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Absolute specific gravities requested in your  letter of 29

April (DME 142/66 dM:DB and DME 192/86 TH:MB) are as followss

272
2.73
2.70
2.47
2«47
2,47

S RLT7R2
2;65

.65

- BLE5

Moomba 45 A " Plug

fan - : S
e SN

(=Y
ULt

Plug 6 S 5.63
11 B - 2.65
12 : ‘ 2,45
14 - ' I

Moomba 52

Total eation exchange capacity measurements were ‘made. on’
selected eore plugs from Moomba 45 and  Moomba 52 for which
porosity and permeability had been determined. These results
‘are given below with C.E.C. in meq/100 gm: This figure can be

canverted €0 6V (meq/ml of pore space) by the eguation:

ol ow C.Eib;

Qv = -
100 |
{ === = 100}
1¢

where d is the abuolute grain density and ¢ is the porosity as

a proportiont

., Moomba 45 .. Moomba 52
Sample CByELCs . ‘ Sé@ﬁlé’ CLE.C.

' 3 tad ‘ & 1+3
4 1:0 7 0.9
5 L1al i1 1.0
& 148 12 4041
4 0.9 14 0.9
8 09 '
5 “ 0.9
1 0s&
iz 0.7
15 0:5
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. Date: I0/10/87 . weed |

i cooFiley FaB94/BB il |
G PORDSITY/PERMEABILITY | ,
T B o

o 5

CH e R e i A el B
[ ?“gV Lol ©Client: Department of Mines and Energy Locationt Coodpetr Basin SRR SRR

A Well:  Big Lake-l - - Country:  Australia T SR
g ‘ Field:  HBig Lake : S o R

Sample Depkh  Permeability Porosity Grair Density
i (Fast)  to Air 3] ~paleulated
‘ BT ‘ (millidarcys) P grig/éa
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2.68 1T
e

|

779960 . . 0.05

S 780650 C G008
7801.30  0.05
7801. 60 - 0.08
702,40 0.07
780350 0.10
7807.30 08
7HOH: 50  o.08
780920 : 0.01
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Date: S0/10/87 |,
- File: FeE9e/eR G

POROSITY/PERMEABILITY -

Client: Department of Mines and Energy ‘deatians Cooper Basin . "
Well: Big Lake-i E ‘ Country: . Australia

Field:  Big Lake ;
| bverburden Pressure: 30,303 kPa ;

| Gample . Depth . Perneability . Peresity ¢
1D : o eet) o ke Adr o (&4 S S s L
SR R el S thilllidarays) R s

7799.60 1 - B -
7800, 50 o 0.04 SO &
7801.36 . G020 &
780i.60  o.0f Felo A
7802.10 Coele2 . b e
7803.50 o owoz 78
7808.50 .02 &8
780920 0400 S Bk
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Date: 30710787
File: F&B96/88

! K B PORDSITY/FERMEARILITY

el - Clients - Department of Mxnes and Energy’ Locatiant Coopar Hasin . |
| Well: Big Lake=2 | Country:  Australia s
Fields Big Lake ‘ . v b

ot et T e T T s T

E. ‘j?~ ﬁ L i}_ Bample Depth o Permeab:llty Porosity Brain ﬁensity
L‘ R ID ' (faat) ok AL VA R Calcul ated
? Lt ‘ ORI - S o tmiYlidareys)l - gmsleE

T

V7453a90‘ 0.77 . o .iOaz‘ 8 : \EQGﬁJ
TA455,80 [N B B i2.2 ‘ 20,47
7457.00. o Ba.s2 iz.g © Bubb
7481.90 - 9.04 12.3 Bk
- 7464.50 151,18 14,4 : CB.bB
7466,70 . B.22 otie B L
7465.80 34.03 S 1406 B 47 L SRR
7472.00 . 304.96 8.1 ‘ 2obb g
16 -~ F473.00 40,39 14.0 B. b
11 . 7475.00 740 R L 2. b4
i3 C7480.00 0. 02 SOEGT e e R
13 . ‘ '74&3:10" 009 Had : eNvie]
14  Y4@s.g0 o 081 9.4 | 3. 69 G
15 © . 7554,30 . AB1.96 DR AT 2. b6 R
ia -~ 7556400 403,785 - i7.0 o R.b6 RS SR
17 7857.90 - 340.13 S - I R 1
ig 7541 .00 575: 70 o - o Ba s
ie © 7549.060 82,13 ‘ RN ¥ PRI R b SR
belo] 7570.90 ¢ : 6. 08 RN : L2448 v SR
21 7575.00 .71 ii.¢ 2 bbk
22. ‘ 7575&?6 Eusﬁk N = 4u1 S : ﬁaéa
33 CYE77.30 . 0.40 106 R
c24 . ys7E.10 0 L0700 o i.e By B
b5  7880.00 0 0.38 ‘ i 5 84
56 7581.10 0 7.80 8 bk |
27 L 759&350,‘ ‘ ‘407#76 Aabé R L
28 . 7887.00 186 2:84 dat
29 7590410 S0 12 ‘2;65; S ,
30 3 C7EBEL00 0 40,29 Bib4 o
3 7611:.86 018 B
32 7hlbid0 . 0.05 2. 49
32 T617.70 000 S bk
34 7E18.76 .32 2. 468
35 761510 0. 34 S.47 |
35 7RO 0 BuiR : : RaE7 v
37 ST R 00 R L - FE 184 R~ % 1 E
3\ L 7ER2B.OG . BRE.V4 el L Babl
34 : 74529.30 BB I g 2.4 pron Rl
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o i S et » . Dpate: zo/i0/@87
B S o . S | L File: FeB94/88
b e . PORBSITY/PERMEABILITY

_..» Client: Department of Mines and Energy Location: Cooper Basin
g o Well:  Big Lake-¥2 o . Countrys = Adstralia
R S v Field: = Big Lake R e ST

t”‘;'»l . dample  Depth  Permeability Porosity  Brain Density
By o (feat) o AdE o (%S i Caleulated.
o : {millidareys) ‘ L T gms/ee

2. bk
2. 468
2a &7
2.71
2,867
Eaé?
2a 48
B, &7
2. 47
Bel7

=

41 9847.30 0,07
42 . 7648.00 0.02
4% . 7673.80 0.1y
4q) 747710 019
45 . 767Bidﬁ o 0&12
s CTE7YL0 0 0.47
47 74BO:H0 G018
48 : 7681410 0430
49 7682,00 . G.32
56 7683.70 0,68
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Dates
File:

OVEREURDEN paRmsxTv/pERMEAQILtTv

Glient: Department e Mifes and Energy Location:
Wells Big Lake=2 : C Coutnkrys

- Fields: Big Lake

Dverburden Pressure: 27,288 kPa

OUUJB

30/10/87 ‘

F&B94/E88

Looper Basin

Alistralia

ampls _ Depth Fermeability
S (feet) o Air

(millidareys)

Forosity
(m

7483.90 o 0uES
7454, BO R 1:04
7MM. ‘,‘% . 079
- 745700 CB1.4S
7451890 7483
- 74E4:.50 127.706
748670 e 8.36
748%:80 . 33.01
. 7472.00 : : 280.20
i0 S 7473:00 B3.7&
11 ; L 7700 ‘ A 5:93
© 12 B 748000 P 0,01
i3 - 7a@3.do0 - 0.08
ia L 7483.80 [ERTPI o P |
R R IR 75544u0' _ 34970
14 B 75564 00» V7412
17 S 7557:90 269.94
i ‘ © 786100 : S Si0.51 .
SR . oyEeb.00 78,52
20 7570:80 v o 0k01
B1 . 7873.00 o oRaaz
22 o 7575:90 s I o PR LA
23 L 787730 : e 026
24 : o 7578.10 ‘ : : 0. 40
By 7500, 60 0410
26 . 78Bid0 | 4,87
-y 4 : ‘7§84a00‘ : ‘ S w70 65
28 ‘ 7587.60 PR , 0.80
29 ‘ 7550. 10 . PR 1= PR £ =
30 S yBRE0e o BEidw
2 | Cowhli.Es 0. 05
33 ‘ , ?MEMU“ 0402
33 TH517.706 0 : <0400

SmNoUSWR- |

34 ‘ 7618.70. S 0.14

s S 781840 0,12
36 S 7620060 Lo
T e SR /-3 B o e ERRRNN - 1B.42

ooz O 9E58B.00 o abi.6%

E T 7639.36  14.51
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Date: 30/10/87 S
File: F&E76/88 ' i i
| OVERBURDEN POROSITY/PERMEABILITY T
k“\g‘ﬁg : Biiéﬁts‘ Dapartméhﬁ of Mings and Enesrgy Leocationi Cooper Basinp, {
L o | Field:  Big Lake S ‘ ' ‘ ' | e
F g . Overburden Pressure: 27,288 kPa S
[A ot . Bample | Depth  Permeability Parosity e
RIS S ip S tfeet) | te ALr L RV E B
y ‘ s ‘ : ' {(millidarcys’ ‘ ‘ SRR
T : . 7847.30 0.0 7.2 -
R e o oaR et - 7449.00 . 0.0l Gl et
aa 7677.40 0.08 9.0
45  7678.00 . 0.04 7.2
o as 787910 Lo 6.7 i
A , a7 7680.60 0: 03 bubs S
4 e o zealdo . 0.09 8.0
i a9 = 768200 | 0. 14 &y 1 e
o 56 v 76E3:76 0 0.36 5.9 T
£ . L
i i
)' ' i B ‘L ““
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Date: 30/10/87
File:i F&B94/88

O T R

 1QfV‘, E T e e POROSITY/PERMEABILITY

ettty Hge, i

m'_iéntﬁ Depar‘tment of Minas and f:.nel"gy Lucatmnn* ‘ Cnbpéi" Eé’siﬁ .
ERNAERY SR Welli Big Lake-3 ‘ . ‘ EmLmtry-' Australia
Lk . Field:  Big Lake R IR

(R R Sample  Depth  Permeability = Porosity  Graln Density o
R 1D N I to Air SR Y) - Baleulated :
dmillidareys) B gme/ee .

B251.40 TBE . UmE o 2.48
B253.70 0,09 B4 2. bb
B2S4, 00 o 0.08 . @B 2.90
8285, 20 R T -7 A T 4 -]
@284.10 0.2 8.0 o 2.70
BZ56:70 0 0.2 {00 C by
§287.60 . 6.07 . . - Bu& 270
HZ58: 30 008 EeE 7L
8841.20 0 0.08 S L B9
| 8984, 60 8247 RS VN BP0
Cod o | 82685. 00 C 1009 134  2.68 |
R Hokk . 48 354 B - RRREI - IR
o iE 26708 asaZe 144 2,67 o
T 14 BB47.90 <FIPL- T - S - S
I - SRR - -7 1- 1o BERRRE . - » SRR 13.8 g4y
t6&  Berl.EG 007 B2 5,70
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NiEA . Date: 30/10/87
File: F4B94/788

QVEREURDEN POROSTTY/PERMEABILITY

e e e e i et e

xQIieﬁti ﬁeparﬁﬁen; of Mines and Energy Locatian: Cotper Basin
Wells  Big Lake-=3 S Country:  Australia
Field:  Big Lake U s

il

Saiple © bepth . Permeability - Porosity
T (feets e el W
Y o : (it 113 darays) . :

i o Epsila0 117 S 1z.8

% mmeae0 0 0.01 SR TE O
4 : 8355 20 R < PR T 16.0

L. B&T7O - 6.06 9B
. BEsY.e0 0,063 - 7.8
B250.30 | 0.31 7.4

o oy

¢ m N w

16 | 8264.00 47,74 | SRV T R
o B24S.00 - e Cime o Y
iz @zésa0 298 oz
i4 B267.96 BT - | 151
i5  EzeB.s0 0 274 | o ime
[T TR - <7 £ 0 R 0.37 77

g 4 et T s

o T

i i S 3 e

Overburden Preasure: 27,288 kPs o o . ' 1 4\*'"

5 8253, 70 o b.0% ) FONEE

@286.10 0:06 A e
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Cliént: Department o
Moamba-10
Muomba

Wells:
Fialdz‘

POROSITY

Dateas

File:

f‘Mines and Energy Location:
‘ ’ Counti-vs:

00014

30/10/87
Fapea/an

Cooper Basin
Australia

Sample

1D

Depth

(feet)

Porosity

()

Grain Density
- (gm/ec)

'

K e

o U S

11
13

14
15
14
t7
iB
i

i3

sy

7769.02

7770.00
7773.01
7775.02

7776.02

7777.02
7778.02

77806.065

7764, 03
7786. 00
7787.00
7789, 60
7791.00

7792.00

7792.11
7795.00

- 7794400

7798.60
780000
7808, 082

12.3
1.4
S 14.z2
181
10.4
>12h4
1.3
14,2
EOE
1.0
B 3
2.5
448
M-
93&
10.8
i1.7
138
14.6

72567‘
2.67
2,47
2.67.

