal quartz grams 
prior to the development of dVetgtowfchs; . The second . 
phase. is jjeptesinted by bitumen tihds lining pores after 
the development of quartz overgrowths.\ The presence of. 
bitumen rims bh sbrrie: of these pores suggests that the 
hydfcCCarbons may have inhibited further (diagenetic 0 

:alteration. 

PRELIMINARY CONCLUSIONS 

Preservation of primary pdrosity and the dissolution of 
unstable components to fbiffi secondary oversized pores are 
the two most important types of porosity. However, there 
is. Softie tniesra-pdrosity assbdiated .with the. kaolin , . 
itiiheiralge As a btfbad trend .p6r5sity^indteases\towards „ 
the margins of the basin where secondary porosity is more 
important. X. 

Based 6fi the available data C e r t a i n irelatibnsilibs have 
been identified between porosity, grain size and clay 
t T i i h e r a i c g y s j 

1, Porosity generally increases with increases in grain 
size in several formations (Fig. 1) throughout the study V " • 
area. However, this riot the case in the Strzelecki area. 
in general, there is an Upper limit to the trend as 
demonstrated by the poorly sorted, very coarse sands and 
qravels of the Patchawarra Formation at Big Lake which 
show a decline in porosity above the very coarse grain 
size. 

0 

) 
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Good porosity is also broadly related to the 
relative proportions of illite and kaolin in the 

Is the proportion of illite increases . 
decf inef (rIgP 2) ,,ThiS, relationship fails where 

kaolinite, rather than dickite, is present in the coarser 
drained sediments. In these samples kaolinite is 
responsible for the reduction of porosity. :i : 
3. only in some areas is there a,direct relationship 
hfsfwefert- / 'rain size and the Î K ratio. (Fig' f) -: l n these 
a r e a s tb¥arooUnt of illite is greatest in finer grained 
sediments. In the P a t c h a w a r r a Formation/of the Toolachee 

eld? and-the Toolachee and Daralingie Formations df;the 
MooiSa Fieid/ grain size and illite/kaolin do not appear 
to be related. I t is possible that some authigenic .• „ 
illite hat developed in the coarser grained sediments at 
these sites. . 
4. Dickite, rather than kaolinite is the dominant clay 
In the ooarser grained sediments of a n formations Fig. , 
4V However? in the f ie lds around Strzelecki, didkite is 
agsseiated with some of the s i l ty deposits which j u | p t s 
that porosity and permeability were initialiy^ood i n 
this area allowing;the formation of dickite from 
solution, .-v' .• 
Si Death of burial and high geothermal gradients in the 
lappamlrri Trough have favoured the growth ^ a u t h i g ^ o 
i l i !?e? olinochiore and pyrophyiiite thus reducing 
porosity and permeability in th is area. •, : ^ 

in summary the preliminary results ^hat 
porosity is best developed in; well sorted/ -medium to 
coarse grained point bar sequences. In these rocks the 
proportion of illite- is low and ^ ^ ^ e i s present rather 
t-KSH kaolinite, and. there are no other authigenic 
minerals . ^ine Stined, sandstones of shoreline t>£i9to • 
are also known to have well developed porosity and 
n^rmpabilitv e.d. the BaralihSie Saf'idStones in the Moomba 
5 S ? f i e l d s , : The diagenesis. of these sandstones 
will b l investigated during 1989, because Of their origin 
these sediments could form stratigraphic and/or 
combination structural-stratigraphio traps. 

II. WTRELINE LOGS 
1 * statistical method hai; been developed by which the 
be estimated from four nor^fTecTnC well logs namely 
qamma ray, bulk density, neutron porosity and sonic. The 
S h o d H'based or,,a detailed statistical ^ajyjStSJnt 
core and log data rii&de available by t h e ^ g ^ ^ p a ^ n e n t 
ofMineLand-Ene-sgy. The probability that a particular 
vllSi" It'a log correlates 'with a particular permeability 
is derived for each log from the data observed at a 

ac (i^Msg f f ' ^ ^ f f K^ 
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particular depth. These values are then combined 
together to determine the most probable permeability 
represented by the set of log values. A good correlation 
between estimated and measured permeabilities is achieved 
(Fig. 5). As further data is acquired the estimation 
algorithm is being further tested and refined, and 
attempts are being made to estimate other petrophysical 
parameters from the well logs. . _r_ 

The preliminary results of the wireline log study are 
significant. It may be possible to make good estimates 
of permeability in Permian sandstones without relying 
totally on expensive laboratory measurements. 

n 



Two papers based on data from this project have been 
accepted for presentation and later publication, at the 
Cooper-Eromanga Basin conference to be held in Adelaide 
•in June 1989. , •:' 

Titles of the Papers; ' 
1' Diagenetic alteration of Permian Reservoir Sandstones a n d the_implications for development of porosity and 
permeability in the Nappamerri Trough, southern Cooper ',: 
D & s i n * 1 

2' , Permeability estimation from well logs using i-probabilities. 

, l t is anticipated that several other papers for 
journals will be started in 1989. At least one of these 
papers will be concerned with the clay mineralogy of the 
reservoir sands. This paper will probably be written in 
Conjunction with the CSIRO Division of Soils. A Second 
papeaf on the carbonates will also be commenced in 1989. 

I n addition, the preliminary results of the proiedt 
We»e presented at the NERDDC workshop on the Cooper-
Eromanga Basin organised by SADME in March 1988. 
Recently an informal seminar was given for Santos 
(Appendix B) and other similar seminars are planned for 

1 9 8 9 * 



PLATE 1 
. o.- • • . , . • ' . 

THIN SECTION AND CATHODOLUMINESCENCE MICROGRAPHS 
. ,.a.• •: Sutured grain boundary in a very poorly sorted 
sandstone provides evidence of mechanical compaction. 
Crossed nicols. Scale bar 1mm. ""•-.: 

b. Stylolites cross cutting a medium grained sandstone. 
Note the lack of porosity and the alteration of some 
grains to illite. Plane polarised light. Scale bar lmm. 

bi.;, 'Gathbdolumihescehe. micrograph ,bf a typical sandstone, 
the detrital grains are pale blue to cream in 

c h e overgrowths are brownish. The : 
, bright b ^ t i s kaolin.. Note that:the detrital 
g.rains float in tne cement, suggesting early Cementation prior to compaction. 

*i a m eJ: l e l d o f Y i e w a s a b o v e i n P 1 ^ polarised 
light. The comparison demonstrates that the proportion 
or overgrowths is very difficult to detect in the optical 
microscope and only with further detailed CL work can the 
dagtee of silicification be correctly estimated. ' 
E'S ̂ at:hbdbluminescenbe micrograph in which zonation car) 
be detected in the quartz overgrowths. This fact 
suggests that at least two phases of silicification have 
occurred in their development v ' : 

t; "• 
f ; ' Thin section micrograph illustrating a rare dust 
lining separating a detrital quartz grain from the quartz 
overgrowth. The adjabettt grain, which has been 
completely altered to illite indicates that feldspars 
were previously more abundant. Crossed nicols. Bar 
scale 2S0 jutfti " (s ' • 

S'-i. M^ii-itic siderite blotch'in a fine, grained sandstcne. 
Note the lack of quartz in the blotch which demonstrates 
et tP? r ^Placement or displacement of the quartz. On the 
right hand margin of the blotch euhedral crystals have 
developed. Siderite is alsb evident in the matrix of 
this sample. The brbWnish-red colour of the siderite 
indicates that it is oxidising to hematite, crossed 
nicols. Bar scale 350•/lift.' 

h. Relatively unaltered rhombic siderite which is 
engulfing a quartz grain. Micritic siderite and illite 
occur m the matrix of the rock, significantly reducing 
any porosity and permeability. Crossed nicols. Bar 
scale 250 juitii 

o 
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P L A T E 2 

SEM MICROGRAPHS OF QUARTZ OVERGROWTHS 

a General view of medium grained sand With .good 
oorosity despite the presence of euhedral quartz , i . .. •..-
Sv^rowths on some grains. These .sands typically lack 
detrital clays. 
b. Euhedral quartz prisms developed on the "J"?*?8 ° f 3 

detrital grain. Note the larger ^ergrcw t 
adjacent grain. The smaller prisms demonstrate the 
selective and impaired development of overgrowths at 
specific sites. .. . . o ... - • ; ̂  

trt manv of the coarse grained sands large euhedral 
S^irfcz overa?owthI have significantly reduced, but not 

': which is of importance. 
d Euhedral quartz prisms and large °vergro^hs can a l s 0 

riftveloo in finer grained rocks such as this example. 
' S S / S h e changes of preservation 6f primarv porosity 
are much reduced because the;ipore spaces were initially 
very much smaller when compared to the coarser grainea 
sediments. 

