M Elf Aquitaine Norge A/S
311E-R 79/87/PK/bs Stavanger, April 3rd 1979

|

T N .

FRIGG NORTH EAST

Well 25/1-4. Log Evaluation

March_1979

MR G N Em e

P.Keiil
Res. Eng.




.
4

ABSTRACT

The Frigg North East gas accumulation is divided between block
25/1 (EAN operator) and block 30/10 (ESSO operator).

Ml N S

On this structure only one well is drilled, well 25/1-4 with EAN
as. operator.

Up till now EAN and ESSO had carried out three log interpretations
to determine the reservoir parameters :

- 1974

Originally computer processed interprétation
by Schlumberger (EAN)

- 1276 : Recomputation of all Frigg area wells by
Schlumberger CPI (EAN)
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- 1978 : Handevaluation (ESSO0)

after having ' agreed on common input parameters, it was decided to run
a new CPI (Schlumberger) in order to present a set of reservoir
parameters common to both EAN and ESSO. The result of this last CPI
are shown in the table together with the results of earlier interpre-

tations.
CPI 1974FPI 1976 Handevaluation CPI 1979
EAN EAN 1978 ESSO EAN/ESSO
Gross pay (m) 37.8 37.8 37.6 38.0
Net pay (m) 34.5 30.5 31.3 27.58
& = Net/Gross 0.9127 | 0.807 0.83 0.7258
@ = Average Porosity(%)]| 28.73 27.70 30 26.08
Sy = Average Water Satur.(%)] 22.35 20.83 21 20.03
@ = Hc~-meter/meter 0.2036 0.177 0.1967 0.1514




The results listed in the table are obtained by applying the
following "cut off" :

Sw> 55%, @ £ 13%, 4t & 77/45/ft and Vel >33%

Both EAN and ESSO feel that the last CPI (1979) is too pessimistic:
regarding net pay and por031ty.

The input parameters for CPI 1976 and CPI 1979 are basically the
same. The important difference in the results for the two CPI's
leads to the following question : .Has Schlumberger changed their
interpretation programme between 1976 and 1979 ?

For the moment neithers EAN nor ESSO were‘willing to accept the
results of CPI 1979. '

ESSO would like to try a log-evaluation with their own computer

processing programme, with the same input parameters as agreed upon
between EAN and ESSO.

EAN wiil also do an interpretation on their own computer processing
programme PICARDIA, with the input parameters agreed upon.

During discussions between ESSO and EAN of the different log inter-
pretation results (05/04-79) it was agreed that the most reasonable
values for the petrophysical parameters in the gas zone were:

o = 0.82
@ = 28%
Sw = 21%

[

% (1L -3, = 0.1814

P

These values could be revised when ESSO and EAN have carried out their
computer processed log interpretations.
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-For the pressure, temperature, Z and Bg EAN and ESSO applies the
following values:

Datum - 1980.1 m MSL - 1965 m MSL
Temp OF (at datum) 142 OF 142.7 ©r
Pressure psig (at datum) 2919 2905

z 0.866 - 0.876

Bg 5.023 x 1073 5.13 x 1073

The main difference is due to that ESSO uses the Odin and Frigg gas

analysis for determining Z and Bg. EAN uses the gas analysis from the
test in the gas zone from well 25/1-4.

o Sl o hd e s RAsE Ko - . Sy e e Ty -~ B T



INTRODUCTION

On the Frigg North East structure only one well is drilled, well
25/1-4 with EAN as operator.

It was found that the gasbearing structure extended into block 30/10
also.

The most recent isobath-maps (unmigrated) gave 61.4% of the rock
volume in block 25/1 and 38.6% in block 30/10.

In autumn 1978 EAN and ESSO started discussions to present a common
value for the hydrocarbon accumulation in this structure. Before

the end of 1978 they had almost reached and agreement on a common
isobath-map.

At the same time negotiations started to reach an agreement on the
25/1-4 reservoir parameters : Top of sand, GOC, WOC, Gross Pay,
Net Pay, @, Sw and Bg.

EAN had previously estimated the reservoir parameters by means of a
computer processed 1og interpretation in 1974 and then done a new
interpretation in 1976 when all the Frigg area wells were recomputed.
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RESERVOIR - PARAMETERS

Depths of : Top of sand, GOC and WOC.

2.

On the first meeting with ESSO 11.12.78 it was agreed to use
as common depths (see composite log app.1l6) :

Top of Frigg Sand : 1967.6m RKB (-1942,1m MSL)
GOC : 2005.6m RKB (=-1980.1lm MSL)
WOocC 2009.0m RKB (-1983.5m MSL)

Temperature.

In appendix 1 is shown the downhole temperature for different
stabilisation times.

The temperature gradient after the testing gives the static reservoir

temperature, which is stabilised.