R.&7

- ?367‘

-

2.43
2.646
2.75
2.57

 B.4B

345
2. 68
3. 68
5.48
. b7
B 48

291
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'Daﬁed 30110!87(
Fila: F6E94/88
'OVERBURDEN POROSITY/PERMEABILITY

Jvf@u« . Clients: pepértmeﬁé of Mines and Ehérgy“LQCatimn: Cooper Basin
g o Wells Moomba~10 : - Cauntry:  Australia
e Field:  Moomba L

L : : DVerbUPden,PféssuEe&.‘EB,BAQ‘kPa

Sample

1D

. Depth
t{faat)

Permeability

< tmd)

Forosity
(Z)

RV R T T RO S (e

16

7769.02
9776.00
7773.01
9975, 02

7976, 02
I977. 0%

S 7778.02

7786062
7784.03
7784.00
7787.00

7789.00

7791.00
779200
779211
7795.00
796,06

77598.00

780660

7802, 02

3.57
3.44
25.8
434
0.904
Qi b
555
100
50, 001
$6. 001
0« 004
6. 001
0. 604
6. 604
b, 028
0,557
1.34
3.77
55,4

coshioi

1146
137
17.5

9.8
12,4
16,7
13.6

1.4

1.0

i 3.4

S
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14

153

| ; H
: . 2 5
\s i o
P e fE
T re | 1
A ;‘ ol
S . X
e i ; p ;
\} FEEA k, i
o \} SR el 4
bt i Ly
e S i
- R\ ‘ 5 h W
RS [ b
A . b
v




TN

i?wg' L
e S " | ‘l Y . DboOis
AT : ‘ Date: 30/10/87

R r B N . File: F&896/88

. OVERBURDEN PORDSITY/PERMEABILITY

Clients Départment'hf Mines‘and“Enérgy‘ Location: Dodﬁer Basin‘

Well: Moomba=A47

EPe]

B

Fiald:

Cauntry:

fustralia

Depth

(feet)

. Porosity

A

Grain Density
{gm/ e

r

o m N ot

g2525.07
B226. 06

B229.01

8230: 00
8231, 00

B233.00
82354, 09
B34, 06

| B238.00

239,08
624100
B242. 06
BE44. 10

B149.00
HE55.00
H255. 03

B8257.00

5.1
14.5
17.3

165

S16.8
ié;7
8.9
8.2
5-3
4.9
5.0
1.2
o7

Octh

6.8

-3

&5

1.4

2,84
5,77
5. bb
847
5. 87
oL &7
2." 617
8,49
2,49
2. 45
8.91
2. 44
2,60
5. 60
,Qaég
5.88
5.88
Bard
Babb
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ol Field:

‘,Dateé
File:

GVEREURDEN POROSITY/PERMEABILITY

Moomba~47
Moomba

if‘ i 1_,f ' Dverburden Fressure: 28,000 kPa

55 EREEE R Elient: Department of Mines and Energy Lecation:

Countrys:

o |

30/10/87
FaB96/88

Cooper Hasin
dustralia

Bample
1D

 Depth
(feet)

Permeability

¢l )

C o Porasity
()

oo N ms N

=
=

BR95.07

AT B8294.06

8598, 00

8229.01

823000
BR31.00
B233. 00
H234. 09
B238.00
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B241.00
éﬁAﬁaﬁ&
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‘Hi46.00

253 00

B255. 03 .
257,00

b3
o N
P

izi
§7.6
40.9
23.5
0.183
0.017
6003
0. 009
0,008
0. 000
0. 000
0. 000
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G008
6.000
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Page 5 of 5
‘Datker 29/10/87
File:‘”FéB?é

HIR/NATER PDRDUS PLATE

CAPILLARY PRESSURE END FOINT® BATUHQTIDNS

Departmant of Mxne= qnd Energy Fmrmat1un- Daraiingié‘

Moomba-45
Modmba

Rw of Saturant Brine:

Location: Cooper Basin
Couritiry: Australia

1.28 ohms/m . Pressure: 1470 kPa

Deptti
(faet)

Permesbility
To Air (md)

Parasity ‘End ~Poift” Baturatlmns

AR Z Fnra VulUme

(7

a &

-
3 w‘&‘~& mfﬁi~&a

B140.2

Bi74.7
B173.0
315715
G177.2

B157.3

E175:8
B152.7

g158.8
8155, 6

9.8 - T

12.5 ‘ 43.2
9.6 E8.a
13.2 e 547
10.0 v 74.8
15,0 g1.2

Bi-AL o Akt
iRl o ‘ 1341

20.0 ' §:7

180 ‘ L. i7.4
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DISCUSSION OF RESULTS AND PROCEDURES
1. INTRODUGTION

B, ~ One inch diaméter samples were taken - at th_'respect1VE depths
I . ~ihdicated by the South Australian Department of Mings in the
Lot letter of 23 Navember 1987 (your refi DME 249/87). Tap water

was used as the bit lubricant and the sample faces trimmed~and

c e géquared prior  to  beifdg placed  in  a  sokhlet  extraction

i .. apparatus with a 31 chloraformn/methannl  mi% ta leach any

regldual hydrucarbons abd ‘salts. :

:The Eamplas were pla:ed‘xn.d cwnventlunal dry oven  at iOO“G
prior to  pordsity - and paermeability to air measuremesnts at
‘éﬂbiéﬂt and net ovarburden: pressures. ‘

B  POROSITY AND PEHMEAEILITV TO AR

Pmrn~1ty meashrements pera made util151ng the Boyles Law
helitn injection teehnique to determine g“aln volufie  and
sample bul ke VQIUme was determzned by Mar ey . 1mmer51mn. :

o ‘ Pu#meab1lity th air was determ1néd us:ng the Jones Pérmeamaterr
ceod © whékeby samples wera@ loaded into the haggler holder and

B confined wgitg a presswre  of 250 psi. Al was  then flowed
thirough the sample and the differentisl pressure  acrossé the
vutlet face of the plug measured on a straight tube manometer.

3. DVERBURDEN PDRDSLTV AND PERMEAHILITY TO AIR

'Samplas were lbaded xntu the uvmrburHEn hassler ceil and pore
o ‘ velume measurensnts made At 250 psi confining  pressurd. The
AREEE N . haggler esll wasg than pkeggurised te the respeckive averburden
A L prEssUFE and poore VL Lme pa-detarni nad. Overburden
It permaability Ed air was alsd dahermiheﬂ at thig stage.

[; ” ‘ ' H ABSDLUT: GRATN DENSITY

N : Offeuts $rom the ende of the samplés werg gdved  and srushed
NS T for dbsolute grain denszty and  Cation Exchange Capasity data.
T ‘ ‘ Absoiute grain density is determined by ukiliging & grushed
1 : partioh of  the gample and placing it ifte & pyenometer.
i o Weights are recorded of thHe empty pyenometer afd  then khd
; ‘ gample weight. The pycnometer ig then filled with alechoel arid
the hew weioht recorded. Absoiute  grain dergity is determningd
Ey the pyehomneter wexghh divided by pychumetew capaci tys

B ey 5. cATan EXCHANGE ¢ APAGITV

o ‘ o Bakiwn F%Hhahge Dépacity ig HEtermmnéd usxng tHe Wét thémihtry
u ‘ - kEehnigue uktixging ammoniug chloride ag the swohangs medium.
Lo ‘ Cthe  smmeRium ehloride  ione  replaege ail the saxehangeasble
: , eabiutie 1A thE  erushed  sample  and i Gurs o dhE  ammeRiddb
SN P . chluride is repinmed with sadium “uiphidp ions. Tikration at
Phiceet thy end  of  the ket pruaadure determines  the ambunt  of
Pl e : Buehanteable fofs pressnt in  the  sanple and  this  value fe
) T rapbrﬁhd a8 m:ll:eduivalénﬁg p@w 100 gramé of Qémpléﬁ‘

e i G i o it R
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1. INTRODUCTIDN -

On 8 January 1988 édrregpmndENma wWas réceiVéd fram thé:”Bbhth“

Australisn Department of Mines and Energy, (your ref: DME 249/87

JIBEM:AMY,  detailing analyses required concerning thie dngoing

SENRAG Project 2/86.

The analysses required waeres

‘a)  Bation Exchange Capacity
b)) Absoluhe Brain Density

ALl ¢ alyses Cwere  performed: ﬁn‘the offcuks  of :are‘pIQQé as .
detailed in your letter. . : o .

2. CATION EXCHANBE CAPATITY

Cation exchange capacity (CEC) is determined on the clean, dry

eirushed plug offcuts using the wet chemistry techhiq&ég‘

Ammenium chicride (NH,01) is added o a  knows volume of sample to

| exchange with the cations normally prasent in the elay structure.
Bubsequent washidgs in NHYCl - ensurg that the sample iz saturated

with ammorium chlarida.

i

Sedium sulfste (Nag80,) ds then used to replace the bended

anmenium chioride ions. The residual ammordun ehloride is thHen
eatablished by titration. Values are reported as millisgquivalents
par 100 grafs. . S - ‘ SR

3. ABEMLUTE BRATN DENSITY

',Aﬁsaiuﬂm grain density is determined by pyenometry using alenhel
-as the reforshce 1iquid,  Valugs of absolute grain dansity arg
Creported a6 grams per cds “ ; o

4. CAPILLARY PRESSURE

The samplas were pladed in & soxhlet extraction  apparaius with
methantl ke Fembve aty  Pesidual  salts  from the  eleckrdiosl
proparties part of the test progran. The sanplag were then placed
in a dey oven st 110%C prior to redeternining snbient porosity arid
perneability to air. o i L

Bampine wers then plaged  in &  high pressurd saturater  and

Bvacuated betore ke Lhbed lustion of & desersted  simulated Nacl
forrakion bring. The simulated  fermakion brine wag pafstrusted
from the Rw supplisd by the HMines and Epergy Departmert of 1.28
Bhiem at 2540, The samples were ramoved from the  saturstor sad

‘weighed ko aseertain 100 per  eedt  brine saturation had  been
athipved befers baing placed in the pordus plate eell ak 1380 kPa

Waker displacemsnt from the eell was monitored oveE wavaral days
UkEL]l Fe mare  wabter was  being displased.  The samples wers them
romaved and  welghts recorded,  The sanples weapd replaced  1n Ehe
eall and resaved svery  sdcond day  and weldghts reacorded ountil the

wialghts whabilised which inditated eapillary pyuilibeium had beaen
aehivved at this pressurs wf 12HO kPa 1200 peil. L o
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o " RS Cor:.espondence was’ recelved at Amdel Limited on 3 October 1987

: = Absolute grain derisity .

N

UOUbﬂl‘ i
L. INTRODUCTION

* (your ref.: DME 249/87, 21 and 29 ,September 1987) requestlng the
following analyses be performed ‘

B T

= Porosity arid permeablllty to air at overburden
= . Cation exchange capacity .

Results of pOI'OaltY anid permeablla.t‘y to air for the subject wells
Were reported in Amdel Limited report number F 6896/88 ~ Part 2
ot 30 October 1987, Amdel Limited was initially requested not Lo
perform cation exchange capacity nedsurements or absolute gra:m
density determinations until "advised by the South Australian
- Department of Mines and Erergy, Subsequént discussions with Mr J.
© Morton of the Mines Department have now duthorlsed this work to.

ke performed. o |
' i
This part 5 report of - SENRAC Pro;lect 2/86 ‘details nesults of - '
abgoliite grain density for Big'Lake=1, 2 &nd 3 and Moamba=10 and
,47 Cation - ekchahge capaolty determinations are currently ino . 2
‘progress and restlts will be forwarded as they beccine aVallablEx S
‘,z‘mﬁmumcmMNmmmmr‘ ‘ . L ‘f“‘ | o .
‘ Sample offcuts had been retained and were cmshed to gra:.n gize. -
A calibrated pycnometer 18 Welghed and & Jniown volume of sariple iy
. 8dded: Alcohol 18 Used as the reference licuiid and values of !
grain dénsity calculated at & standard temperature of 20°¢, Ik
Values of grain density are reported ih ghig/ed, S o |
{
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‘Table 1
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AMDEL CORE ANALYSIS -
Big Lake No, 1 . ~ Ambient
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AMDEL GORE ANALYSIS

‘Big Lake No. 1 - Amblent
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fable 8

AMDEL CORE ANALYS1S
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Permeability (md)
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L . AMDEL GORE ANALYSIS

sooc b Big Lake e, 1 30800 kpa G
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AMDEL CORE ANALYSIS
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 Table 2
‘ 4 . AMDEL CORE ANALYSIS

Blg Lake No, 2 ~Ambient
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2,27
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B 24,05 2,86
- e 2529 5,29
piod 16 22.58 5,29
oo At 24.69 2,88
i 23,67 2.5
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2,21
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‘ 148 21.90. 2.28
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: 21 2626 5.5
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Grain Density
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AMDEL GORE ANALYSIS
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r , ff“dﬁ,u Py .‘f Big Lake No, 2 I 27288 kPa
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Big  Lrake No.