3 / 



0089 



PLATE 3 
SEM MICROGRAPHS OF AUTHIGENIC KAOLIN MINERALS 

1 . . q ' ! . .. . ; o . . . 

a»' Two pores and the intervening throat, infilled With 
subhedral kaolin. If the kaolin had formed simply due to 
replacement of feldspar the pore throat would not have 
been filled. Note the jagged contact between the kaolin . 
and the quartz; 

b. Kaolin and quartz overgrowths are commonly iritergrown 
as in this example, due to their contemporaneous 
formation. The surface-of the quartz overgrowth is 
covered in chemically etched V-shaped pits which possibly 
developed under more alkaline conditions associated with 
the precipitation of carbonate. 

c. Pseudohexagonal plates and books of kaolin are rarely 
seen growing between biotite sheets (arrow). When 
biotite alters to kaolin, Fe and K are released. 

d. Very small kaolin crystals (1-2 pm in diameter) 
engulfed by quartz overgrowths. Larger'"euhedral crystals 
of kaolin (3.0-15 /jm) occur within the adjacent pore. 
e. In the same sample as (d) above, the kaolin is also 
Vermiform and has a crystal size between '30 and 40 /jm . • 
diameter. The euhedral morphology and large crystal size 
indicate that this dickite has grown from solution. It 
would appear that conditions became progressively moi'e 
favourable for the firebipitation of, dickite after the 
initial intergrowth of small kaolin crystals with the 
quartz overgrowths. 

£. Ragged-edged vermiform kaolin of this type, permits 
Somfe micro-porosity but is likely fco: reduce permeability. 

>> 

0 
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PLATE 4 

SEM MICROGRAPHS OF ILLITE 
a. Typically illite in fine grained rocks occurs as ' 
small, flat lying, closely packed platelets. In fine 
grained and silty sediments it is frequently difficult t 
see anything other-than these platelets in the SEM. • ^ 
Clearly even micro-porosity is not likely to be 
associated with detrital illite. 

b. Illite also occurs as grain replacements as 
demonstrated from thin section (Plate 1 f) and this . 
micrograph. The illite is less jflat lying than in the 
detrital varieties. "'.--4-' 
c & d. Rarely does illite occur in a fibrous form (c) o 
,lettuce-like morphology (d) such as these ekamples. 
These clays are thought td be interstx-atified varieties 
of illite. Where illite is apparently authigenic it 
occurs as pore linings. 
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PLATE 5 

SEM MICROGRAPHS OF SIDERITE, CLINOCHLORE IIB AND 
PYROPHYLLITE. 
a. General view of a pore showing the partial infilling 
by kaolin and a euhedral rhombohedra of siderite. 
Clearly this is an oversized pore in relation to the size 
of the surrounding quartz grains. • 
b. Enlargement of the siderite in (a) above. There is 
minor dissolution evident on the crystal, but in general ; 
rhombs d£. siderite are 1 not etched.- : '' 
C„ Rosettes and pseudohexagonal plates of^clinochlore ; 
H E . The chlorite occurs mainly as pore linings but has 
been observed as pore fillings. In both situations the 
euhedral nature of the crystals illustrates the 
authigenic origin of/this mineral. 
d. pyrophyllite totally fills the pore spaces in this 
sample. The soft nature of this mineral results in 
considerable damage during specimen preparation. Where 
pyrophyllite has been damaged, it is difficult, based on 
morphology alone, to discetn it from platy illite. The 
absence 5f K in the EDS spectra is then more diagnostic. 
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FIGURE 1 
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CROSSPLOTS OF P O R O S I T Y VERSUS GRAIN 
S I Z E FROM D I F F E R E N T F I E L D S I N THE 
SOUTHERN COOPER B A S I N . 
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FIGURE:, 2 CROSSPLOTS OF POROSITY VERSUS 
I L L I T E / K A O L I N RATIOS FROM D I F F E R E N T 
F I E L D S I N THE SOUTHERN COOPER B A S I N . 
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A P P E N D I X A 

FORMATION(SI 
Kirby 1 
Burley 1 
Burley 2 : 

• Big Lake 1 ' 
Big Lake 2-\, 
Big Lake 3 
Big Lake 5 
Big Lake 27 
Big Lake 29 
Big Lake 31 
Big Lake 34 
Big Lake 35 ... 
Moomba 1 

Moomba 3 
Moomba 6 

Marana 1 
Kidman 1 
Kidhian 2 
Pira 1 
Pira 2 
Strzelecki 2 
Strzelecki 5 
Strzelecki 10 
Strzelecki 15 
Strzelecki 16 
Marabooka 1 
Daralingie 1 
Daralingie 9 
Daralingie 19 
Datal'ingie 
Toolachee l 
Tpol/ichee 3 
Toolachee 5 
Toolachee 0 
Toolachee 9 
Toolachee 12 
Toolachee 15 
Toolachee 18 
Toolachee 19 
Toolachee 21 
Delia 3 
tfapeni 1 

. Pando 2 
vMurteree C-l 
L'&ke Hope 1 
Pando North 1 
Wancoocha 1 
Dullingari 1 
Murteree 1 
Boxwood 1 

Toolachee & Epsilon 
Toolachee ; ' 

, Toolachee, Epsilon & • 
Patchawarra 

Toolachee/'••.•'• 
Toolachee ' 
Epsilon 
Patchawarra 
Patchawarra 

. Patchawarra 
Patchawarra 

; Patchawarra 
Patchawarra 
Toolachee, Daralingie, 
/ Murteree, Patchavatra 
Toolachee, Daralingie'' 
Toolachee, Patchawarra, 

Daralingie , „ 
Toolachee 
Toolachee, Patchawarra 
Toolachee 
Patchawarra 
«Toolachee 
Toolachee 
Toolachee 
Toolachee 
Toolachee 
Toolachee 
Patchawarra 11 

Toolachee 
Patchawarra 
Patchawarra 
Patchawarra " 
Patchawarra & Epsilon 
Patchawarra 
Patchawarra 
Patchawarra 
Patchawarra 
Patchawarra 
Patchawarra 
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Patfchawarra 
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Toolachee 
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Epsilon 
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Epsilon 

FEET 
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APPENDIX B 

SANTOS LTD 24 

/ ,y- . unci»pre»w«j t ihcuni Au»lr«h«l •• •. 

\ SANTOS HOUSE, 39 GRENFELLSTREET, ADELAIDE, SOUTH AUSTRALIA 5000 
Poslal Address: 

SANTOS ' G.P.O. BOX 2319, ADELAIDE, SOUTH AUSTRALIA 5001 
•,.'••• , , Telephone; (08)218 5111 ToloX! AA62716 F&cslmllbi (OB) 212 5476 

Mi*. W, Stuart j Director 
National Centre for Petroleum Geology and Geophysics 
Adelaide University 
North Terrace 
ADELAIDE S.A. 5000 

Dear P i l l 

On behalf bf this Central Exploration Team) I would l ike to thank you, 
Andy, Yvonne and Gaily for your time and e f for t in guiding us around the 
Centre. We a l l found thd Fluid Inclusion and Diagenesis research'results 
to be very interesting Ujith immediate relevance to some of our exploration 
projects. 

I hope that our explorationisfcs can develop mutually benefic ial contacts 
With research Workers and students at the Centre. 

Yours fa i th fu l ly 

Ref! 38B] x/25!CTF: j 1 

15th December, 1900 
If 

KEY CENTRE TOUR 

\ 

fcc I 1,M, liarr 
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1. PROJECT OBJECTIVES 

The major objective of this study is to qualify and quantify porosity and 
permeability relationships of Permian reservoir sandstones to enable assessment of 
the influence of sedimentary depositional processes, structural growth and diagencsis. 

Detailed examination of basic Weil data generated from earlier exploration and 
development drilling to enable the subdivision of the sandstones into genetic groups 
for comparison witiv porosity and permeability data, 

T6 quantify the role of diagetietic-lsilica and kaolin in creating reservoirs of poor 
quality, particularly with depth. 

TO Cdtnbine Standard peti'Ogrtiptiic methods* X-ray diffraction (XRD) and well, 
logging techniques with scanning electron microscopy (SEM) as a nleaiis of 
determining the detrital versus authigehio nature of claj's and the degree of 
silicification. 



1. CORE LOGGING AND SAMPLING 

1 Total corc logged and sampled during the project is 6,614 feet. A total of 689 feet 
o f c o r c has been logged since the last progress report on 31.3.89. The additional 
wells and formations from which core has been logged, arc listed in Appendix A. 
From this core, 30 samples have been taken; this brings the total number of samples 
to 624. Only 7 additional Core plugs have been analysed by Amdel. 