- Static reservoir temperature : 61.5°C at -1965m MSL

(142.7° F at 1990.5m RKB)
(ESSO 142 OF at -1980.1 m MSL)

The temperatures given by the open hole logs are not stabilized,
as can be seen in app.l.

Since the wellbore and its vicinity has been cooled during the
circulation, it was agreed upon that 130°F (see app.l) was a
realistic temperature to use in the log interpretations.

- Bottom hole temperature in log interpretation : 130°F

Pressure

From the pressure gradient after the test the static reservoir
pressure have been determined (see app.2).

— Static reservoir pressure : 200.3 bars rel at -1965m MSL

(2905 psig at 1990.5m RKB)
(ESSO 2919 psig at ~1980.1 m MSL)




4. Formation Volume Factor (Bg)

Compressibility factor is derived from PVT study no. 2051-4/4
'=195-Js

Tr = 61.5°0C = 334.5°k
Pr = 200.3 bars rel = 201.3 bars abs.
Zr = 0.8760 at 201.3 bars abs. and 61.5°C.

- Resrevoir conditions

- Standard conditions : To = 15°C = 288°k
Po = 1 atm. = 1.013 bars abs
Zo = 0.998

Bg = 2L _ Bo Ir _ o 43410

Zo * Pr " To

3

(ESSO 5.203 x 10 °)

5. Formation Water Resistivity

The formation water is the same under the Frigg North East gas
accumulation as under the main Frigg gas accumulation.

From the tests in 25/1-3 water samples were obtained :

a) Ry = 0.128-m at 22°C (Measured on water settled in the stock-tank

"

b) Ry = 0.11Q-m at 22°C (Measured on water settled in the stock-tank

By using the Arps formula these resistivities can be transferred to
downhole temperature (130°F)

72 + 6.77

) Ruyzoop = Rw 7209 % 130 + 6.77 = 0.069& -m
_ 72 + 6.77 _
Average Ry, at 130°F = 0.066 . -m

It was agreed to use 0.066 §L -m as the formation water resistivity
at 130°F. '
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6. Mud filtrate resistivity

From the MLL : Rpf = 0.2150- -m at 56°F

From the DLL : Rmf = 0.222 5 -m at 56°F
56 + 6.77

From MLL : Rmfl300F = 0.215)("7-.56-—_._—6—.-7-7— = 0.0987 J). -m
56 + 6.77

From DLL : Rpf1300F = 0.222X 1357755 = 0.102 Q. -m

Average Rpf at 130°F = O.lOQél -m

Decided to use Rpf 1300F = 0.100S5L -m in the log interpretations.

Hydrocarbon density

From PVT study : 2051 - 4/4 - 195 - Js

- Gas: at the dew point : P = 200.7 bars rel
T = 58.2°C
Z = 0.8700

f% 142.963 kg/m3

Gas density at reservoir conditions (61.5°C and 200.3 bars rel):

= 142.963,,201.3 331.2 _ 0.8700
f x20b3 332

= 140.304 kg/m3
201.7 334.5 0.8760

- 0il: 0il was measured at 58.6°C and 201.9 bars abs

Qoi1 = 820.791 kg/m3
i

ll 7.




For the log interpretation the following values were then agreed
upon '

P g = 0.14 g/cm3
530i1 = 0.82 g/cm3

8. Clay parameters in the log interpretation

From the composite log (app.l16) the following clay parameters
were choosen :

—Pbclay : 2.34 g/cm3
- @PNclay : 40%
-Atclay : 130 /A s/ft
- RTclay : 1.558.-m

- - GRsand : 23° API
- GRshale : ' 73° aPI

After discussion with Schlumberger it was decided to let the CPI
pick out the clay parameters itself from a representative clay

section. The list with clay parameters above should then only be
considered as a guide.

As there were no representative shale section inside the Frigg sand,
no agreement was obtained on where to find the most representative
shale section. ESSO did not agree to that the shales under the Frigg
sand more representative than the overlaying shales. It was therefore
decided to run the CPI with two different sets of clay parameters :

- Processings4 - 6

Computed interval 2165 ~ 1950m RKB

Shale parameters to be found below the Frigg sand in
interval 2125 - 2065m RKB

Clean sand to be found in interval 2055 - 2015m RKB.

]

- Processings 5 - 7
= Computed interval 2070 - 1950m RKB




Shale parameters to be found above the Frigg
sand in interval 1967.6 - 1950m RKB

Clean sand to be found in interval 2055 - 2015m RKB

A'comparison of the different clay parameters used in the CPI 1974,
CPI 1976, ESSO handevaluation 1978 and CPI 1979 (processing 4 - 6
and 5 - 7) is shown in appendix 3.