 Bulk Volume
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AMDEL CORE ANALYSTS

‘Dry Defisity
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S e R i T Table . 1

AMDEL CORE ANALYSIS
Big bake No, 2 . Amblent . | SR ‘k e
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AMDEL GORE ANALYSIS

Table

Big Lake No, 2

2

~ Ambient

Sample  Bulk Volume
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Table ‘ ‘3

AMDETL CORE ANALYSIS

Big Lake No. 2 27288 kPa
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“Table 4

AMDEL CORE ANALVSIS

| \ |
k ‘ , S - | IR P ‘
~Big Lake No. 2 o ‘ 27288 kPa e ‘ i o
, R | ‘ : s L I
!
!

} R T e Bulk ' Apparent

IR IR S Sample , Bulk Vblume . Dry Density Grain Density

‘*31 : 28,70 e 8,50 ‘ ‘ Co2.Tl ‘ ‘ L
Ll iae 22.89 : .61 R 2485 ‘ p iR
CRE L < T 28,86 844 ‘ 2.6 D PN RO
) 88 24.29 0 24b ‘ : o 2.87 N : R T
Sboose 0 ed4,01 e84 e | )
> oo 87T 22468 o 2428 o 2,68
L CEe o 88 « . 26,36 2,88 2,66
S R ERATE 1 DR Tgi.68 ‘ oo 2,80 o 2,66
! f f“‘,' 40 ) . : 28«73 L 2,26 ,2570 ‘ ’ .
SR T O N A 21,06 -2 AT 2,66 S ‘ R
Sl d s de o 24,15 2.52 2468 R o

“;k   Q; .43 T : 21089‘ : 2,48 ‘ 2,67

et a4l 8508 2.4 T T . : o
A o de ’ ‘  23 17‘ 2:48 ) . 2067 ) ' ; : L U;>1

46 ‘ 20.98 . ‘ 2,49 2.67

g oo 21.81 2.50 5.68 L
48 gB.a4 : 2,45 - L A « S

49 BRI PR Y1 8,48 g, 67 o S e
B0 22,08 ' 2,40 EEE 2,67 g L

Wy




= ‘Table‘ , 1

AMDEL GORE ANALYSIS
S SE - Big Lake No, 8" ‘ ~ Ambient

lf S O ’.:3:5a‘ﬂ‘,&xzj":‘i:—;;-._—."-,_-:=‘=:T*:'=;-_-“-._-“=‘.:..»-;:::’-.—,‘::J-.'.-_'g=né:“‘::n&t:x::‘::*‘:..-‘m::::u:ﬁfé:i‘:‘,:t::&-;ﬁéx:d:’:&&ﬁk:xz’b&i:ﬁ: ;
R Sample Depth =~ Permeability (md)  Porosity (%)
82587 i 0,089 8.4
8254‘ ) ' ‘““_ 0;052 : ) 8.8
8266.2 1. : 0,569 . 10.7
8266,1' . 0,285 R
o8egT.el o, 0,072 8
 sass.sl 0,082 s
ieeel.gl 0008 ST
‘ ‘ 16
3
2
4

o

LG e O L300 B O

el [ S NS O L e

o100 8284 o ba.T 1
b cooogeest i0.1 - ig
SRR 826641 3.56 L 12
oot is o o oB267a0BY 46,8 A4
R .. ..B2e7,9' B Y © 16456
T 18 82718 0070 8.2

- o T T o . 0 ’\\ I B AR o BRI S e e RS o R B v-— S i TR

00078




PET Ly
i:
! i
Loty
4

i
' Ry
! i
ﬁ X
v F
’ :
‘ :
i e
# i
b
&
e
\
b
;

O 001 T O T i 60 B £ gy

00079
Table 3
AMDEL GORE ANALYSIS
Big Lake No. 8 = . Ambient
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C Table 8 :“ | LA T L

AMDEL CORE ANALYSIS S R T R

Big Lake No, 8 = St 82846 kPa ;
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| AMDELECORE.ANALYSIS | , ‘ L = PR AT S
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Big Lake No, 3 32845 Ipa
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: Safiple Bijik Volhme Dry Density = Grain Density
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sUMMARY A L

Over 240 core plugs from all producing formations in the Big lake and . .
Moomba Fields (Coopeér Basin) were aralysed by AMDEL Ltd., for porosity - ' 1

and pérmeability (both at laboratory and reservoir pressure),

- Selected plugs were analysed for cation éxchange capacity

. ;
S I

 (CEC),grain density,and electrical properties. Irtreducible water

| satiurations by capillary pressure were also determined on Some plugs. . .
coooouog oo ok simple factor has been detersined Wwhich corrects porésity measured

S I at amblent laboratory conditions té overburden conditions,and simple

: 'y relationslips have beén derived for correcting ambient permeability data

{ 1 to overburden. A new porosity equation ,based on the sonie¢ log ,Has been

T

e m T SRS e

‘shale and gas effects,and compares well with the overburden core
| porosity data. , o e \ R
... Water saturation (Sw) has beéen calculatéd using a modified .
1 Waxman-Smits. equation ,and used in commbination with the new porosity
| equation, resultsgin a lowéred porosity in gas and shaley sands and a
] rdised Sw in shalgy sands; when compared to previously useéd standard
. j.methods. Ovérall; the method conpares well With the standard SADME
L . L.method (Northeott porcsity, Indonesian Sw), but thé current Unit method

,,‘ (| déveloped for Cooper Basin reservoirs.This equation corrects for both
X
|
|

SR ekt e

v gt st

©p loverton: porosity, Simandoux Sw) appears to be too optimistic. |

RN

U Work to complete the project in 1988 will concentrate ‘on gathering
moré -eleéctrical propertiés data to refinie CEC and §w determination.

| The study will also attempt to derive porosity, permeability and 8w ‘

| cltoffs between prodiuctive and non-prédictive teservoirs using RFT dnd
PLT data. At the mometit the porosity cuteff is 8.8% for all formations

~assuming that the perfieablility cltoff is 0.5 md at ambient cenditions (

0:18 md at overburden conditisrs) . : -

s
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71,0 INTRODUCTION

"Q o P L ‘ - 00093

The alm of the project is to more accurately estlmatp porosity
permeablllty and: water saturatlon and thereby derive better regerve

gstlmates for gas reserv01rs in the Moomba and Blg Lake Plelds (Cooper
asin) . ‘

ThlS will be dchleVed by.
1) callbratlng log data by usging accurate coreé analysxs datd.
29 develop accurate algorlthms for porésity and Sw:
3) determine cutoffsg between productive and hon= productlve reserv01rs.

To date 245 plugs have been cut by SADME for analys1q by AMDEL. The
breakdcwn by formatlon 1s as follows ‘

. Toolachee Férmation 118
‘Darallngle Formation = 45
Epsilon Formation 15
~ Patchawarra Formation 17
7 Tirrawarra Sandstone 40 ,
BY analv91s the breakdown is: ‘ R
‘ Porosmty/permeablllty (Amblent and 0verburden)‘ 245

~CEC and Graln Densmty ‘ - SRR 93
 Swiry £ : SRR

Blestrical Properfles PN : S e B

2. 0 CORE ANALYSIS PROCEDURES

S

CIH. the past AMDEh determlned poroslty by

{1) Measurenetit of grain volume in & matrlx cup.
(2) Measurerent of ambient pore véluse in a Hassier holder at 1 000
kpa seallng pfessure.
(3) Measurement of overburdesn poré volume as 1h (2) but at
‘overburden pregsire (20~40 000 kpal
Récent checks wlth CORELAB on the samé plugs medsired by AMDEL 1ndmcated
that AMDEL"g bleht and oVerburden mesguremnants weve giving, in general
erroneohsly hlgh vallles. This Was due €6 & sombinatiss of 2 tactors:
(1) Sealing problefs assogiated with the Hassler holdér at i ooo‘kﬁa
cdiising ext¥a poré volume for amblent pPoresi by,
(2)Poor plig qﬁallty (rigoges s1des,non square etds,tes short plugs)
‘ ledadiny to‘errors i# neasurment of pore volie.
In order to improve data quality a merdury pump was refurbished se thaﬁ
bulk velufe coild be deteriinaed at ambient conditiond makiny rediundant
the error profié fea§tiremerit of pore voltme. The ambieht prequre Wwas
_ifidreased to 2 158 kpa €6 eilminate gealing pfoﬁlems aésodlated w1ﬁh the
grain voline médsirement,

The f0110w1nd procedure was adepted: ‘ B ‘ |
(1) ALl pillgs were deied at 100 degc in a dryihq sven atid stored 1h
a. desmddator prlor to core ana1y51é medsurementsa'_\‘

e et g i i bt e g
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5o g e

4

- (2) Bulk vVolume was measured using a mercury pump,and grain volume
was measuréd using a matrix cup (using Boyles Law helium injection

technique). Subtraction of these gave the ambient pore volume  (at
2 758 Kpa) and hence ambient porosity (APHC). The ambient air

core holder. ‘ ‘ , ‘ ‘
(3) The pore volume reduction between 2 758 kpa and the required
overburden pressure was measured and by relating to the actual pore
volume obtained in (2) above , the true overburden porosity (OPHC)
could be obtainéd. The overburden permeability (OKHC) was also
-, determined at this time. S R
This technique compares with the results of other service companies and
‘ambient to overburden comparisons show much less scatter than
previously.Consequently, AMDEL undertook to remeasure all core analyses

on Cooper Basin plugs previbusly obtained by SADME.All permeabilities

"giyen in this report are not klinkenberg corrected.

2.2 Cation Exchange Capacity and Grain Density
<..'....‘:_'__....._..n__z...g..;'_..".’..u-'.;.’_'....'..z.....a....“...-.a_‘.;..‘.._..‘..;_'_‘_.'.;...__-.;..a-

Offcuts from the ends of plugs were saved,dried and crushed to grain

_size using & "Seib" mill. Cation exchange capacity (CEC) was measured by
"“thé;Wétlbhémistry‘tecﬁniquEputiiising ammonium chloride as the exshange

| medium.The ammonium chloride ions veplace all the exchangeable cations
| in the crushed sample and in tirn the ammonium chloride is replaced with

scdium,sulphidevidms‘fTitration at the end of the test procedure

determines the amolnt of exchangeable. ions present in theé samplé arnd
rted as milli-equivalents per 100 grams of sample.

Absolute grain density (RGXC) was determinied by crushing a pertion

- Oof the safiple: to grain size and placing it into & pycnometer.Weights are

Yecorded of the empty pycnometer and then the sample weight, The

| 'Pyenometer ig then filled with ethaniol and the hew weight recerdsd.

fmgbsclupe graifi density is determined by the pycnometer welght divided by
- //E\Ehe-pycrometer capacity, and is caleulated at a standard temperature of

20 degC. Vallies 6f grain density are reported in gratis/ce.

1 2.3 Capillary pressure (at Irredicible Satiration only)

Gore plugs were placed'in a soxhlet extraction apparatits with a mixture

of chloroform and muthatiel to leath &ut any residual hydrocarben and

| salts.The plugs ware the placed in & dry oven at 100 degd pricy to
J ambient re-neasuremerits of permeability teé air and porosity by helitin

injection. The samples were then pladed in a high pressure satuvator and

| svacthited before the introduction of a deaérated simulated Nacl ,
-} formation byine. The sirulated formatien brine was constructed from the
1 Rw supplied for eéach weli.The plugs were removed from the saturator and

weighed to ascertait 100 per cent brine gaturatisn had been achieved
betore beitg pladed in the porous piate capillary pressure o
cell,Hiimidified air was then introduced to the celi at i 470 kpa. Watey

displacerent from the eell was monitored over Several days until e mere
ff water was bedny displaced, The samples wWers then removed and the weight

| ' 00094

permeability (AKHC) was measured while ¢onfined in the Hassler type.

g

g
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1osa\recorded They were replaced in the cell and removed every second
day "and welghts recorded until stabilised weight- loss indicated
capillary equilibrium had been reached at 1. 470 kpa.
It must be noted that these "end pOlnt" saturations may not reflect
the true Water Saturation (Sw) existing in the reservoirs, as Sw

kpa translates to an approx1mate équi ‘alent height of 366 feet above

the gas water contact,whlch is about the maximum observed ¢logure in
Cooper Basin gas reservoirs. In general the 8w observed 1n Yeservolrs
‘shiould Be higheér than the laboratory irreducible saturation from
capillary pressure (Swirr) . Also, these data are deteérmined at
laboratory température and pressure and it is probable that at reserv01r
‘conditions the resuits w111 differ.