Future sampling will concentrate on cuttings from, selected wells. Samples will be 
taken from all Permian strati graphic,.intervals and analysed by the laboratory 
techniques used on core samples. \ 

2. SAMPLE ANALYSES . 

a) XRD, SEM and thin section descriptions have been completed for all samples. 

b) Isotopes: 30 samples are being prepared for carbon and oxygen isotope analyses 
of the carbonates. Samples containing abundant siderite have been selected from a 
variety of locations for analyses. s, ,., 

3. D I A BASE \ 

All analytical results arc being compiled into a data base using Dbase 3+. Files 
have been Established which summarize the results from each analytical technique, 
and allo\V correlations. Relevant infonnatv.on from well completion reports , 
concerning well locations and depths are also being entered into Dbase filcs.^ This 
process of entering analytical results into die data base is very titnc consuming, but 
considered essential for fne success of the project. 

4. CROSS-SECTIONS I 

Well tapes, generously made available by'Santos, have been loaded onto the 
NCPGG Vax for the preparation of 3 major cfoss-sections across the southern Cooper 
•Basin, «. I 

Line A-A* includes: Kirby #1, Blirlcy #2, Moomba #7, Moomba #57, Big Lake 
#33. Yalcumma #.1, Daralingie #1, Daralingie #2, Waticoocha #2, and Wancoocha #4, 
These represent wells located tilonf'ijic central axis of the Nappamerrt Trough, fronl 
the dcpocetitre to the flanks of the basin. Wancoocha #2 is updip from Wancoocha 
M, and contrasts* oil-saturated reservoirs to wateiWct sands ifi the PatchawnnM 
Formation. f 

Line B-B' includes: Kidman #1, Str/clccki #i6, Marabooka#l, Namur#l t Big 
Lake #26, Moomba #57, and Spcncer 0 

Line C-C1 includes: Kirby #1, Three Queens #l,Dullingari #39, Dullirtgari #18, 
Kidman #i , Tooiaclicc East #1, Tooiachce#l, and Toolachee #3. 

A total of 18 cross-sections utilising gamma ray atid Sonic log signature^ S v e 
been eomputer-gencratcd and correlated. They encorporate available palynoidgical 
data, DST results atid eorc information. Tlic following'.sections were generated for 
each line of traverse: p 



i) A stratigraphies cross-section of the entire Pcrmo-Triassic sequence (reference 
datum: top Nappamerri Formation/unconformity) to TD. This has enabled the 
establishment of a abroad framework for chronostratigraphic sedimentation within 
formations across the basins Regional depositional trends are best discerned at this 
rcduced scale. 

ii) A structural (subsca) cross-section of the entire Pcrmo-Triassic sequence, 
highlighting the current structural position of the chronostratigraphic divisions and 
subdivisions distinguished. 

iii) A stratigraphic cross-section of the Nappamerri Formation (reference datum: top 
Nappnmerri/unconformity) to the top of the Toolachee Formation. 

iv) A stratigraphic cross-section of the Toolachee and Daralingie Formations 
(reference datum: top Toolachee) to the top of the Roseneatlv Shale, 

v) A stratigraphic cross-section of the Roseneath Shale, Epsilon Formation and 
Murteree Shale Formation (reference datum: top Roseneath) to die top of the 
Patchawarra Formation. 

vi) A stratigraphic cross-section of the Patchawarra Formation (reference datum: top 
Patchawarra) to TD. 

In addition, more detailed cross-sections, sand isppach, palaeogeographic and 
structure-contour maps are being constructed for the Toolachee, Moomba and '' 
Strzclccki Fields. 



3. PRELIMINARY FINDINGS AND CONCLUSIONS 

Since the previous report most effort has been directed towards entering results 
into data baseband construction of maps and cross-sections. Hence there ore. few new 
conclusions to jreport at this time. Interpretation of preliminary isotope results 
indicate that; a 

' ••' ' ..: „ • - ••. 1 "' • •'• V , ' 
i) Cold atmospheric waters derived from high palaeolatitudes were involved in 
carbonate cenibnt precipitation as O^/O'fi vailues (PDB) are invariably strongly 
negative (-13 to -22). : 

ii) Some carbonate cements appear to have formed under fresh-water conditions 
possibly with i:he influence of microbial activity in near-surface environments. This is 
supported by jtaakly negative OVCiz values. 

iii) Other carbonates ar6 more strongly depicted in C13, implying a different source of 
carbon. Thermogenic decarboxylation of organic matter at depth is considered 
partially responsible for this trend. 

iv) Some carlonates show intermediate trends between the two main categories, 
implying partial mixing of different carbon Sources responsible for carbonate genesis. 
This could bcTexplained, for example* by partial or complete rccrystalljsation of early 
formed carbdiiates at depth under the influence of thermogenic breakdown of organic 
matter. I .. . o 



4. INTERIM STATEMENT OF EXPENDITURE 

0111 
i : ' ' 

SENRAC GRANT ($34,700 at 3 1 . 5 . ^ ' 

EXPENDITURE 1988 - \ 

ITEM AMOUNT 

SEM film « 
XRD analyses by GSIRO 
SEM photography by Geology Dept. 
SEM stubs & tweezers 
XRD analyses by Geology Dept. 
dBase III+ 
SEM work at SA1T / ) 
Report preparation ( / 

520.70 
- 527.00 

2752.00 
348.60 
3015.00 
410.00 
50,0.00 
141.60 

SUBTOTAL $8214,90 

EXPENDITURE 1989 

'ITEM AMOUNT 

Colour photocopy 
SEM film 
Plastic vials 
CL camera 
SEM film 

O 

258.00 
138.00 
79.60 

7,608.00 
138.00 

SUBTOTAL $8,221.60 

TOTAL EXPENDITURE $16,436.50 

! 



APPENDIX A ri 

WELL FORMATION(S) FEET 

Moomba 9 Toolachee, Daralingie 271 
MoombalO Toolachee, Daralingie ' 202 
Moomba 52 Toolachee ,101 
Moomba 53 Toolachee, Daralingie i ! § 



M . W ' 
• r 

INCOME 

($ ' 000) 

1986 1987 1988 1989 1990 1991 1992 1993 

CARRYOVER FROM 
PREVIOUS YEAR 100 215 317 282 220 ; 48 ( 1 6 7 ) (403 ) 

DEET 164 173 176 176 . 181 186 192 198 

SADME 75 125 50 25 0 0 • 0 0 

UNI.OF ADELAIDE 0 0 0 • ' 45 0 0 0 0' 

INDUSTRY 126 133 109 i oo 100 100 100 100 : 

INTEREST* . 13 38 "41 34 26 6 0 0 

TOTAL 478 684 693 662 527 34 b 125 (105) 

EXPENDITURE 263 367 411 442 479 506 528 557 

BALANCE 
(CARRYOVER) 

215 317 
f v Vp 

282 220 40 (166) ( 4 0 2 ) (661) 

NCPGG INCOME 

317 
f v Vp 

12 3S 50 150 300 

BALANCE '/ " 
(CARRYOVER) 

232 6 2 (101) ( 1 8 7 ) (246) 

h a d a carryover balance of $205,000 from 1980 to 1989, 
DLtS funds are assumed for the years 1 t o i993. These funds 
are pending expected DEBT reviews of the HCPGG during the forth 
quartet Of 1989 and 1991 k . ; 1 

Ho funds can be expected from SAbME after the year 1909 
special Equipment item of 445,000 from the University of 
Adelaide. . These funds replace industrial funds spent oh 
equipment during <988 to accommodate Sierra software. 
Industrial funds are assumed based on 19BB dOncrtione! 
interest is calculated at 12 percent on the balance carryover 

•funds froai the previous years 
Total NCPGG income. 
Expenditures are increased anliualiy between 8 and 10 percent. 
Assumed NCPGG income through consulting services, research 
cfr&n ts i c tc« 
Balance (carryover) is the result of adding in NCPGG earned 
ineoao to items 1-6. 



// 

r ... ., 

t * 

\ ; • 

> : 
IVs-' 

r -

!" 

• f a 

0114 

NATIONAL CENTRE: - -
FOR 

PETROLEUM GEOLOGY AND GEOPHYSICS 

> i c 
o 

\ 

DIRECTOR'S REPORT 

1988 

NCPGG OPERATIONS 

10th May, 1989 

y 

r 

ft f. 