2.4 Electrlcal Fropertles
Each core p“ug was mounted in & trlaxlal reslst1v1ty Gell de51gned
to hold the plug at overburden pressure while allowmng the plug ends td

s make £ull contact with the cell electrodes: A synthetlo brine was

prepared at 4 sallnltles 25 000,10 000,5 420,and 2 000 ppm. Formation

“DPrines in general are in the range 2 000 =12 000 ppm. The resistivities
1 of these brines (Rw) were measurad {ising a laboratory conductivity ‘

! meter. Each mounted plug was in turn evacuated and then deaérated brine
was admitted into the pore space under pressiure {6 000 Kpa) to ensure
complete saturation. Approximately 100-200 ml (50-100 pore ¢¥olumes) of
the brine was allowed to slowly flow through the plug while the
tesistance weré monitored. The resisivity at 100% brine saturation (Ro)
. was caldulated when a stable reésistance reading had been obtained.
Desaturatlon of thé dore plug was achieved by slowly toreing brine f£rom
the plug using a regulated sUpply of hunmidified &iv¥.The plug wWas left
I equilmbrate Until a stable resistancé was reached to compute the
re51sh1v1ty {Rt). The volumé of brine gxpelled was measured and after
*‘alloW1ng for the holdiup volume of &he c¢ell and tubing, the saturation
the cove plig (Sw) was caloulated through knowledge of thé overburden
pore volume from previsus porosity measurement‘ This desatdration :

i procedure vag repeated to produce a serleés of Yalues for Rt at various
- gaturations untll domplete aif breakthrough made no further desaturation
| possibie. The aim of these measuremenits was to estimate the shaliness
ifidependent saturation exponent (M#) and shaliness independatit
cementation exponent (N*) for use in the Waxman=Smits (1968) 8w
squation. F* (shaliness independeént formation factor) was calelilated by
plokting Cw versus Co whére F* yas the dlope of tHe reyression line;and
i theﬁlnterdept *Bmava from whicH CEC dould be lndependently daloulated;

I

of

f F* Han then be piot%ed agalnsﬁ por051ty to nge M 1 8y -

ﬂ Fk =
I i

o {oPHE)

{ Rgsistivity Index (RI) wasg corre&ted for shailnese by»

uu_—-u—umu

(4

00085

depends on the height above the gas/water coritact.The pressure of 1 470
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) S ({cw + Bva) / Sw) X RT |
~RI : BR L e e e o ¢ o 2

| Qv corrected) (lCw + BxQv)
A plot of RI (Corrected) versus bw ylelds a slope of N*

Where: Cw = conductﬂvzty of the equlllb&vtlng brine
‘ B = the equivalent conductance of sodiunm exchange cations
QV = pore volunme concentratlon of clay exchange catlons.

3 0 PRELIMINARY INTERPRETATION OF RESULTS

i, i R e s s ] i i ded v G e e e b i i e ot o et e e P08 P B i i e s e i

"Al) 1aboratory analyses and. petrophy51ca1 log data have been entered
on SADME's MV20000- computer, and software developed by Ian Northcott
~and Associates Pty. Ltd. ('GBICK' ) has been used to oorrelate and
manlpulate data. : : o ‘

S 341 Amblent to 0verburden Porosity

—-I_-———‘nn.nb«odl—\—k———dmu"n—n———-————u———l—“—-ﬁh-l—m
1

Figure 1 simmarizes all plugs for which amb:ent and overburden porosity
“Were measured. Ambient pressire wag 2758 kpa ahd ovérburden préessure
ranged £rom 20=40 000 'kpa. The correlation is excellent and gives a
porgs:ty réduction factor from ambient (APHC) to overburden (OPHC) of
0.9

obHE = ABMG % 0.85 . - | | o (3

?Jaiz'AmbienE’to 6vefbuf&en permeabiiiﬁy

Flgure 2 summa¥izes 4all plugs to date which have amblent (AKHC) &atd
‘overbirden (OKHC) permeability measuremetits . ~

~ ThHe cdorraelation above one millidareay (imd) is excellent dand shows
relatively little effect of overbirden presgsiiré.

Fcr ARHE éboVe imd, the gollowing eqdatmon wWasg aeveloped*

‘ 1:0207

(AR T

ORHO = smmumumss For AKHC 5 imd o ‘ (4}
1.5137 ‘ | »

For AKHE leéss thar imd the relat1onsh1p is less clear but sverburden

presshre appéars to Have a muech yréater effech‘ The followmng

relatmonskmp was established:

1,868 ‘
o laRHe) G e e ERETIE U
OKHE & wasmme CFer ARHE ¢ inmd . 5}
1.8838 . ‘ T :
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The generally accepted permeablllty cutoff between reservoir and non
reservoir is 0.5 md at ambient conditions for the Cooper Basin

“reservclrs At overburden using equatlon (5) above this would correspond

t6.0.18 md.
3.3 Poroslty/Permeablllty Relatlonshlps

_—-...-__—.-—-.._———.—.u—»..‘.g-_.-_—————.—.—.—_——_......

Figute 3 shows the correlatlon between por051ty and permeabmllty at
overburden condltlons. Althouqh there is considerable scatter there
appears to be a 51mple relatlonshlp'

i ((42.‘4242:&09}10‘).—\ 5 ) s St
ORHC ='3.2745 % 10 . ‘ o I 1))

- ‘U51ng the 0verburcen permeablllty cutoff of 0.18 md the'overburden,
ok por051ty cutoff wouild be 0. 088 (8 8%)

'3 4 Log derived Porosity

0 e e e i S S b s i

Because hole condltions are in general very poor 1n the Cooper Basin
4nd also: because of gas effects, the densmty log is not a reliable :
por051ty tool in this basin. The sénic log is generally dehéidered‘tb‘,

i

i ‘glVe better results.

'hf The standard “Wyllle { iniié et al 1956.1988) sdﬁic porésity dquatisen

ILS 3

R (1 = PHIW) % DTnia + PHIW X DTfl ‘ : (7y

1 -of the more usual Bxpregsion:

BT -  DTma Sk ' : o
PHIW et e T T L e ‘ . (8) .
DTfl = DTa R ‘
Wheres
. DT = Sonic 1og travel time (micre secs/ft)

PHIW = Wyliie porésity (f£raction)

DTma = DT of rouk matrix ‘
DTE£L = DT of fluld in the pore space

Flgure 4 shéws bhe cordelation of OPHE and PHIW; ueing an average PTma

= of 56,0 dnd & DTl of 189 (Water) The maln drawbacks with this methsd.
| dare that

{(a}) POfOSltl 88 below 6% are over esﬁzmated due to shale D& being
greatey than elean sand DT

{b) Théve 18 & greut amoutit of séatter on the crbsspiot in parh
probably due to gas Bffadts,

i
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‘(1976) derlved a purely. emplrlcal solution i

(AR

L The standard Vsh equatien is“

1 Where!

8

For the last 10 15 years ‘this problem has been recognlzed and Porter
the "Porter Equatlon"f

08803 x (DT = 54.5)

PHIP = —ssommmmommmmoioonoo {9)
o ~GR #* lll 16 L o
Where  GR = Gamma Ray 1og (API units)
PHIP = Porter porosity (Fraction)

Fléure 5 shoes the correlatlon of OPHC with PHIP

In 19§2, I.W. Northcott derived for SADME a rev1sed version: of thls ‘
équation ; the "Northcott Equatlon"* : '
o DT - 53,0 S
PHIN = —semsosmscaaonons (10)
‘ 139.71 + 0.841 0 * GR
Wherc PHIN & Northcott Poros1ty (Fractlon)

ror the Moomba/Blg Lake Fields this was modified to account for
overbuiden effects on porodsity by subtracting 1PU from equatisén 10
above. . Plgdre 6 shows the coérrélation with OPHC.Both the Northcott and

Porter eduations below 6% porosity overeStlmate porosity,‘but above this
there 1s considerable scatter.

3Recent1y a new emplrlcal goliition was proposed by the unit operators in
the Cooper Basin ¢ the "overton" equatmon' ' :

DT = B5.5

s o B it o G s s W e o A o i

PHIO =
(A B % GR} ~ B5.5

(11)

A and B dre empirically dernved consﬁants from 4 particular

»fmeld ot formation
) ‘and PHIO = Overton Porosity (Fraction)

‘Flgure 7 summarizes the correlation betweén Ovérton poﬁosity and OPHC.

uAgaln the equation over estimated porosity below 6% and there 1s
‘congiderable sdatter in the high porogities
- The Overton eqUatmon attempts to correct for shale and gas effectd bv

making DTEL an emplrlcal furiction of GR , although thers is no
theoretical justification for why DTE1 should vary with GR: By

| domparison with the orlgihal MWyllie" eguation;it would appear more
‘gflogmcal that shale would ifierease DTma and ¢as Hould dnereasé DTEL.«Thus
i a bettér porosity equaﬁion should be able to be developed which Has DTnia
<1 a fﬁndtmon of Vsh and DT£l & fiinction of sw.

6R = GRiin

Vil 8 wosssnsouusea

GRmax = GRmin

000Y3
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9

4 Where: = ‘ " L : : ‘

N Vsh = 16g derived volume of shale (fraction) : R ’

b CRmax = Maximum GR log value equvalent to 100% shale (for the g

{ Cooper basin this is 180 APT) ' SR | E N

.. GRmin = Minimum GR log value equivalent to clean sandstone (for the e
- Cooper Basin this is 20 API) 5 o \ \ 23 s

By using Vsh above, an equation for DTma can be developed: | » g%

DTma = DTss + Vsh x (DTsh - DTes) (13) A B
Where: | | L o ‘ “
. DT&s:

- Minimum matrix DT for &lean sandstone, equivalent to a BT

Vsh=0 and Porosity=0. For the Cooper basin this is the DT ‘ o

- for Quartz,56 micro secs/ft (Schlumberger (1985)

Maximum mat¥ix DT for shale, equvalent te Vsh=100% and ‘
porosity=0.For the Cooper Basin this was empirically . )
o ‘ - determined at 65 micro secds/ft on average,bit can vary by R
e \ field or formation from 60 £6 75 micro sets/ft, o
¥

DTsh

e Equation (13) above can be substituted into the original Wyllie eqiiation
ok to effectively dorrect for shale effécdts. ' - :

. |} Mthough the sonic log would not normally be affected significantiy by -

s 0 ) gas at the relatively low porosities ericountered in the Cooper Basin, . £

.4 § the assgociated Sw 's are also very low and lead to significant over ,

el estimation of porcsity in gas zones ; this DTfL needs to be dorrected
o | for the effects of gas, &imilar to the correstion normally applied to

the dénsity leg for gas: : ; = o

oA DTEl = Sw % DTwater + (1 =~ sw) x DTgasg o {14)
| Where: T N A .
g0 B DTWater = DT of formation water at reservoir coniditions
i DIgas = DT of Resérvoitr gas at reservoiy pressure and
o i - temperature ’ , o S o
i| The theoretical values for DTwater and DTgas are approximatéely 205 and
|| 735 miore secs /£t respectively, however, the observed Values are less
© i than these: empirieally DTwatsr has been determined at 189 micro sees/ft
il Sehlumberger

R .