/A, 



'••"<:•- „•:•• •.:.^CONTENTS; 

INTRODUCTION 1 

1 9 8 8 N C P G G A C T I V I T I E S ; 

STUDENT RECRUITMENT AND EMPLOYMENT"1 - 4 

PETROLEUM PROGRAM 5 

^ - R E S E A R C H 5-6 

CO-OPERATIVE VENTURES 7 
' ' it 

STAFF • " ' »'•• 7-8 
• u ' t> ' 

N C P G b F I N A N C E S : " ' 

• INCOME <J 

EXPENDITURES , 9 

INTANGIBLE COSTS ' 9 



INTRODUCTION 

0116 

During he 1988 calendar year the National Centre for Petroleum Geoiogy and Geophysics 
lias made significant progress ii-jthe consolidation of a viable cenirc to trai studen s and 
perform research for and on the'behalf of the petroleum industry. The NCPGG Advisory 
Board (page 2) which are made up of noted professionals from industry, govs nmenYand E 

K r ^ L n i f t U l l 0 ! 5 S ' a 8 a i " r v i d e d , g u i d a n c c a n d i n i t i a t i v e s in matters S n g to 
A n l io A ? and proposed research programs. Board meetings were held on 20tli 
in late O ^ t e f § 8 8 ,nHM? e f P 1 ? W ' S i B r 0 W " r e i l r c d f r ° m ^ Australia Limited 

. 8 . M r ' J i I ' S p i c h c r k i n d ' y accepted an inv tat on by Vicc-Chancellor 
.' Miirjoribniiks to take a seat on the Advisory Board. The smaller Centre Comm ttee n ^ 

previously to these meetings to expedite business. committee met 

The Centre is supported by grants from the Department of Employment Education and 
Iraining (DEET), NERDDC and SENRAC together with donarion 'fron S e S?ate 

S c P G G f Z t f t f , | A U S t r U l i a "1? p e t r o . l c u , . n i n d u s t r y made this possible. The NCPGG is grateful to these agencies and organizations for their support. 

toti&SlQRR1NrPrrU'1 1 7 s t u d e " t s f r T b o l h l o c a l ™ d interstate institutions 
o r g S H o i s ' a ^ P r ° g r a m ' M ° S t ° f ° " r s t u d c n t s o b t a i n c d -

^,,S,idr,,[C?UnCla/ i°n. f o r r c s e " r c h ) v a s established during 1988 because the Centre was 
successful in obtaining grants from both government and industry to work on projects w S 
^ n ^ ' r l n n / 0 f p C t r 0 e " ' V , , d u s t W T o a i d t h i s r c s e a r c h <>nd the training of s u d c n £ 
d e CeS?eP a S l , b . s U f i h l d o » a i i o " o f state-of-the-art geophysical software to 
the Centre. The Centre was n so instrumental m providing a forum for the meetinc of staff 
from tertiary institutions and petroleum companies by holding semiMr co ^ e s and 
workshops. Centre staff continued to visit institutions, petroleum cô ^ panics ant) oOier 
organizations to present results of research and to inform the public of Centre o p e r a S 

S n t ^ X ^ , 1 0 , C d a b ° V C r C S u l t f r ° m , h e C O t l ( i n U i n e P » ™ « * the 
These arc: 

1. To train students for a carccr in petroleum exploration 

2. . To conduct research on topics in petroleum geolony and 
geophysics 

3. To foster co-operation between the petroleum industry, academia find government 

The following pages will review the Centre's 1988 achievements in more detail. 
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- Director, NCPGG 

CENTRE COMMITTEE MEMBERS 
Dr, J.D, Armstrong (Chairman) 

Mr. T.R. Watts 

Prof, L.A, Friikes 

Dr, S.A. Grcctihnlgh 

Dr. J.B. Jago v» 

Dr. W.J, Stuart 

Santos Ltd, 

- South Australian Department of 
Mines mid. Energy 

• University of Adelaide 

- Flinders University of South 
Australia 

<• South Australian Institute of 
Technology 

• NCPGG 
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NCPGG CONTRIBUTORS 1988 
FINANCIAL 

COMMONWEALTH GOVERNMENT: 

DEMONSTRATION COUNCIL (NERDDQ 

STATE GOVERNMENT OF SOUTH AUSTRALIA: 

INDUSTRY: ' 

W S S S d S S ^ ™ * ™ 

^ ^ C O ^ S O U R C E S ' L I M I T E D 

A U S T R A L I A L I M I T E D 
\ V E S 1 E R N M I N I N G C O R P O R A T I O N L I M I T E D 

SEIihb'ESi EQUIPMENT AND LITERATURE 

•^MPOL EXPLORATION LIMITED ' 
S » E U T E R A L ™ d a T I O N 
B R I D G E O I L 

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL ORGANIZATIONS 
E S S O A U S T R A L I A L I M I T E D 

F R E K i B U E N R L r f S 1 T Y ° F S 0 ° ' m A U S T R A L I A 
G R E G S W I N D O N -

K E N S E E D S M A N 
L E W O W E N S 
MIKE RENNISON < 
MINCOM PTY. LTD. 
PACIFIC OIL & GAS PTY, LTD. 
POSEIDON OIL PTY. LTD. 
SANTOS LTD. 
SCHLUMBERGER 
^ • ^ L A U S T R A L I A LIMITED 
SIERRA GEOPHYSICS INC 

•UNIVERSITY OF ADELAIDE 
WESTERN MINING CORPORATION LlMlTPh 
WILTSHIRE GEOLOGICAL SERVICFS 
WOODSIDE PETROLEUM ^ 
WORLD OIL 

// 
.1/ 



1988 NCPGG ACTIVITIES 

STUDENT RECRUITMENT AND EMPLOYMENT 
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The NCPGG's charter to serve the national interest requires it to recruit good students from 
throughout Australia. To this end, the Director and staff visited Tertiary institutions located 
in New South Wales, Queensland! South Australia, Tasmania and Victoria to inform staff and 
students about the NCPGG Petroleum Program, In addition, presentations were made oh 
specific research topics e.g. 'Hydrocarbon Plays Related to Ancient Submarine Fans'. As a 
result, the Centre recruited 17 students, as shown in Table 1. 

TABLE 1 

1988 NCPGG STUDENTS 

HONOURS 

CI-IEDID, Rachid 
DUCKETT, Ashley 
G1ULIANO, Michael 
HILLOCK, Peter 
JONES, Paul 
LOELIGER, Marius 
MENPES, Sandra 

MITCHELL, Trevor 
RYAN, Peter 
SANSOME, Alan 
YONG, Lee 
TRUPP, Mark 
ZAUNBRECHER, Michelle 

PREVIOUS EMPLOYMENT/ 
INSTITUTION STATUS • ' 

Tulsa,U.S.A. Unplaced 
Western Aust, SAGASCO RESOURCES LIMITED 
R.M.I.T. SANTOS Lid, 
Adelaide WMC LIMITED 
Macquaric Mineral Sands 
Adelaide ..overseas travel' 
Adelaide -'PACIFIC OIL & GAS PTY, 

LIMITED 
Macquaric Dropped out 
Adelaide ESSO AUSTRALIA LTD. 
Adelaide SADME 
Tulsit, U,S,A, CSII PETROLEUM 
R.M.I.T. SHELL AUSTRALIA LIMITED 
Darling DOWiiS BMP PETROLEUM 

MASTERS (in progress) 
II 

ALSOP, David :i 
ELEFTI-IERIOU, Jjbhn 
MILLER, Lisa 
THOMAS, Allan/, 

Sydney 
S.A.I.T. 
New South Wales 
Adelaide 

It is important to note that 12 of 13 B.Sc,(I-Ions.) students successfully completed the 3988 
Petroleum Program. The 400 per ccnt increase in the number of Honours students from three 
during 1987- to 12 during 1988 is significant, The remaining four 1988 students are 
continuing theft research as a partial requirement for Master Degrees. In addition, several 
students continue tiieirresearch 'part-lime' while working in the petroleum industry, 

industry recognizes the quality I 
training offered by the Centre, This record and the industrial training prograiri are important 
factors in drawing students to the Centre, 
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PETROLEUM PROGRAM 

The NCPGG refined its Petroleum Program during 1988 by adding courses entitled 'Drilling 
Operations', 'Effective Negotiations' and 'Field Days at Moomba', 

The objective of the course in Drilling Operations was to familiarise students With both 
onshore and offshore drilling technology (see Attachment A). The Centre" believes that it is 
essential for students to have an understanding of this technology in order to make informed 
interpretations of well data and because many students will be involved fiist hand in wellsite 
work once they arc employed, : 

U . o . 
The course on Effective Negotiations is intended as an additional aid to improve students' 
communication skills. This course, in addition to oral exams and research presentations, 
helps prepare students for presentations to management, The positive effect of this training 
was demonstrated when students delivered brief presentations of their reseaich Work to 
industry at a meeting held on 2nd December, 1988. Centre staff also informally discussed 
with students issues such as business and personal ethics, company policies concerning 
confidentiality of data, and management expectations of employees. In addition, the .Centre 
advised students on conduct'at employment interviews and preparation of a Curriculum Vitae, 

;: u \ ' !|' . . . . . -
The NCPGG field program was expanded to include a five day trip to the Moomba Field area. 
During this trip students visited three operational drilling rigs, a Seismograph Service scismic 
crew and the Schlumbcrgcr workshop. Santos Ltd. made this trip possible and provided 
lectures related to the Moomba plant and Tirrawarra gatherin-facilities. Personnel from the 
above companies made this trip an instructional and md,. }able> experience for Centre 
students. 

Several organisations provided funds and facilities for students to attend the six-week 
industrial experience program. The NCPGG is grateful to the organizations who participated 
in this program (Table 2). 

'' TABLE 2 

INDUSTRIAL PROGRAM PARTICIPANTS 

AMPOR EXPLORATION LIMITED 
BRTDGis OIL LTD. 
ESSO AUSTRALIA LTD. • » O 
ORCA PETROLEUM 
PACIFIC OIL & GAS PTY. LIMITED 

" POSEIDON OIL PTY. LIMITED 
SAGASCO RESOURCES LIMITED 
SANTOS LTD. 
SHELL AUSTRALIA LIMITED 
SOUTH AUSTRALIAN DEPARTMENT OP MINES AND ENERGY 
WESTERN MINING CORPORATION LIMITED 

RESEARCH 

A 1988 objective was to acquire funds to accelerate research in the Centre, The Centre 
achieved this goal by obtaining grants from NERDDC, SENRAC, CSIRO and the petroleum 
industry. The NCPGG is working closely with the Cooper Basin consortium of companies 
who have made their data available to staff and students in the following projects! 
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r c l " t i n g 10 ^devc lopmcmof porosity and pemieability in Permian Sandstones of the 
MINING COR^POl^TION S E N R A C - S A N T O S CSIRO and WESTERN 

t 0 hydrocarbon exploration in the Cooper/Eromanga Basins'*' 

S ' a n c T l t S o r C l a t i " e t h C S C P r ° j e C t S a r ° e n c o u r n 2 ' n 8 and publications are expected during 

instrumental in the submission bf two NERDDC applications for the year 
1989. NERDDC approved the following projects during the forth quarter of 1988! 

Sparse Array Triaxial Seismic imaging of Hydrocarbon Reservoirs - Flinders University 

Enhancement of Onshore Seismic Drita' NCPGG 

The State Government'bf South Australia ranked seismic studies one of its tor. four priorities 
f6r research during 1988. The Centre was the recipient bf funds from SENRaC for,seismic 
studies related to the Enhancement of Onshore Seismic studies! The late Professor Rav 
Sengbush from the Colorado School of Mines provided initial input into this project. 
Although it has been delayed by the need to seek a new Chief Investigator, the project Is 
expected to recommence during mid 1989. ' 

Thei paper "The Influence of structural growth and other,. factors on the configuration of 
f i x si!"d s t o n e s> Cooper Basin" was presented at the 1988 APEA Conference in Brisbane. 
Mn A. Thomas, A current Masters student, presented this paper and his performance was a 

E n T1'«!•>?• i n t r e ' A P^?1; c i l! i t l ec l ' A methodical approach to critical well re-evaluation' 
by RJ. Willink was accepted by APEA for the 1989 Conference in I-Iobart. 

The Honours and M.Sc. theses by Centre students also form a substantial body of research 
work. A bibliography is given in Attachment A. This research is related to many aspects of 
ForstudintprojecLs0" l h C i n d u S l r y il!lS f r c c l y P r o v i d c d data from many Australian basins 

Sierra Geophysics Inc., which is located in Kirkland, Washington, mftde a very substantial 
donation of geophysical and geological software to the NCPGG during late 1988. A press 
release received during early 1989 outlines the reasons for this donation (Attachment BY 
{sierra has a reputation for setting the Standard in industry for geophysical and ceoloricnl 
software. The Centre is the firs! recipient of donated interpretation software (2DI) from 
Sierra to a tertiary institution worldwide. This software {jrovides is an important research 
tool, and enables valuable 'hands on' traiiiing to be given to students. Its doriatibri is an 
excellent demonstration of the Centre's distinctiveness iii education and research. 
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CO-OPERATIVE VENTURES 

s s a a m i 
iMercslIn staff e x i n g S , o f " C S M s ? c s s . c d 

, possibilities of , ctopcrllivo . S S ,h £ u S ™ ! . y ™ a S n d S 3 S 

H S H M S s g ^ ^ 

\ ' ••'.••• 
• II , ^ . . • • .. 

B f „ C ? c m r c during 1988 had five full-time professional staff who Undertook the bulk of th«. 
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STAFF 
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NCPGG 

Dr. W J . Stuart 
Mr. N .Mi Lemon 
Mr. A.B. Mitchell 
Dr. R.J. Willink 
Ms. S.E, Phillips 

Director 
Petroleum Geologist 
Senior Lecturcr-Geophysies 
Petroleum Geologist 
Research Officer 

TIIE UNIVERSITY OF ADELAIDE 

Prof. L.A. Frakcs 
Prof. D.M. Boyd 
Dr. B.M, McGowran 
Dr. V.A. GOstiti 
Dr. P.R.James 
Dr. G. Korvin 
Dr, D.M. McKirdy 
,Ms7'S. Stojanovic 

Professor 
Professor 
Reader 
Senior Lecturer 
Senior Lecturer 
Senior Lecturer 
Lecturer 
Museum Curator 

THE FLINDERS UNIVERSITY OF SOUTH AUSTRALIA 

Prof, C.C, von der Borch Professor 
Dr. S.A. Grcenhalgh Reader 

TIIE SOUTH AUSTRALIAN INSTITUTE OP TECHNOLOGY 

Dr. J.B. ,Tago 
Mr. B.B. Ftirrow 

Senior Lecturer 
Senior Lecturer 

QUEENS UNIVERSITY (ONTARIO, CANADA) 

Prof. N.James Professor 

INDUSTRY 

Mr. J. Bowler, 
Mr. A. Clark 
Mr. D. Crowe 
Mr. M, Rennison 
Mr. M. Wiltshire 
Mr. G. Woods 
Ms. B. Youngs 

Consultant 
Shell Australia Limited 
AMF 
Consultant 
Wiltshire Geological Services 
Santos Ltd. 
SAGASCO Resources Ltd, 

0 



NCPGG FINANCES 

INCOME 
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Luiiub p i o v i a c a c u s n i o n l o r t h e p o s s i b i l i t y o f financial 
a n d o p e r a t i o n s arc m a i n l y s u p p o r t e d b y d o n a t i o n s a n d g r a n t s 

T h e s ^ E S i S t o 1 g n , m S f r 0 m V i l r i ™ o r g a n i z a t i o n s , 
b e c a u s e t h e 4 = g V y ^ ^ d 0 n 4 t , 0 n ' 

EXPENDITURES ? 

T h e NCPGG 1988 e x p e n d i t u r e s a m o u n t e d to a tota l o f $411 469 f m ^ i n T i , „ Z, •, 
r e l a t i n g t o t h e s e e x p e n d i t u r e s is s h o w n in A t t a c h m e n t C ( p d f i C X l h c d e l f t l 1 

i K ^ g g s & i g 
W k s s ^ * 1988 - — 

INTANGIBLE COSTS v 
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1988 NCPGG INCOME 

COMMONWEALTH (DEET) 

STATE GOVERNMENT O F SOUTH AUSTRALIA: 

SOUTH AUSTRALIAN DEPARTMENT OF MINES & ENERGY 

INDUSTRY: •1 

AMPOL EXPLORATION LIMITED 
BIIP PETROLEUM 
ESSO AUSTRALIA LTD. 
LASMO OIL COMPANY AUSTRALIA LIMITED 
SAGASCO RESOURCES LIMITED 
SANTOS LTD. 
SHELL AUSTRALIA LIMITED 
WESTERN MINING CORPORATION LIMITED 
EARNED INCOME o 

$ 

.176,500 

50,000 

5,OO0 
10,000 
10,000 

1*500 
20)000 
50,000 

5,000 
7,500 

41,103 

TOTAL INCOME 

CARRYOVER FROM, 1987 TO 1988 

376)603 

316,714 

GRAND TOTAL INCOME 

LESS 1988 TOTAL EXPENDITURES 

693,317 

411,469 

NET INCOME CARRYOVER FROM 1988 TO 1989 281,848 

RESEARCH GRANTS* / 

PERMIAN SANDSTONIi/'sTUDY, COOPER BASIN 

(NERDDC*, SENRAC*, CSIRO & WESTERN MINING CORPORATION) 62,775 

THIN BED SEISMIC STUDY 

(SENRAC) 5,400 

ENHANCEMENT OF ONS1IC&E SEISMIC DATA 
(SENRAC) % " 50,000 

i X 

C 
ACTUAL FUNDS RECEIVED DURING 1988 

118)175 

10 



1988 NCPGG EXPENDITURES 
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% 

•9 0 

- f 

SALARIES 

EQUIPMENT 

RESEARCH/TRAINING 

BOOKS 

BUSINESS: 
TRAVEL 
MAINTENANCE 
ENTERTAINMENT 

OFFICE EXPENSES 

VEHICLE 

1988 BUDGET 

260,945 

72,500 " 

31,000 

4,000 

18,750 

7,700 

6,000 „ 

ACTUAL* 

258,702 

72,104 

40*725 

3,189 

28,294 

4,479 

3,976 

TOTAL \ 400,745 411,469 

For dl.nilcd expenses to explain variances see Attachment C. 