1985) and DTgas has Been determined for Goopsr basin
| reservoirs Wt 240 micro sees/ft, : R LT T ,

| The tolléwitg parameters are used for the Moomba/Big lake rFleids and the: SR
it Cooper Basifh generallys ! T L . I
; R | GRimir = 20.0  GRmax = 180.0 o ‘ SE
. DT&g = 58,0 DTsh = 65.0

DTwater = 189.0 . DTgas = 240.0

T M e i e e

il However the following exceptions were noted which may veldte to pooy = = 1
p ordginal 16gs rather than true vagiakions in rock propertiss: - ;
Dfsh=72, Digas=208 B | g

DTgas=380 Wi o g
DPgas=190 | . : :

i Biy Lake 3 (Té@iéehéé)
 Blg nake 1,2 (Daralingie)
Moomba 47 (Défﬁliﬂdié)

o e e
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g | o | — goxup
10
| Combining equations 8, 13 and 14 a modified Wyllie equation can be

- 4 developed which generally corrects for the effects of shale and gas in K
1 the Cooper ‘Basin: ' . , L ‘ o ‘ ‘

L DT - (56 4 (9 x Vsh)) R
PHIT = '._.‘.’..‘_._."._..--..%—V‘—‘u--'q—o-—a»—l—a—o-'——h——ﬂ—‘—‘guﬁ—ﬁ__'—-i—ifhdnmh-'-;—.'—-.-—A‘-‘——v ‘ (15)
| ({sw x 189)+ ((1 - sw) x 240)) =~ (56 +(9 x Vsh)) ~

Where PHIT = modified Wyllie porosity (fraction) S i e

PHIT must be solved iteratively as Sw is dependent on PHIT, hewever ‘ LT
assuming Sw=L.0 as the initial guess for Sw, the algorithm will converge =
relatively quickly ( usvally in 2 to 3 iterations). el ‘ o

.y The correlation of this equation with OPHC is shown in figuré 8. Note . ‘
| " { that the equation apptars to work for porositiés below 6% and that there : {
| o+l d4s relatively little scatter in the high porosities (» 14%). Figures 9 RER
(" 7o} and 10 show the relationship between the new porosity method with . - ‘

. § Northeott porosity and Overtén porosity respectively. S

I e

R

3.5 Cation Exchange Capacity ey $

It was hoped 'that either cution éxchange capacity (CEC) or the core R ‘
derived pore volime dohdentration of cdlay exdéhange dations (QVE) would '
correlate well with the GR log, as the sands are relatively simple. ' S
§ mixtures of quartz,kaolinite,and illite. However, as figures 11 and 12 B R
show, there is very poor correlation between GR ard CEC or QVC. g
 Currently all plugs previously cut for porosity and permeability are il
| being analysed for CEC and absolite grain density (RGXC) so that theve i
] will be sufficent data to atteipt correlations with other Llegs. Alse, L.
i

TR

{ CEC was cdalculated from the electrical properties data (see gection 3.6 :
{ below) and the results to date indicate that wet chemistry measured S S
j CEC's are too large; possibly die to overgrinding the sample prior 6. “ k
measurement. At the moment the best method for estimating OV from logs
s using the standard method below,biit using formatioh or field measured i
- averages for CEC and RGXC but divided by 7.8 to agrés with the more

: acclirate CEC's deérived fromi eleetrical properties:

- CEG % RGXC : (18] :
OV & weoodcmmesmeww s : S ' 16 PN i
5 Wb o e e S - oy

e N T I e R N L
Figire 13 shows the relatively good relaticnship between OPHG and GvVE. S B
- The formation averdges from available data &6 far aret e ‘ ' oy

T CEC  Rexd CGEG  RGXC
Toolachee Formation - 3.11 2.66 0:40 2.64
j Dardlingle Formation 4.83 2.68 1o data
Epsilon Formatdien - no data - no data
Patehawarra Formatien 2.81 - 2.66 L né data

MeHdstured Berived (Blectrical Propsrtiss)




i S B A T T

‘ 1%
{TirraWarravSandstcne 2,87 2.66 no data
Field Average 3.08 ' 2.66 0,40  2.64

:3 6 Eléétrical Properties
Five plugs from ‘the' Toolachee Foérmation . 1ntersected if Moomba 52 were
analysed for formatien resmst1v1ty factot (F) and formation re51stiV1ty

index (RI) at multiple salinities of 25 000 ppm, 10 000 ppm, 5 420 ppn
o1 and 2 000 ppm. These were used to determine F* M¥*, N* and - CEC - for- the
= flve samples ‘ :
‘Moomba 52
Plug No OPHC ~  QV . CEC M* O N*
6 8.3 0.29 . 0.99 1.98 . 2.38
| R . 85 0,10 0.36 . 2:14 - 1.83
11 9.9 0,02 0.10 2,13 =
12 20,0 0 0.02 0 0.09 2,12 2,22
2 whvéfageg : . 0.40  2.06 2‘03

! The results suggest that the values of M* and N* are close tO the

? sexpecﬁed values of 2,00, but there is systematic vavidtion in M*,CEC,and‘
| N* that may bé able to be modéiléd. This will be investigated fiurther in

1988 whén more electrlcal properties results are avallable.

“4 O COMPARIQON OF NEW LOG ANALYSIS METHODS WITH OLD:

o o s e G M e o e e B i Vi il 0 o A G mred o b b s

Moomba no. 10 well wis used to dcompare the effects of the new methods
| compared with thé old on reservés.
1 The well was tested over an interval in the Tooiachee Formatlon and

,Pflowed gas at 9.2 mmefd - and reccvered no £ormation watey. The interval
B Was run using 3 methodS‘ . ‘ :

(1} Nertheott pofosity, Indone91an S (Old SADME method)
(2) overton povesity,Simandsux 8, M=1.85 (Current Unit method)
(3) ‘Porosity by aquatien 185 above and Waxman=Smits SW

' The WayﬁanHSmiﬁs Sw equation Used is%

N* ‘ k=1 F*% % Rw R P S
8w - Rw ¥ B X Qv % sw ok kat it R B (17)
Whetei 1
' F”‘ B R e
i
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1‘The results of the
ag-Sw < 50%

“hlghllght that 'the new methods appear to be more accurate and

e have significant 1mﬁa"t on ﬁhe estlmatlon of regerves’ in the Moomba and
Y-Blg Lake Flelds. : ‘

| "wvllle,m R a., GYegory . AsR,

prylime,M R. Js Gregory, AR, dnd Gardner, G.H, F

12

MK = 2,06
=

and B is as modified by Gravestock (in press):

SRR (~Cw25/20) L LR S
B=(1=-10.83 % e = ) x 0.15814 % T f(is)
Where: | | | L
-Cw25 = conduct1v1ty of formatlon water dt 25 degC (mmho/cm)
I formatlon Lemperature in degc

3 methods are summarized in Table 1. Pay was counted
Porésity > 8. O% and GR ¢ 92 API ~The: results indicate
that the new method résults in a 4% decrease in hydrocarbon pore volime.
(HCPV) compared to the old SADME method and 17% deérease in HCPV
‘compared to the Current Unit method It must be stressed that these
¥esults apply onky to this. partlcular gand in this particular well, but

could

5 O REFERENCES
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) 6 0 Symbols and Abbrev;atlons e ‘ S a ' : ot
7 i o e o G 5 e i i o b 0 ‘ ‘ : : R
g AKHC,  Horizontal amblent core permeabmllty (not klinkenberg i
S e cotrected) ‘ B i
| Ambient Ambient (laboratory) ‘pressure 2 758 kpa ‘%
. (1 APHC Horizontal ambient core porosity 2
e b B The eguivalent conductance of sodium exchange datlons %
LT CEC - Cation exchange dapacity (core) by wet chemistry : b
1.DTo Sonic log interval transit time (micro seconds per foot). ¥
; B . Apparent formation resitivity factor (includes clay effects) i .
- AE* ~ Formatioh reésistivity factor 1ndependent of clay conductmvmtyt i i
B Gamma ¥ay log (API units) i
&. oo PHGPV - Hydrocarbon nore volume, the prodict of average B ‘ ﬁ
B R ‘ por051ty,avevage hydrocavbon saturation (1~ SW)vahd thickness W
o md - Millidarcy ,unit of permeabiliy (1 000 md = 1 darcy) i
! foo g MR - Cementation exponent associated with Fx ‘ ; o
: S oN® 0 Baturation index independent of clay conductivity :
! I MQKHC . Horlzonta} overburden tore permeablllty (not Kllnkenberg : £
R . ¢orrected ‘ : N
! ey OPHC . ‘Horizontal overburden core porosity ‘ i§ “
e e ‘;vaerburden Ovérburden (reservoir) preéssure calculated asj : it
T S S ~ laverage depth (feet) x 6.7 kpa)-resgervoir pressure (from DST) :
. ‘:ﬁiw“,’“ Rt The range used fo¥ the Gooper Basin was 20=40 000 kpsa A it
= w}w .| PHIO . Log dérived Woverten' poresity ‘ |
eyt 04 PHIP Log derlved "portér" porodity :
| SO LUPHING Log derived "Northeott® porosity | B
i . PHIT . Loy derived porosity incdorporating corredtlons tor shale and 4
: ; T gan, ‘ S
j i .| PHIW = Log derived "Wyllie" porosity émg
y ‘ 1oy . Pofe volime doncentratlon of ¢lay exchange Catldnﬂ MEQ/ml P
1 ; N . Dore space <
hoave Core derived Qv deflVed from CEC,OPHC, and RGXC o
! 1 - RGXE - . Absélute gramn densm?y {eore) by denometer %
; RI ~Resistivity indéx Rt/Ro ' .
bo o Swiryr Irreducible water satiration (cora) by porous plate eapiliary ﬁ
QS P - Pressuve (pressure = 1470 kpd) i
; Vsh ©Volume of shale derived from GR 1log (fracﬁlon) iy
. i
l
i
4
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‘7817'

7818

7819
7820

7821

1 7822

7823

] 7824
oy 7825 -
¥ 7826
, ?T,7827
b 7828
47830
17831
ooh 7833
L 17833
b 834
*7835

14
‘Table 1

COMPARISON OF LOG ANALYSIS METHODS

OLD SADME

 PHIN |
6.5
ST
110.3

11.9
10.7
9.8

14.5

1305
143

13:4

12.2

11.6

11.4

11.6

142
18.1
‘20 0

PAY THICKNBSS

- AVERAGE POROSITY
\ AVFRAGE sw‘- ‘
chv i

. SW
50.3

45.3
35.1

28.9

32.3
27.9

- 25.9

at.2

3004
30.3
3643

7.6

,63 (4

32, §
- 2747
53,5

‘2154‘

16.0

12.:7

30.%
1.44

- 10.7

‘ CURRENT

' PHIO
7.3
8.0

11.0 -

o12.8

11.7 -
13.4

15,9

14.6

15,1

15.3
14.1
12.7

N
320

12.3
15.3
19.8
22.5

UNIT
SW

ai.g
41.4

37.2
28:9

i 23_59

26.7
23.0
21.3
.23.5

C 2544
©.25.3

30.3

28.6
27.0
22.9

18:6

17 6

16.5

13.4
25.7
1.64

6.8

9.9
115
10.4

9.4
12.1
14.5

13,2
13.2

13.4

10.6
10.5

10.8

18.7

22.5

- NEW METHOD
PHIT . SW
| 80.3

46.4

35.1
33,7

35.6

27.2°

23.8

128.0
27 .4
26.5
32:8

sl

31.7
26.3
19.1

16,0
29.3
1.36
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© 1. INTRODUCTTON

Correspondence was received at Amdel Limitad  frem the South
Australian Department of Mines and Energy (Yyour = ref.: 249/87

JM:DG letters of 21 and 29 September 1987) requesting the g
- following analyses be performed: - ‘ . ' o

Porosity and permeability at net overburden

.=~ Cation exchange capacity

= Absolute grain density

Results of porosity and pemeability to air at net overburden
were reported in Amdel ~Limited report F6896/88 - Part 2 on 30
October 1987, Amdel Dimited was initially requested not to

~perform ¢atioh exchange capacity determinations or absolute grain
 derisity meastireménts Until authorised by the Mines Department. I

Department have now authorised this work to proceed, Results of

absolute grain detisity for Big Lake 1, 2 and 3 and Modmba- 10 and -
A7 were contairied in  Amdel Limited report ¥6896/88 ~ Part 5, 23

Results ircluded in this part 6 weport are cation exchange

capacity detemirations for Moamba 10 and 47 Outstanding
analyses of catioh exchafige capacity include samples from Big

available next week,

~ Lake 1; 2 and 3. This vork i§ currently in progress and should be

2. CATTON EXCHANGE CAPACITY

CGation e;échang‘é capacity is détérmin‘”’ 1ed dn the crushed gamples

Uding the wet chemistry technigue. Ammonium chloride solution i&
~added to the sample to exchange with the clay iong. fTHe éxcess
ammonitm chloride is ther washed off, Soditi silphiide solution is
theri added to reméve the exéhatiged amoniim chioride ione and the

resultant scsiﬁticsn 18 tittated.

Reslts of C.B.C. are reported in fiea/100 gis and Qv g o
nited by the eguabior S

pore gpace) determd

o dxCEd
o6
B = 1607

absolute grain density
porosity fraction .

15

Subsequent discussions wWith Mr  Jofin Morton of the Misies

00187
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Amdel Limited
{Incorporated In 8.A.) :
31 Flemington Street,
Frewville, S,A. 5063

 P.O. Box 114,
Eastwood SA 5063

Telex: AA82520
Facsimile: (08) 79 6623

technology and enterprnse

‘ S i Telephone: (08) 872 2700
21 July 1988 '

The D1rector—Genera1

South Australian Department of M1nes
- and Energy -

PO Box 151

EASTHOOD . SA 5063
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REPORT F 6896/88 ~‘Part_5

Y‘OUR REFERENCE':’“ SENRAC 2/86 DME 249/87 JM DE, 21 and 29 September‘

| | 1987
SAMPLE IDENTIFICATION: Big Lake 1, 2 and 3
 MATERIAL:

“Core plug offeuts
WORK REQUIRED:

Cation exchange capacity

: N,Ihvést?gatiéh and Report byt RUSse11 Re Martin

Manager, PetroleUm SerV1ces Sect1on. Dr Brian Gi $teveson

for Dr W1 11'am G. Spaficer
Gengrdl Manager
Apphed Sc1ehces Gr‘oup
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. B ~ CATION EXCHANGE CAPACITY e
| 'xCompény: South AUStra1ianlDepartmént of Mines and‘Energy‘ o B e i
‘ = - Well:  Big Lake 1 - ‘ ‘ ‘ . 3 ‘
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2.23

‘2132

2.67

260

3.84
3.66
3:53

3.60
3.42

3.08

3485
3438
3485

305
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Comﬁahy:
Wells

Field:

South Australian'oé

Big Lake 3
Big Lake

~ CATION EXCHANGE CAPACITY

partment of Mines and Energy

Sample
Numbéf‘

Depth

‘Feet

meq/100 gms

C.E:Cy s

1

WO 00T N O OT L U N

8251;4 .