SPECIAL ITEM: SCHOLARSHIPS 

INCOME: 
•o <? 

CLAREMONT PETROLEUM N.L. <i 
CLIFTON HILLS PASTORAL COMPANY 
ORCA PETROLEUM N.L, 
SENRAC FUNDS (SEISMIC RESEARCH) 

TOTAL 

EXPENDITURE: 

SCHOLARSHIPS 
>A 

3,500 
4,500 
6,000 
2,50G 

16,500 

16,500 

11,286 
12,266 

4,742 

' 

' o if 

" ' J f 

/ y 
VJTTV 

11 
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.Y 
X 

INDUSTRY 

Student Industrial Program' 

Advisor,'Board Meetings 

Lecturers • v; .. :•:.••. 

Donations: Periodicals & Books 

TOTAL 

INSTITUTIONAL OVERHEADS 

US'n 'ERS/TY OF ADELAIDE 

Housing of Centre 

Dept. spec, staff (DM) 

"Dept. staff (teaching & supervision) e ,, 

>,'• Equipment " ' - ' ' , ' ' < ' : • 

<; • TOTAL , • . -i> ' 

FUNDERS UNWERSfTl' OF SOUTH AUSTRALIA 

Housiftg ©^.Centre ^ 

Dept. staff (teaching) .•••••„.• 

-Equipment 

TOTAL 

THE SOOTH AUSTRALJAN INSTITUTE OF TECHNOLOGY 

• Dept. staff (supervision) •<> 

Equipment 

GRAND TOTAL 

$K 

200 

1 5 0 

60 

j $ 0 . 

4 6 0 

7 2 0 

1 5 0 

60 

9 7 5 

1 3 

4 0 

1 5 

68 

5 

5 

1,513 

•I 

I • i «• 

\ 

12 



NATIONAL CENTRE 1988 CURRICULUM 

SESSION 1 - (5 weeks: 1st February - 5lh March) 
Lecturer 

AT 

Structure 
Organic Geochemistry 
Field Excursion 
Petrophysical Logs & Patterns 
Applied Petrophysics 
Sandstone Reservoirs • 
Study Days 
Assessment 

• Total ^ 

"SESSION 2 - (12 weeks: 14th March - 27th May) 
; :> . 

Seismic Acquisition and 
Processing 
Seismic Signal Analysis 
Seismic Processing 
Seismic Interpretation 
Applied Palaeontology ;> 

Australian Phanerozoic 
Evolution 
Carbonates: Diagenesis/ 
Reservoirs 
Drilling Operations. " 

Regional Geophysics 
Remote Sensing/Image 
Processing 
Effective Negotiations 
Exploration Strategies and 
Economics • 
Study Days -
Assessment 

Lemon/James 
McKirdy 
Lemon/Willink 
Willink ." 
Bowler % 
Willink/Lemon/Gostin 

SESSION 3 - (7 weeks: 30th may - 15th July) 

Field Gamp (Flinders Ranges) 
Field Days (Moomba) 
Seismic Acquisition 
Seismic Stratigraphy " 

Case Studies, 
Study Days 
Assessment 

Lemon 
Stuarl/Clark 
Greenhalgh el at 
Mitchell/ 
von der Borch 
Stuart 

\\ 

SESSION 4 - (6 weeks: 18 th July - 26th August) 

industrial work'cxpcrit'ncc 

Grand Total 

0 1 2 8 

TACHMENTA 

Days 
Geop Geol 
5 
5 
1 
4 
5 
3 
4 
3 

30 

4 

3 

35 . 

30 

144 

5 
5 
1 
4 
5 
3 . 
4 
3 

.30 

Mitchell 5 
Korvin 9 -

Korvin 5 -

Mitchell 9 9 
McGowran/Stojanovic/ - 3 
Woods 

Frakes 2 2 

James 3 3 
Willink/Rennison/ • 4 '•• . -6 
Wiltshire 
Boyd 2 ' 2 

Lemon/Stuart > 2 2 
Crowe 1 1 

Youngs 2 . 2 Youngs 
7 11. 
3 3 

49 49 

8 
4 
8 » 
3 

35 

30 

144 
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C O M P L E T E ! ) ' M l I C S E S 

^ o ^ S s l ^ S ^ u l h A u ^ ^ i ^ i l T o n s i r '' lnd S t r U C , U r a l C V a l U a t i 0 n ° f t h c Lakc-Drolga Held, 

GH.EDID, R, - A study of Bennett Field,.St.rat Basin, Queensland. (Grad. Dip.) 

M 9 ^ * Sequence stratigraphy outlining the depositional history of the Barrow 
Group Sub-basm, Northwest Shelf, Western Australia. (Hons,) (confidential untirNov. 2571990) 

S S ^ h>'dr°earb0n P0,entil" °f thC Ped!rka Basi"' Soulh 

fie^^in?he"(^oper B a ^ arid Brumby gas 

Central Canning Basin,-

A ° u 3 a P ( > I o i s 9 ) 8 " D l a p i f , ' e c o g n i t i o n a n d h i s t ° 0 ' seismic, Arkaringa Basin, South 

S N J l l S c . f 1 9 8 8 ' A S t U d y ° f , h C P a t c h a W a r r a Formation in the Timtwarra field, Cooper 

LOELIGER M, 1988 - Diagenesis of sandstone reservoir rocks in the UDber Ront-r r.mnn nf th-
Protcrozoic, MeArthur Basin, Northern Territory. (Hons.) ( c o n f i d e n t i u l u n t f f i ' 

E r o m S las in!ISl . 'h A u l S . C V 6 1 U t < 0 n ° f ^ M c r r i m d i a ^ 

S ' E S ^ ^ C V° 1 U t i 0 n a n d r C g i o n a l C a r b o n potential 

(Hons!) P J ' 1 9 ? 8 " S t l 'U C l U r a l d e v e l 0 ' 1 ^ 1 C h , i n ^ Northeni Drummond Basin; Queensland. 

^ f o l l ^ A S , * « — * in the Daralingie 

! & ^ o M * - * » in 

STOCKMANN, J.E, 1987 - Seismic stratigraphy of the Tertiary sediments in the Damnier Siik 
until1 Nov. 25, i989R)ank in P l n t f 0 r n l • N o n h w c s « S h c , f - A U s i f c l i ^ ^ ^ 

! 9 8 8 A R c s e ^ o i r development Within the Waare Formation, Port Camnbell Embaymeht, onshore OtWay Basiri, Victoria. (Hons.) on <_ampnej| 
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Y O N CI, U, - A t ' o o l o ^ i c a l sillily' o r ihc lliisnl JuhlsKle S a n d s t o n e s in ihi ' G r a f t o n R a n g e F i e l d , 
S i imf B a s i n , Q u e e n s l m n J . ccx te rnu l M . S c . ) 

Z A U N B R E C H E R , M , b . 19K8 - Hydrocarbon s o u r c e . p o t e n t i a l o f i h e U p p c r R o p e r G r o u p , 
M c A n h u r B a s i n , N o r t h e r n T e r r i t o r y , (Hons,) (confidential unti l N o v . 2 5 , 1 9 9 0 ) 

S U B M I T T E D T H E S E S 

CHAMBERLAIN, W.B, 1988 - A study of the post-Eocene development of the Bass Basin, 
Southeast Australia. (M.Sc.) 

THOMAS, A.D, 198S - Structural analysis of the Southwest Cooper Basin in Northeast South 
Australia, (M.Sc,) • > " 

T H E S E S I N P R O G R E S S 

ALSOP, D.B, - The effects of diagenesis and fades distribution on reservoir quality in the 
Permian sandstones of the Toolachee gas field, Cooper Basin, South Australia, (M.Sc.) , 

PARROLL P G - The structural evolution and innuence on sedimentation of the hydrocarbon-
pro IKG i d ge a I pa- M c IT ini Ê  i A-I n n am i n k a trend, Cooper Basin, South Australia, (externa! M.Sc.) 

ELEFTHERIOU, J. - DiagCnetic influences on reservoir quality of the Strzelecki-Kidman-Kerna 
a r e ? , C o o p e r B a s i n , S o u t h A u s t r a l i a . ( M , S c . ) 

HUDSON, G.R.T, - An investigation of near-surface geochemical exploration techniques for 
hydrocarbons, (part-time M,Sc.) 