8253.7
8254

' 825532 :
8256.1
- 8956/7

8257.6
8258.3
g526152
b264
8265
8286.4
826705
8267 .9
8268+9

82718

2,92
4.5
3.0

3.66

391
4,06
4.42
3i71 

3,96
2:76
2:74
2,80
2479

i 9,64
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1. INTRODUCTION

Correspondence was received by the Petroleum Services Section of Amdel Limited
i (your ref: DME 142/86 JGGM:AM arid DME 249/87 JM:AM) requesting multiple-salinity .
B electrical properties for the determination of; /m’, the cementation exponent,
L ‘a’y the ‘intercept and 'n’, the saturation exponent. The tests were to be

.~ performed on selected samples from the following wells;

ok A - Big Lake #'s 2, 3, 32 and 35
T Dirkala #2 |

- Garanjanie #2

~ Moomba #47

RS A total of 32 plugs were selected, 5 samples from each of the Big Lake wells;-

e o 5 samples from Moomba 47, 4 samples fron Garanjanie and 3 samples from Dirkalas
gy - A1l sanmples had previously undergone porosity —and air -permeability
SR - determinations at ambient and applied overburden conditioris. Pressures used to
determine porosity and air permeability under applied overburden conditions were =

used_during the multi-salinity electrical properties tést work, ‘

2. PROCEDURES AND' RESULTS

; Jﬂrif,‘ e Dé-agrated NaCl brines in the FO116W1ngvcohdentraﬁfoné‘Weféﬂ60hstFUGtéd with
‘ resistivity and conductivity for each brine déterm1ned as follows: «

Brine o Rw 6 25°C - Conductivity @ 25°C
: ‘ SR (ohin.m) * (mho.cm)

e 25,000 ppi o2 o042

c 110,000 ppni 0,548 ‘ | 0,018
S 5,420 ppii CooLoro 0,000
g © 2,000 ppm - '2.60 C 0,008

~ oo sanples were evacUated and then pressure Saturated with the 25,000 ppm NaCl
SRR " brine. Samplés were then placed on the cell electrodes with a thin silver leaf
N “between pllg endface and electrode to promote good contact. The assembly Was
o then wrapped i teflon tape, efcapsulated 1n a rubber s1éeve and piaced into the
I cell. ghé,$e11 was then pressured to the desived overburden pressure Using a
T mineéral of1, ~ - . | ‘ ‘

- - The pluys were then subjected to a vacuun for a short period of tife and the
255000 ppf N4C1 brinie fritroduced to the sample. Brine was slowly flushed through
the sariples until stable readings weve obtained fhdicating fonie equilibrium had

- beeh achieved. Samples were Teft to stand for approximately 24 houvs dnd

o resistivity mieasuvements vepeatad to ensupe equiTibriun had been veached before

proceeding with resistivity index determinations: '

VaTues of registivity index weve detepmined by introducing humidified aiv to the
Sanple and displacing some of the brine. The velume of brine displaced was
collécted 1n & veceiving tube and the tnew saturation (Sw) caleulated,
Measurements of vesistivity index were parforiied of corsecutive days uritil a
Stable reading was obtained., The process of introducing humidified air to
estabTish & niew Sw for resistivity index detevminations was then vepeated. -
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- Upon completion of the formation resistivity factor and resistivity index
. measurements for the 25,000 ppm NaCl brine, 50 pore volumes of the 10,000 ppm
~NaCl brine was flushéd through the sample. -After 50 pore volumes. of the
10,000 ppm bririe had been passed through the sample vesistivity measurements

were again recorded until a stable reading was obtained and the new formation

resistivity factor calculated. ‘ e
The procedures as outiined above were repeated for the other two brine
concentrations, L ‘ SR ' | o

AT resistivities were measured at voom temperature and converted to a standard
‘temperature of 25°C by use of the following equation developed by Hilchie:

-

R = RO (W) % KT K)

g Y n {ptostesnslog A ¥ Gsdtax

wheve: R(T) is the Water resiétivity at temperature T

T is the temperature {n ‘C f.e. 25°C

R() s the water resistivity at temperature T(1)
T(1) fs the initial temperature in *C.
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 FORMATION RESISTIVITY FACTOR
A5 ANDrRESISTIVITYAINDEX‘H.{

Compahy§‘ ‘South Austra]1an Depa“tment of M1nes and Energy el ‘  S e
'w‘wellk o Big Lake #2 | o | |

HRREEENT SO B o ; ‘ overburden Pressure o 13955 psi (2/288 kPa) . . 3 § S
} SRR - Saturant - 25,000 ppm Nacl -~ .~ BRI S

“RW of saturant @ 98¢ 0.24 ohmm Ll s

- IRSTERrTy ‘ - ). : ) R N 5 : ‘” i . v.‘ . l
‘ T - NOBP NOBP . Format on Brme - _Formation LT
! W) s ‘Samp19 Depth, Prarmeabﬂwy Porosity Res1st1V1ty Saturation  Resistivity PRI l
S Number _‘fveetv to aw (md) ' percent Factor L% pore. space ' vI}ndéR“m‘ ‘ .
1

S 4 745770" 51,6 . 13.0. . 58.1 ‘ 100 R |
DR e : ¥ : PRy L 72 3 1
4 ‘15 d LJ‘; Lt 3 : . : ’ : H v::, 47 3o 4
B R Tt I 7464'6" . 128 13.7 64,1 100 , 1
R e AT o o796 1
R <

4

S e B R e T e e

- 83, 9

SR ‘ : ‘ : : 5046
9 7aTaet 280 173 2.9 100
: ‘ e : ‘ ‘ 79.6
70:9

63.8
509

1

1

2

2

| | o 4

14 maste 0t 87 138 100 1
| | 1
2

2

) | 860
E o e 74.8
‘ 69.9
65,1

26 7EELIY §.87 11,6 687 100 1.0 :
5,9 3.1 b
43 5 413 : :
38,8 6.0 :
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 FORMATION RESISTIVITY FACTOR
= AND RESISTIV]T‘Y INDEX:

- Vcompany; e ‘South Aus'tira‘Han Dépafﬁmeht‘ 6‘f Mines and EneY‘gy
L ‘ ‘Wé112‘  e SN B1g Lake #2 | | ‘ |

‘ ‘ a  > P
Overburden Pressure 3085 ps1 (27288 kPa) |
- Saturant 10,000 ppm NaCl Ty
Rw of sgturant @ 25 'C 0 542 ohm, no ; ‘ T

o e T

AR} e NOBP | NoBP " Formation - Brine Format1on T ;f i
Z ERaE et Samp]e Depth, Periisability  Porosity  Resistivity  Saturation Res1st1V1£y =
.1 Number feet toair (md) percent  Factor % pore space  Index

R E e o . \ 75,6 1.72
] o , i B | 0 63.4 244
B o | ‘ : 5747 2

50:3 - 3.

T 7464 128 1867 47.6 100 1
Lo » B : 77,5 i
63.3 2.4

586 : 248
4

i

1

0010 Pt O

493

g AT 280 | 17.3 317 100
ST O DN SR | ! \ L 62.2 2:89 -
LRI A R ‘ - | 56, 3 . 3:17

£t e e L e e
Lol | \ \ | | 63,6 2,19 e
584 2:b2

B | G L §.87 118 53,5 100 1,00
o i | ‘ | | 73:9 1.70
63.6 2,19
88.4 2
435 4
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FORMATION RESISTIVITY FAGTOR
~ AND_RESISTIVITY INDEX .

Copanyt Solth Australian Department of Mines and Emergy ~ -
Well: . Biglakedz T |
| e Overburden Pressure 3055 psi (27288 kpa)

i | P . saturant ‘ 5,420 ppm Nacl.
A L e ‘ Rw of saturant @ 25¢ C o 1.07 ohm fi

A T T
&

f st Lol B ' NOBP . NoBP Format1on - Brine Format1oh o R
IR B Sample Depth Permeab111ty Porosity  Resistivity  Saturation Res1st1V1ty s
R myNumbeY feet to aiv (md; percent F' ‘tor % pore space Index

BETA P 7457'0" B 13,0 39,4 100
P e e o L e 60,9

R ‘ ' L S o BB.2
537

B 7464'6" i28 o 187 3646 ‘ 100
R j ‘ R 69.9 .
61,1
54.6
47,7

: C9 o TAT2Y0T 380 17,3 37,0 06
AR e S | 74
B D y | 62:1
T S | . ‘ 67.2
52.6

14 7583'10" 0.11 8.7 47.7 100
: ‘ . 7546
- 60.9-

52,1

40.9

26 7581)1"h . 4187 i II‘S ‘v : '4357 100 ’

S S S » 70,5
60;9
56 3
52.4

- e e
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e " FORMATION RESISTIVITY FACTOR -
CONE A AND RESISTIVITY INDEX

Company: .. - South Australian Department of Mines‘and,Energy"
Weli:  Big Lake #2 , -
o Overburden Pressure 3955 psi (27288 kPa)

Saturant o 2,000 ppit NaCl
~ Rw of saturant @ 25°C 2,60 ohm.m

e L ,,ﬂOBP,‘ - NOBP Formation Brine - Formation
i Sample Depth, Permeability Porosity Resistivity Saturation Resistivity
. Number feet “to air (id) percent - Factor % pore space ;"déxx,_

Corogd SR IREET | 72.4
P . : L i - i K 63.1
Do e ’ ‘ . - 88.8
| el S VA B2

5o 6 rdesrer 18 13,7 33,5 100
- L N \ , 73,4

P | oo« 6L
RN i : 1 2}

T : | L 498

Lo 9. amaen 280 1.3 a2 100
L R
/e LQ:-:::/’/ L ! ‘ } 6A
//‘\1‘;1/4“' TM B SR e o : i ' . ' 55i7
S R o [ | o 49.7

P o | 83,1
58.7
48,1

-26 758171M 4,87 . 1.6 37.5 100
TR A L 73.3
“ 68.3
66:1
54.7

(AR X8 R MNPy
Pb b
Q1LY 1O

- x .

- er

e

- e e et
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1o 4
- CORE_CONDUCTIVITY
 Company:‘ ‘ wSouth AuStra1|an Department of M1nes & Energy
‘We1J: “B1g Lake i
#i ‘NaC1 Brine Concentratlon : S
% B 24 57 : SR b OA o 0 54A 0.2%
i !9 Br1ne Conduat1V1ty mho ci @ 25°C s
i - | ‘ - 0.042 0.018 - 0.010 0.004
] f 3 ‘Sample Numbéw‘  Core Conduct1V1ty mho‘cm @ 25°C
: o 4 0.000717 0.000388  0.000237: 0.000108
RS 6 0.000650 0.000388 0.000255 ©0.000115
9 -0.000976 0 000582 0.000346 0.000166 -
F 14 0.000281" 0,000242 0.000196 0.000100
: : 26 0. ‘000607 ~0.000351 0.000214 . 0000103
4

FORMATION RESISTIVITY. FACTOR
AND CEMENTATION EXPONENT

B e e AL L TA LA LT L

s

AR SETR PR

Format1on ‘ / Cementation

Intercept of
Resistivity Exponant

Samp]e : -Brine Conductivity

puie J

o

,NUmbe% S ads (mho‘cm) . Factor* Uy

O oois -

TSm0

D

‘0 00465 . 63!9
<0.00764 74.2
0,00648 =~ 48,3
«0,03228 2481

77.5

 0:00620

* Gajeulated from tha §15pé of thé ﬁegWéééiﬁn 1ine.
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A = . FORMATION RESISTIVITY FACTOR
L T 7 AND_RESISTIVITY INDEX
Company: ~ ‘South Australian Department of Mines and Energy
o Melly Big Lake #3 e | : | :
“; }Ffjv;':r“:‘M;_ O Overburden PreSSure 3955 psi (32345 kpa).