LUCAS, G.E, - Tau-P processing of triaxial seismic data. (M.Sc.) 

MILLER, L.V. - Multivariate statistical analyses applied to the delineation of reservoir facics 
from seismic data, (M.Sc.) 

^ n Q t O N , C.J. - The application of threshold pressure data in the study of Cooper-Eromanga 
Basin cap-rock seals, (external M.Sc.) 

OLDIIAM, A.C. * A SciSmic stratigraphic analysis of the Permian section in the Patchawarra 
:'£ast block, Cooper BaSin, South Australia (pah-time M.Sc.) 

SIFFLEET, P.B, - Attenuation estimates for the Cooper Basin using vertical seismic profile data, 
<:< (external M.Sc.) • . . . „ • 

SCl-iULZ-ROJAHN, J.P, - Modes of origin, evolution, and controls of Permian sandstone 
feservoirs, Cooper Basin, South Australia, (Ph.D.) ' M 

THOMAS, A.P. - Diagcnctic alteration of certain arenaceous and argillaceous units of Jurassic to 
Permian age in the Moomba field, Southern Cooper Basin, South Australia, (M.Sc.) 

Q 
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THORNTON, D.A, - Suucnlrnl and stratigraphic development of n genetic unit within the 
Devonian sequence, Bnrbwire Terrace, Canning Basin, Western Australia, (part-time M.Se,) 

WEEDEN, R.J. - Regional analysis of the Mirbelia Dolomite, Canning Basin, Western Australia, 
(external M.Se.) 

J 
% 

C -
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ATTACHMENT H 

FOR IMMEDIATE RELEASE: January 19, 1P89 
For more information/' please contact: 
Susan Fink /••. .:" ' 
Edelman Public Relations 
One Greenway Plaza ? 
S u i t e "700 • • / . v : . •". ••-,y •• ' 
Houston, Texas 77046 
( 713 ) 623-26615 // 

• d ' • ^ • 
Sierra Geophysics//donates $90,000 of software to 
National Centre for Petroleum Geology and Geophysics 
in Australia .••'•'-> 

HOUSTON — S.i«!rra Geophysics, Inc . today announced that 
the company is/donating $90,000 (USD) bf licenses in Sierra 
exploration software to the National Centre for Petroleum ^ 
Geology and Geophysics (NCPGG) in Acjelaide, Australia. // 

^ • • J/ 

„ •' "This donation represents Sierra's support for and 
recognition of the outstanding work the NCPGG does in" training • 
students for a career in petroleum exploration," said Barry 
Lewine, Sierra Asia-Pacific account manager. . M n addition, 
We'll be looking to the NCPGG to assist u§ With /'beHchWeiirks and 
industry projects that would be worthwhile educational 
qpportUnities for their students»" 

• ij • , 1 • • 

XieWihe said that Sierra plans to make additional 
donations of licenses to NCPGG as the company's business 
develops ih Australia. "We want to enhance our support to 
NCPGG by providing more software for instruction and 

i ' • ^ research as our business in the country grows," he sh'id. 
! 

: -more- • 

. « ! • < • • • V. ' '• I IV' >.«,,>.< • II' A I,"" / ." !!'•'> I U'k-I 1 Tift .'./(.'III tit It !/<> i'V.i, . 
1 ,• • >, • . III f: I J/, , • i„, ,„ , //,, jr|.',n,i ,,/., 
• • • ., i. •• ... • h • • •• I,-• (, i/.y (.o.'i'.i 
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Donation 
Add One 

Sierra is donating to the Centre licenses for four 

products: ' '..'•'•'•••" • : ĵ-.-' • ' " 
o 2DI t 2-D seismic interpretation softvp're; 

• o > MIMIC: geologic modeling and mapping software; ^ ; •' • 

" b' QUIKLOG, seismic well-log analysis software; 

o OUlKDIG: digitizing software. , „• 

•'We will be utilizing Sierra's software for teaching, y ^ 

research and demonstration of projects as part of our 

continuing program to foster cooperation between the petroleum 

industry,' acad*mia and the government," said Bill Stuart, 

Ph.D, who is director of N'CPGG . r 

. The NCPGG was initUMd.,^. furtding,^rbffi the federal 
government for a key Centre in la ?. 1985 and it is strongly 
supported'by the state government of S o u t h "Australia and the 
petroleum industry. The Centre involves the University of of 
Adelaide, The Flinders University of S o u t h Australia and The 
South A u s t r a l i a n Institute of Technology. ' 

• " T h e c o n t r a i s a p r i m e t r a i n i n g g r o u n d for f u t u r e . , s t a f f 

f o r t h o s e c o m p a n i e s i n \ h e p e t r o l e u m i n d u s t r y and h a s an 

a g g r e s s i v e s e i s m i c r e s e a r c h p W w s a i d J o h n A r m s t r o n g , 

P h . D , c h a i r m a n of t h e NCPGG A d v i s o r y B o a r d and g e n e r a : , m a n a g e r 

o f e x p l o r a t i o n f o r S a n t a s L t d . " C e r t a i n l y , t h i s c o n t r i b u t i o n 

b y S i e r r a w i l l h e l p t h e C e n t r e t o e n h a n c e o u r p r o g r a m s and 

p r o v i d e t h e m o s t a d v a n c e d t e c h n o l o g y f o r t e a c h i n g a n d r e s e a r c h 

a n d d e v e l o p m e n t p r o j e c t s . " 
- m o r R -
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Sierra is the only supplier of hardware-independent 
software "for modeling, interpretation and seismic processing. 
The company is headquartered in KirklandWashington and has 
'offices in Houston, Texas; London, England; Calgary, Alberta 

and Washington D.C,,' 

. f 

»• f f t ' 

il " 

a 
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S I E R R A M E D I A L I S T 

CALGARY SUN' 
CALGARY HERALD 
A A PC. EXPLORER 
AMERICAN OIL & GAS REPORTER 
ASIAN OIL & GAS 
AUTOMATED GRAPHICS ENTERPRISES 
BUSINESS & INDUSTRY 
CANADIAN CLINICAL LAB 
CSEG RECORDER 
DRILLING CONTRACTOR 
EDMONTON JOURNAL 
GEOBYTE 
GEOLOGICAL MAGAZINE 
GEOLOGY : , 
GEOPHYSICS: THE LEADING EDGE 1 

,JDF EXPLORATION ' 
•^GEOTIMES 

GL'LI" COAST OIL WORLD 
FLWST BREAK-
HOUSTON BUSINESS JOURNAL 
HOUSTON CHRONICLE 
HOUSTON POST 
INTERNATIONAL OIL NEWS 
JOURNAL OF CANADIAN PETROLEUM TECHNOLOGY 
JOURNAL OF P'ETROLEUM GEOLOGY 
KHOLH CHANNEL 11 '' 
KPFT-FM RADIO . V 

KPRC-AM R A D I O S 
KPRC, CHANNEL 2.^ 
KTRH-AM RADIO' ' - -
KTRK, CHANNEL I 3 
MID CONTINENT OIL WORLD 
NATIONAL OIL JOURNAL , 
NOROIL J • , • • 
NORTHEAST OIL WORLD 
OCEAN INDUSTRY 
OFFSHORE ,, 
OFFSHORE DATA SERVICES 
OIL II GAS AUSTRALIA 
OIL & GAS JOURNAL 
OIL & GAS NEWS 
OIL WEEK 
PETROCONSULTANTS INTERNATIONAL OIL LETTER 
PETROLEO INTERNATIONAL 
PETROLEUM COMPUTING 
PETROLEUM ENGINEER INTERNATIONAL 
PETROLEUM INFORMATION 
PET ROLEUM MANAGEMENT 
PETKOMIN ASIA 
P L A I T ' S OILGRAM NEWS j! 

H 
.. . • ' ., • v • ,-> \ \ 

REUTERS 
SEATTLE POST INTELLIGENCE 
SEATTLE TIMES " 
THE ASSOCIATED PRESS 
THE ENERGY REPORT 
THE NEW YORK TIMES , , 
THE OFFSHORE RIG NEWSLETTER 
THE OIL DAILY 
THE OILMAN 
THE SUN OBSERVER 
UNITED PRESS INTERNATIONAL 
WALL STREET JOURNAL 
WORLD OIL. 



1988 NCPGG EXPENDITURE 

SALARIES •;'"•'•' ' 

- PROFESSIONAL STAFF 
Net salary . , « 
S u p e r a n n u a t i o n w ' n J r ^ 
P a y r o l l t a x l \ u o \ V ? 
Workers c o m p e n s a t i o n 2 '571 ' 49 
R.SBngbUBh(SENRAC FUNDS) 1 3 , 1 B 9 . ' o 2 CR 

- CLERICAL SIAFR 
Net salary „ 
S u p e r a n n u a t i o n v , n " I ? 