Saturant = - - 25,000 ppm NaCl
Rw of saturant @ 25 C ‘ - 04 24 ohm mo

T "~ Nosp _ Noap Format fon Brine Formation
0 A qample Depth, Permeabmty Porosity = Resistivity  Saturation  Resistivity
s -NUmbeY‘ feot to air (md) = percent Factor % pore space Index -

Moo 4 826378 04028 7.6 176.3 \ 100 1
= : : N ; 7082 o /2
s B B ‘8255’2" ‘ 03064 ‘ 8.4 1634 ) 100: ] lmoo R
0 AR RN e C 75,8 gz A
” 66.1 Y IR
6041 2473 ‘

Lroooowo. 8 .826873" 0.313 7.4 192.6 ‘ ‘100 : 100 S
T T o ‘ . E ‘ 7 ‘( 1566 ‘ o
| e S 700 2,04
o . 663 228

o 10 . 8264’0  47.7 14.5 52.8 100 ]
RN ; o i B B ‘ 5883 3
4

6

15046
41]0

el i 82T 4048 13,9 s 100
B L e | g 72,4
65,8
56:2
15.9
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©00LE4
' FORMATION RESISTIVITY FACTOR
. ‘AND_RESISTIVITY INDEX
Companyé“ L ‘SOUth‘AUstVéWiah3Depahtment‘oF‘MﬁnES and Energy - e : 3 ”
Well: o Biglake #3 S S ey

M- B R B - _Overburden Pressure 4688 psi (32345 kpa) |
RO ) R - Saturant R e 10,000 ppm NaCl , o
| L " Rwof saturant @ 25°C . 0.542 ohm.m

T NOBP“;‘ NOBP - Formation  -Brine = Formation ¢j“
g nenv. oo Sample Depth,  Permeability  Porosity Resistivity Saturation Resistivity
oo Number  feet . torafr (md) . percent  Factor % pore space Irdex -

. v
......

TR 2 e2s3’8"  0.028 7.6 1232 100 ,
T L o : L 77.8 w

65.9

1

1

’ | 2

ol B gessy 0.064 8.4 106.4 100 ]
el T e e | ol 134 ]
64.8 - 2

60.5 2

8 Bosglal 0,313 7.4 127.8 100 1.00
i G | | A 76,7 1.64 | |
L c : il ‘ ‘ v 71,1 1.89 L

o | - | o 65.8 2,18 (EEr e e

10 8265'0" 47,7 145 44,0 100 1,00 e
R E S | 6843 2.06 it
T e ‘ | | D622 246
TR i ' L ‘ ‘ ‘ 53¢Z 3 ?:
44.6 R

13 886710 40,8 138 461 100 i
£ . : » LT 1
I e ey g
: ‘ i S ‘ : : ‘ ‘ 4808 4
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Comﬁaﬁy:
Well:

FORMATION RESISTIVITY FACTOR
~ AD RESISTIVITY IADEX

o South Austra11an Department of M1nes and Energy

qu Lake #2

‘ OVerburden Pressure

Saturant

Rw of saturant € 25°C

4688 psi (32345 kPa)
5,420 ppm NaCl
107 ohipom. - o

‘:CSamp1e
‘wNumber

TNogp NOBP -
Depth ‘ Permeab11ity Porosity
feet  to afr (md)  percent

| Res1qt1V1ty

 Brine
Saturation
‘ % pove space

10

13

FE

8253781 10,023 7.6

I i
! i

8255'2" 0.064 8.4

K]

825830 0,313 REs

8264'0" 47,7 14.5

B267'1" 0.8 188

ﬁ“auwﬁbﬁ

ft/ke = siens

100
7244

100
781
71.2
66.3

100
82:8

76.1
68.0

61,2

- 100
82,3
- 76.4

71.4
63 9

611
579
54‘7

100
771
65:6
627
53.4

%‘

ReS1stivity
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Company:
We]]:.

" EORMATION RESISTIVITY FACTOR
" AND RESISTIVITY INDEX

‘South AuétraTian Department of Mines and Energy
Big Lake #3 o | s

- Overblrden Pre¢SUre C 4688 p51 (32345 kPa)‘
Satlrant : e . 2,000 ppri NaCl
Rw of saturant @ 25° C _ 2. 60 ohm moo

er

' NOBP NOBP Format1on : Bring
Depth, PerMeab111ty Porosity Res1st1V1ty Satiuration

0

N

g
- Rb/Ro

”vszssfs“, ‘504023‘ 76 bos 100

3oeseni' 0.8 3.8 81,0 100

7 , 79.2
o ‘ : _ 7048
B TR , AR 65, 3

8255/2" | 0.064 8.4 . 85,5 100

/ & | 74.4
[T L 68.7
605

©828/3" | 0.313 B 73.3 100

" | 7.5
R ‘ o : 719
| 65,4

i 8264’6“ T R ' 314 100

| 8 T 186
u 88T

58,0

49.2

S

74.6
67.1
603
‘5259

i
i

e ghoortes

o "S"w‘l\'éb}‘i 88

Re s S S

Res1st1V1ty
feet.  to gir (md)  percent Factor % pore space. - Ind ’

P T

l—-i)—u—sn—t A
oo Nooo | wwrmo |

. e e e
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~ sample Number

Sariple Number

~ CORE.CONDUCTIVITY

Wells  : . Big Lake #3 ‘f o

NaCl Brine Concentrat1on“ N
2.5% Lox 0.5

00Ls7
‘Company:#‘ ' “‘ “South Austra11an Department of M1nes & Energy

‘ObZ%

Br1ne CondUct1V1ty mho.cm ¢ 25°C
01042 o 0 018 ‘ ‘ 0 010

0.004

Cove Conduat1V1ty mho cm @ 25°C

~ 0.000236 0.000150 0.000108
0.000272 - 0.000173 ~  0.000120-
0.000216 0.000144 -0,000161
0000789 0.000419 £ 0.,000251

[

FORMATION RESISTIVI%__E CTOR
ONE

AND, GEMENTATION EXPONENT

-0,000065
- 0,000069
10,000052
"0.000]24

0:000770 ‘0.000400 © 04000251 - 0. 000124f

PRy

Brine Conductivity Resistivity

Intercept on Format1on

o axis (mho‘cm) B Factov* s

Cemenﬁation“
EXponent
un'y

0, 0138?
«0.01239
+0.01308
"=0,00445
+40,00460

-

wooonny |
CEOTE O
D 00: O¥: b=
00 CH L O O

i, Jundi,

% Caloulated from the slope of the reyression 1ine.
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* FORMATION RESISTIVITY FACTOR
AND‘RESISTIVITY INDEXr ‘

South Austva]1an Department of M1nes and Ehergyr;
B1g Lake #32

Ovrrburden Pressure ‘ ‘ 4870 psi (33607 kPa)
Saturdnt 25,000 ppm NaGl
Rw of saturant @ 25°C 0 24 ohm‘m

: B ‘

'Depth,
feet

NOBP ‘M ,;'NOBP: : Format1on Br1ne
Permeab111ty Porosity Resistivity = Saturation

-~ to air (md) - percent Factor e % pore space

‘.9357fov |

937811

9389/ 10"

S402"1"

9413760

0.645 1.3 88.8 {00 -
| BT
55,8
48.7
40.4

1,00 10.5 120.3 100
| | \ 78.7
68:2
52, 7
44.6

2.6 132 72.5 100
a = o el
o Ta
62.7
53.1°

1.84 115 9041 . 100 -
‘ ' o 82
661
586
53:6

63.2
57:8
48;3‘
40‘2

é‘f¢nwm46

| ﬁf[ﬁb . g ortes

; T .

Res1st1V1ty

FSRINSS o ORI L

- e e e
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Company
‘ we11

- FORMATION RESISTIVITY FACTOR
AN RESISTIVITY TADEX

Overburden Pressure
Saturant
‘Rw of saturant @ 25 C

South Austrd11an Department of M1nes and Energy
B1g Lake #32

00159

4870 psi (33607 kPa)‘

10,000 ppm NaCl.

.042 ohm 17

‘ﬁ&i!{d;’; ;%"“ Samp1e Depth’

e NOBP
Permeab111ty

NOBP
Porusity

percent

Format1on
Resistivity
- “Factor

Brine
Saturation
% pore space

Format1oh
Resistivity .
Index

‘"'ﬁig* .   o §3§?y0n
e e ‘”MQI

4 oareliie

8 szt

9 e

: §$ ‘ S FE- 'g"¢um«w
£t e  ‘ 7“9R£/R6 & Gyhesne

W e g3enen

‘to air (md)

0.645

1,00

EXTR
1,84

17}9‘

11,3

10.5

13.2
11,5

148

R

63,1

68.0
781

45,3

100
809

73.0
65.4

100

739

61.8

32,3

100
68.7

62.7
46.2

100
734

69,9

50:5; |
55.4

100
734
605

: gged

48.9

R RO s s

577 o

N
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Sh e LR AND RESISTIVITY INDEX =~ o
e ~ Company:

squth‘Austré1ian Department of‘M%nés and Energy
CWell: ‘ : e

 Big Lake #32 e e
‘ 4870 psi (33067 kpa)

5,420 ppm. NaG1 ‘
1,07 ohmim

Overburden Pressure
o satueant
. Rw of saturant @ 25°C.

_Formation - Brine ‘ .HForma§i§n e b
Resistivity - Saturation Resistivity
Factor % pore space Ihdex -

" Nomp. Nowp
Depth,  Permeability ~Porosity
feet  toalr (md)  percent

o sample
Lo Number

CFF
| :ﬁf/ﬁﬁﬂbg oot

Csoz1r
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- gaisrsu |

& gleme
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184

‘I?wg

10.5
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© FORMATION RESISTIVITY FACTOR
AND RESISTIVITY INDEX.

L P Cqmpéhy} S South Austra11an Department of Mines and Energy
1 Wellt  Big Lake 432 | .
; ﬂQ’  ;_ e e o Overburden Pressure 4870 psi (33067 kPa) R

- Saturant | 2,000 ﬁpm NaC1
Rw of saturant 8 25°C g '2.60 ohim:m

! , ! l
Eo e A RN R RO o AR - E |
T o e ~NoBP .~ NOBP - Format1on - Brine Format1on SRR
AT © . Sample .Depth, ‘Permeab111ty Porosity = Resistivity Saturation Res1st1V1ty 0 I R S

[P oy j

= ,;‘Numbéf feet _to aly (md) ~ percent Factor - % pore space Indexﬂ i

2 \9367’0ﬂ ~0.645 S 113 0 414 100

SR B o T RIC A : 64.7
R e T g | | . BBG

e R e ‘ e B

4 937811V 1.00 ‘10,5 39,2 100
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6 93'l0"  2.62 132 368 100

741 : e
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Wells

s 1.0%

© CORE_CONDUCTIVITY

o South Austra11an Department of Mities & Fnergy
e B1g Lake #32 - N ‘

haC] Brife COncentrat1oh |

00162

0 04/0 . : 0&2%
Br1ne CondUCt vity mho ¢in @ p5eC

© Saiiple Number

0.042

0.018

0,010 o

. 0.004

0 000469
0. 000346
0,000875
0.000462
0.000753 :

go 00:6% NS

. Copre CondUct1V1ty mho cni @ 25° C

0, 000260
0000294

0,000407

0. 000184"
0000173
" 0.000218

0,000195

0:000263

| EQBﬁA_}ON RESTSTIVITY. FACTOR
AND_EWENTATION_ EXPONENT

‘ "i

10.,000093 . -

0,000098
0,000107 -

0000084
£0,000125

 Sanipie fuber

Brine CJhdUC
axis (mho‘

Ihte cept

of
tivity

em)

Format1on
Resistivfty

Factbv

CementaL

EXpohe
('

fon
b

XH;

7
d

=0, 00782

40,00877
£0,00554

Hloideeile) T -2 % SR 1

=0.01884
«0.0060] .

104 6
163.9
83,8
1108.3

62.1

% Calculated from the sTope of the regression Tine,
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Conpany:
‘weilff

FORMATION RESISTIVITY FACTOR
" AND RESISTIVITY INDEX

A

“South Australian Department of Mines and Energy
Big Lake #35

Overburden Pressure
Saturant _
Rw of saturant

@ 25°C

4820 psi (33255 kPa)

125,000 ppm
0.24 ohm.m

NaGl

Sample - Depth,

‘Nogp
Permeability

© NoBP
Potosity

Foymation
Resistivity
Factor

Brine
Saturation
% pore space

Formation

Rasistivity

IndeX :

Nurber  feet  to air (md)  percent

1 921571

5 92207

8 g223'10"

g 9225'¢"

o veeels"

BE . &wwtm

ey
0,030
0,081
0.057v

0,04

Rt/Ro =  Swioomes ‘

7.2
7.1
8.4

S 7.6

175.9

177.8

100
82.5
75.3
70.2

100
70.4
64.7
51.3
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68.3
62.2
53,7

100

- 79.6
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~ Company:
“Well:

FORMATION RESISTIVITY FACTOR
AND_RESISTIVITY INDEX

South Australian Department of Mines and Energy
~Big Lake #35

Overburden Pressure
Saturant o
Rw of saturant @ 25

GC

00164

4830 psi (33255 kPa)
10,000 ppm NaCl

0.542 ofim.m

Samp1e

NOBP NOBP -

Depth,  Permeability  Porosity

Ferination
Resistivity

1 Brine
Saturation

Factor % pore space

Formation .
Resistivity

Index

1 .