Payroll tax 1 " 0 . 9 4 
Workers compensation 3?S*V6 

232,096,00 

24,345.46 
- SERVICES (SL'UOILNTE) 

Not salary ? 
P a y r o l l tax 3 9 2 ' ? , 
Workers compensation I V 1 ? 
P ^ i f i c o i l S Gas income* 6 ,000.00 CR 

• 2 , 2 6 1 . 0 2 

TOTAL SALARIES EXPENSE 
' 253,702.48 

* Student indus tr ia l Program 
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A T T A C H M E N T 

.EQUIPMENT 

- Hardware . • • • <•• ' 
Tapes t'or Dec Micro fln n n 
Webster Control ler card 5 2 5 0 0 

( kennedy Tape drive 247 ^ ''' 
V Miriiscribe Hard disk " J * " 

Carter i>hone terminal 025 60 
DEC HardWare/sofevare °° 
maintenance - 22/7 /88 4,000,00 

- 28/7/88 2,000.00 

Industry equipment"''80 ^ ^ 
Vax i n s t a l l a t i o n 
Tektronix equipment and 

, Graphics terminal 3 4 . 
i n s t a l l . Mi«oVa* II 22 sSo'nn 
industry equipment S " ™ 
Merlin tape \>f®®'00 

AusBic duct I"'-8 0 ^ 
I n s t a l l memory Webster 4 ,676.'00 

- Software 71,004.28 
Lopatin package 5 0 0 t 0 0 

500,00 

(TOTAL EQUIi>HEN'J' kXPEUSE 
7 2 , 1 0 4 . 2 8 



1 0 , 0 0 0 . 0 0 

RESEARCH/TRAINING 

Teaching & 
Log Evalua t ion Courses 
Flindere-Moomba ''.•• 

f i e l d t r i p 2 ,500; 00 
C a r b o n a t e L e o t u r e ( N i a a i u e s ) 5 6 2 , 7 0 

, D r i l l i n g Lecture . 
(Renni.son) 

Travel - Williamson 
(Lecture) 

F u j i Viddo tapes (P.Vai l ) 
AMF - Carbor.at.e v ideo , 

.0' 
650.00 

474.00 
2.36.00 
191 .GO 

14,614,30 

T r a i n i n g / S c h o l a r s h i p s is. . . 
SAIT 6 ,000.00 
F l i n d e r s Q,000*00 
Adelaide 8 ,000.00 

2 , 4 , 0 0 0 . 0 0 

Student Excurs ions 
Travel - S t u a r t 185(60 
Travel - Thomas , 100.00 
Vehiclo use 83^75 
Travel - Lemon 277.81 
Travel - Willink(Moomba) 342.82 
Accomodation (Moomba) 
- S tudents and s t a f f 1,100.00 
Travel - K i l l i n k 20.20 

2 , i 1 0 k i s 

TOTAL RESEARC!1/TRAINING EXPENSE! 40,724 <48 \ \ 

Books 3,188.90 



u 

V', 

0138 
B U S I N E S S 

I 
T r a v e l • , • • • / / 

W . J . S t u a r t 
- r e c r u i t m e n t 

.',;' - Adel-M^l , 
- Adei-f/onberra 
- N W S S<RM.. ' ' 

A.B. ^ . i t c h e l l : 

I - CSfl' ( a i r f a r e ) 
- Sojiemic Conference 

N.M. Lemon 
- '/Conference'' Canberra 

// - // 

U . J . Wil l ink 
Ik APEA • " 
- Adel-Mel 

NWS S y m . 

1 , , ( 3 6 . 0 6 
, , ' ' 3 2 2 . 0 0 

4 5 4 . 0 0 
/' 7 2 4 . 0 0 

, 0 6 8 . 8 5 
4 5 4 . 0 0 

6 4 2 . 0 0 
3 2 2 . 0 0 
7 2 4 . 0 0 

2 , 6 3 6 * 0 6 

4 , 5 2 2 . 8 5 

7 0 6 . 5 0 

1 ,680.00 

A.D. Thomas 
- APEA 

A.K.•Duckctt 
- P e r t h - ^ A d Q i a j ^ e 
- Adolaide~Pe;rth 

P e t r o l / 
L 

5 1 3 . 0 0 
5 4 4 . 0 0 

. TOTAL TRAVEL EXPENSE 

; . / : 
Maintenance 

W.J. S t u a r t 
•<=•• r e c r i i t i n e n t 
- NCPGG (ASEG Conf.) 
a NWS Sym» ( r e g . 6 exp . ) 
- APEA Conference 
- AI.P Conference 
- Yorke Pen. (N.James) 

A,B. Mitchell 
CSM 

R t J i K i l l i n k 
- Geol P e t r o l 
- A I ' E A coiU'eronce 
- APEA " 
- APEA (exp . ) 
- NSW Sym. ( reg . a exp . ) 

J 

A.D. Thomas 
* APEA ( r e g . ) 
- APEA ioccotn.) 
- APfcA (oxp.) 

1 , 5 7 3 . 8 8 
6 1 7 » 0 0 
3 3 7 A 0 0 
3 4 5 ( 0 0 

80.00 
7 9 . 0 5 

6 9 . 8 0 
3 4 6 . 0 0 
1 8 9 . 3 1 
3 2 4 . 0 0 
2 9 7 . ( 3 0 

3 1 0 . 0 0 
2 4 3 . 0 0 
1 4 2 . 0 5 

610.00 

1 , 0 5 7 . 0 0 

6 5 . 2 9 

1 1 , 2 8 5 . 7 0 

3 , 0 3 1 . 9 3 

1 , 0 7 9 . 7 0 

1,226.11 

695.B5 

ff 



. • L.A. Yong 

- Adelr-Acquinats 

Advor t i GGIUGIVtS 

Brochures . 

Subsc r ip t ion 

Other itonis 

P , V a i l workshop expense 
!•• ,, ' ' '.' ' • " II . ' . . ; • 

',?: TOTAL MAINTENANCE EXPENSE 
' • 

;', ' Less Income from 
•'• - KMC 
• •. AMF 

SADME ' ; 'V ' 
;• •« Poseidon 

- Nugent 
J Grybowski 
- WMC ' 
- SAGASCO 
- Morgan 
- L o s l i e 
- WMC '*' 

"sADME 
SADME , 

- SADME 
^ SAGASCO 
« SANTOS 
- SADME 

, 9 0 . 0 0 

600.00 
1 0 0 . 0 0 

.100.00 
1 0 0 . 0 0 
100.00 
3 0 0 . 0 0 

: 3 0 0 . 0 0 

5 0 . 0 0 

5 0 . 0 0 

, 5 5 0 . 0 0 

5 0 . 0 0 

5 0 . 0 0 

2 5 0 . 0 0 

i o o . o o 
, 1 i 0 0 0 4 0 0 

100<00 

NEiE M A i H i f f l l f t M e f W f i S S f i 

« Enter ta inment 

ArinUal S tudent Fiihctions* 
- New students 

" - Company representat ives 
(Luncheons) 

& • 

NCPGG X'mac p a r t y , 

c> Other i tems (pe t ty cash) 

TOTAL ENTERTAINMENT EXPENSE 

* Student Welcome and Farewel l 
o 

T6TXL BUSINESS EXPENSE 

1 0 5 . 0 0 

4 , 7 1 2 . 6 1 

2 , 5 7 6 . 0 0 

2 0 4 ( 4 8 

1 , 2 9 5 . 8 2 

1 , 1 4 8 . 5 6 

1 6 , 1 5 6 . ^ 7 

3 , 8 9 0 . 0 0 

\ \ . 
1 2 , 2 6 6 . 0 7 

§ 

4 8 4 . 1 5 

2 , 5 8 6 . 5 7 

1,600.00 

7 0 . 9 0 

4 , 7 4 1 * 6 2 

to m M to «* M k* is 



OFFICE EXPENSES — — J , 
- P r i n t i n g 

p . V a i l course 
Envelopes 
Other i tems 

Postage 

- S t a t i o n e r y 

- cciurier 

Accommodation - RtSengBtish 
Rent - R.Sengbush 
R.Sengbush (SENRAC FUNDS) 

P o t t y cash 

TOTAL OFFICE EXPENSE 

308;70 
24.95 

134*55 

1 7 3 . 1 2 
1 ,000.00 
1 ( 1 7 3 . 1 2 CR 

460.20 

255.28 

1 , t90 .56 

344.86 

0 t 0 0 

1 ,420.20 

4 J 4 7 9 . 1 8 

VEHICLE 3,976.38 

TOTAL NCPGG EXPENDITURE F. 1 9 8 8 ,, 41 1 ,469.09 
ttiaisi tscseaDBJiaw 

l! 
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