10

BE e q;toa/i.si |
Rt/Ro = Surenas

9215/ 1"

822017"

9223'10"

9225/6"

so28'8"

" Number  feet  to afr (md)

0.085

0,030
0.081

0,057

0,040

percent -

R

8.4

7.6

7.2

146.2

134,9

99,5

120,7

106.3

100

70.2

60,1
100
83.5
70.2

61.4
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73.6

65.7

58.3

100
87.6
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65.3

75.9
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Wﬂl:' ‘

South Australian Department of Mines and Enerdy
Big Lake #35 ‘ |

‘Overburden Pressure
Saturant

FORMATION RESISTIVITY FACTOR

AND RESISTIVITY INDEX

~ Rw of saturant @ 25°C

001bg

4820 psi (33255 kPa)

5;420 ppm NaCl

1;07 ohm.m

Sample Depth,

~ NOBP.
Permeability

- NOBP
Porosity
percent

_ Formation -
Resistivity
Factoy

Brine
~Saturation
% pore space

Formation

Resistivity
‘Index

~ Number  feet  to air (md)

1 erE

5 92207

8 9223'10"

9 9225'6"

10 9226'"

CRE/Ro w o Syhevrie

¢umude‘
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0.030
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0,057

0.049
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804

7.1

7.6

108.6

841
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.Company:

* FORMATION RESISTIVITY FACTOR
" AND RESISTIVITY INDEX

Overburden Pressure
Saturant v
Rw of saturant @ 25°C

| ‘South Australian Departmentvof Mines and Energy
L Well:  Big Lake #35

00155

4820 psi (33255 KPa)
2,000 ppm NaCl C

2,60 ohm.m

- Samp1e ‘Depthﬁ“‘Pérm

NOBP
b eability
i NngEﬁ feet ~to air (md)

~ NOBP
Porosity
- percent -

,Formatidn ) _
Resistivity  Saturation
~ Factor % pore space

Brine

© Formation
Resistivity

Index

2 sasil

9220/ 7"

o

8 9223'10"

9 g2s6"

o seze/s

FF ,«_ﬂ" ¢‘1.6;11.6§ :
| R'E/ﬁﬁ " SW“'“”““?'

0.85

0,030
0.081
0.087

0,049

7.2

7.1

8.4

7.1

7.6,

gl

60,6

70,5

100

100

63.9

64.7
54,7
100
85,9

73.7

60.4
58,7

100
3

83,1

58,7
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80,2
73.7
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Well: : Big Lake #35

2.5%

CORE CONDUCTIVITY

NaCl Brine Concentration
1.0% | ©0.54%

Company: South Australian Department of Mines & Energy

- 0.2%

0.042

Brine Conductivity mho.cm @ 25°C
0.518 0,010

0.004

Sample Numbey

1 - 0.,000237
5 . 0.000234
S8 . 0.000308
SR T 0.000254
10 o 0.000314

£

Core Conductivity mho.cm @ 25°C

0.000126 0.000086
0.000137 : 0.000121

- 0.000153 0000111

04000174 ' ‘0{600105

FORMAT 10N RESISTIVITY FACTOR
ANDWCEMENTATION EXPONENT

- 0.000046

0.000058

10.000063
0:000066
10.000057

Sample Number

~ Intercept on
Brihe Gonductivity
o s (@hoan)

Formation
Resistivity
Factor* e

~Cementation

Exponent
('m’)

‘50u013?4

-0.01031
+0,00585

1

“0;00665‘
=0.00900 -

203.3
«23412
161.6
2012
- 149.9

* Calculated fron the slope of the regression Tine,
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FORMATION RESISTIVITY FACTOR

' AND_RESISTIVITY INDEX
*‘Company:‘ ' - South Australian Department‘of MinEs‘and Energy
Wel): - Dirkala#2 | | | |
| ‘ | Overburden Pressure 3437 psi (23717 kPa)

Saturant R -~ 25,000 ppm NaCl -
Rw of saturant @ 25°C - 0.24 ohniim

- SampTe vDepth;‘ ‘PermeabiTity  Porosity - Resistivity Saturation  Resistivity
Nutiper  feet  to ;jr‘(md) percent  "Factor % pore space- _‘vIndéx ,

1 6200/5" 47.1 - 20.2 26,8 100 1.
L T L S 82,2 0 . 2.6

52.8 34

5130 ) \40

w : . ‘ ‘ : ‘48f6 ) 4(
2 6200/8"  34.1 19.4 30.1 10 1,00
| = : o | ' 67.9 2.3

BB 3,45

.77

' sl
3. 6203'6" 151 7.5 sa 100
| | | . | | 84,8
6.6
60.:9
FF - = {1’51.66/20‘4
Rt/Ro

‘gwmwmjo"
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_FORMATION RESISTIVITY FACTOR
AND RESISTIVITY. INDEX

|
}“ ; ‘y : k ‘ ‘ - " Lo B .
( oo Company: South Australian Department of Mines and Crergy

gt LSS e AR A S - e Wit o s R AS s

Né11:v' 

Dirkala #2

Overburden Pressure
Saturant oy
- Rw of saturant @ 25°C

3437 psi (23717 kPa)
10,000 ppm HaCl

0.542 chm.i

~ Saniple
- Numbey

JDEPthi
- feet

NOBP.

‘PeVMgabi11ty
v‘to‘ajr (md) : percént “Factor | %“ppkéﬂspaqe"

NOBP

© Porosity

Formation

Resistivity

Brine

‘Saturation

Formatioh
Resistivity

Index -

1

fie

6200'5"
6200'8" -
6203'6"

¢1;60'/ 177

gwi.b‘é/\.rsé

7.1
34,1

151

2042
18,4

1745

16.5

21.0 -

Sloe
70.1
548

4143
‘4012 ‘

- 1o0

70.4
52.8
53,9
35.9

100
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Welt Dirkala #2

00L70

FORMATION RESISTIVITY FACTOR
AND _RESISTIVITY INDEX

Company: - South Australian Department of Mines and Energy

Overburden Pressure - 3437 psi (28717 kpa)
Saturarnt L , - 5,420 ppm NaCl:
Rw of saturant @ 25°C -~ 1:07 chm.m

.. NoBP . NOBP Formation  Brine Formation
Sample Depth,  Permeability Porosity  Resistivity Saturation Resistivity

: Number !ffeet to air (md).  percent Factor % pore space * Index

1. 6200'5" 47.1 20,2 13.7 100 -

59.4

- 50,3
441&4

2 6200'8" 34,1 184 145 160
: L | | 67.5

55,8

47.2

41,0

3 620376" 15,1 1748 1707 100
: : 78&3
2
64,8
-50.3
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g © FORMATION RESISTIVITY FACTOR | o
D ; 1 ‘ ‘ AND_RESISTIVITY INDEX

~ Company: : - South Australian Department of Mines and Energy 5
Wellt  Dirkala #2 i

R LR OverBUﬁden Pressure - 3437 psi (23717 kPa)
i ' - Saturant - 25000 ppni NaCl
e : ‘ i - Rw of saturant @ 25°C .~ 2.60 ohm.i .

st e,

R ... “NoBP  NOBP Formation ~ Brine ‘ mFormaﬁign“
y - oo 1. Sample Depth, Permeability Porosity Resistivity  Saturatfon Resistivity
o EEN Number feet . to-air (md) . percent - Factor % pore space Tndex

A el Te R L B
SR S e , S | ‘ 52.2

2 B20078"  34.i 19,4 13.0 - 00
‘ S ‘ ‘ 66.6
- 58,9
51.7
44,8

. 3 6203'6"  15.1 - 175 14.9 100
SR : o SR ST | 76.9
I e 605
L Tl o o 5 ‘ 61,0
55,6
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B compahy:
CoWell:

SampTé‘Numbé%" |

1
2
3

CORE CONDUCTIV TY

South Australian Department of Mines & Energy
Divrkala #2

NaC1 Brihe‘Concentrat1dn

2.5% LO% . 0.54% 0.2%

: Br1ne Conduct1V1ty mho i @ 25 C e
O 04? 0 018 . 0 010 0.004

0001555
. 0.001384
~0.,001298

CorP Conduct1V1ty mho o @ 25 C

0,000308
0.000296
0.000258 .

0.000682
0.000645
0,000528. -

0.001118
- 0,000966
- 0,000879

FORMATION RESISTIVITY FACTOR
~ AND_CEMENTATION EXPONENT

Sample Number

~Brine Conductivity

Fopmation | Cementation
Re§1st1V1ty e EXpbnent
o Factor* ‘ . ( lui )

Intércept of

aX1s (mho‘cm) )

O NI

. 0,00983 38,2

-0,01128 2.8
«0;01235 ‘ S 37,5
2

WO 00

& cé1cuﬁated‘from‘thé sTope of the regression 1ine.
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Company:
Welt:

RUINA

FORMATION RESISTIVITY FACTOR
. ‘AND;RESISTI‘VITY INDEX

South Australian Department of Mines and Energy

- Garanjanie #2 :
Overburden Pressure 3610 psi (24910 kPa)

Saturant - ERELTI 25,000 ppm NaC1

Rw of saturant @ 25°C 0.24 ohnisin

' Sample  Depth,

©Nomp ~ Nosp Formation ~ Bpine Formation
Permeability  Porosity = Resistivity Saturation Resistivity

“Number  feet .

1 6607'6"

4 66331

<o

5 66372

BE a ¢\‘.66/1.&8‘

6633/6"

049 2.3 . 445 100

tpuaih (rd) percent -~ Factor % pore space _Index,

S o2l 226 187 100 i
¥ R ‘ 60,5 2
322 9.3
202 2425
16.2 35,04

0,020 104 B8 100 1.00
P o . 70.4 - 1,92
o647 o 2.26
: 5961 T i 2566‘
50:3" ‘ ‘

3
05006’ 684 ‘ ‘140u5' 100 : 1
: e S 8h.2 1
“79&6 y 1

72,4 1

S
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We11: “’ y - Garafijanie #2

f;J‘ﬁi/ﬁd gy

FORMATJON RESISTIVITY FACTOR
- AND RESISTIVITY INDEX

Company : South Australidn Department of Mines and Enerdy | w

Overburden Pressure 3610 psi (24910 kpa)
Satupant 10,000 ppm NaCT
Rw of saturant @ 25°C 0.542 ¢him.m -

NOBP . NoBP  Formation  Brine Formation

Sample Depth, Perieability = Porosity Resistivity Saturation Resistivity
Number ~feet to afr (nd)  percent  Factor — % pore space ~ Index

o1 ecoT’et 2216 2.6 14,2 100 1,00

53.4 : 3.04
38.8 ~.5.3b R
21.8 14,60 ﬁ
18,5 05,66

s -
L 3

O~ 00: 01 O QO 00O WO O

4 663371 0,020 1044 48,0~ - 100 -
R o | 82

73.6

66.2

5912

: 5 6'6“"33"‘611“ 0,006 | 6.4 15,4 , 166

-

P

S =00 O oy Q: O: O N
=i

83.8
76,9

9 6637/2" - 0.149 - 12,3 40,0 . 100 -
| | o : L ~ 82.5
70,2
649
614
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P

B ke

-

Fﬁ i ¢1.6§/1,7?s .
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' FORMATION RESISTIVITY FACTOR
" AND RESISTIVITY INDEX

Company: . South Austra11an Department of Mines and Energy | ' o 1
| S Wen: i ‘GaranJan1e #2 [ ' | |
G i . Overburden Pressure | 3610 ps1 (24910 kPa) | §fr‘“t:

SIS (R , ‘ - - Saturant 5,420 ppm NaCl
o R 8 o  Rw of stturant @ 25°C - 1.07 ohmim

| v NOBP - NOBP Format1on ‘ Brring Fokmat1on Lo
Ay Samp]e Depth, Permeability ~ Porosity  Resistivity ‘Saturation Resistivity !
B L Number‘ feet  to air (md) percent. . Factor - % pore space _Index |

‘
T O Y
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0047
FORMATION.RESISTIVITY FACTOR o =
AND RESTSTIVITY INDEX
Coipany: ~ South Australian Department of Mines and Energy

CWellt . Garanjanie #2 Lo e o
 Overburden Pressure - 3610 psi (24910 kPa)  fe

Saturant e ' 2,000 ppm NaCl - - = . E e

Rw of saturant @ 25°C.. 2.60 ohm.m - ‘

: AT NOBP ~ NOBP  Formation. Briné Formation
©oo b Sample Depth,  Permeability  Porosity ~ Resistivity Saturation  Resistivity .
L . Number feet ' to air (md) - percent Factor % pore space In,d“ex‘l ‘

e aimssa =,

Co ol e 6e0746" 2216 - 22,6 8,9 100

. e
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