9. Log interpretations (CPI 1979 processings 4 - 6 and 5 - 7)

It was decided to use the Frigg procedure for the computations with :

Pmaa' =§ mag = 2.67 g/cm3

Two different "cut-offs" should be used for the calculations of
the petrophysical parameters

a) Normal Frigg "cut-off" :
Sw > 55%
o L 13%
At \477/4s/ft

Vel > 33%
b) S, > 55%
9 £ 13%

at g 77/4 s/ft
Vel > 40%

Results of the processings :

- Gas zone : 2005.6 - 1967.6m RKB




5

CPI 1979 (Processing 4) CPI 1979 (Processing 5)
Sw255 @& 13 |Swy55 @ 13 |Sw2 55 @<¢13| Sy255 B¢ 1
"Cut off" AELTTY > 33t gT7 Ve 2 40 Kt & 77 V33| at 77 V24
Gross pay (m) 38.0 38.0 38.0 38.0
Net Pay  (m) 26.82 29.41 23.77 24.69
o = Net/Gross 0.7058 0.7740 0.6255 0.6497
'@ = Porosity (%) 26.42 25.61 23.55 23.19
Sw = Water Saturation (8]  19.01 20.46 18.17 18.45
0.1510 ix 0.1577 _*® 0.1205 _* 0.1229 x:
P = KC meter/neter (0.1516) (0.1592) (0.1216) (0.1240)
o
These@ 's are found by : ‘3 = @ (1-Sw)

¥

These? 's are found by :F

Cum HC-meter/Gross Pay

By comparing the result of these last computations with the earlier
(shown below), a marked decrease in the(Q -values is seen.



. CPI 1974 | cPT 1976 ESSO handevalu;tgzzgn
Sw> 55 @ £ 13
"Cut off" ? At<LTT Va2 33 2
Gross Pay (m) 37.8 37.8 37.6
Net Pay (m) 34.5 30.5 31.3
A = Net/Gross 0.9127 0.80? 0.83
75-= Porosity (%) 28.73 27.70 30
Sw=Water saturation (3)| 22.35 20.83 21
(3 = HC-meter/meter | 0.2036 0.177 0.1967

In the 1979 CPI computations the clay content was markedly higher than
in the 1974 and 1976 CPI's. By checking the corrected GR readings,

that were entered in the computations it was seen that all the GR values
were shifted 3 - 6 API units towards higher values.

This was explained by Schlumberger to be caused by a new programme to
correct the GR logs for hole effects. But since our GR-sand and GR-clay
values were basically the same as in CPI 1974 and 1976, the Vclay-GR

had to increase. (In the interpretation Schlumberger kept our recommended
values in appendix 3).

It was therefore decided to try a new run and shift the GR-sand from 23

to 26 API to be in accordance with the GR-readings corrected for hole-
effects. '

Another thing that wés noticed was that the matfix line on the Pt>- @N
plot in the water zone gave a P ma = 2.65 g/cm3.
On the Frigg wells a ma = 2.67 g/cm3 had been used. It was therefore

- decided to shift the PP» readings with +0.04 g/cm3 to obtain a matrix
line of about 2.67 g/cm3.

A new set interpretations were then made (processing 6 & 7) with these
two changes

- GR sand increased from 23 to 26 API

—?5 readings increased with 0.04 g/cm3.




The new results are shown below

CPI

Processing 6

CPI

1979
Processing 7

Sw355 @ £ 131 Syy255 @ £ 13 Sw2 55 @ {13 sw>55 941

-

"Cut off" At €77 Vp 233, £ £77 V2400 ot £ 77 V233, t 477 v > 4cC
Gross Pay (m) 38.0 . 38.0 38.0 38.0
Net Pay (m) 27.58 30.33 26.06 26.67
o = Net/Gross 0.7258 0.7982 0.6858 0.7018
@ = Porosity (%) 26.08 25.22 23.97 23.76
Sw=Water Saturation (%)| 20.03 21.89 20.18 20.44
0.1514 0.1572 0.1312 0.1327
B = HC-meter/meter (0.1526) (0.1597) (0.1321) (0.1337)
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The net pay has increased compared to processings 4 and 5, but
the porosities have decreased, so the @ values are basically the
same from processing 4 to 6, but have increased from processing

5 to 7.

For high GR values the last interpretations are still a little

pessimistic.

show this :

Depth
m RKB

1968.1

- 1969.9

1974.5
1979.1
1984.6
'1990.0
1994.6
2000.1

The higher the GR values the bigger the. difference
in corrected GR.

The table below taking some examples should

38
23
36
38
28
46

27

28

Corrected
GR 1974

Corrected
GR 1976

38
23
36
38
28
45
26
27

Corrected
GR 1979

43
26
40
43
32
52
30
31



The clay content has decreased from processing 4 - 5 to processing
6 - 7, but at the same time the porosity has also decreased.

The questions are :

- has the correction of eb with +0.04 g/cm3 in order
to get emk = 2.67 g/cm3, been too important ?

- are the GR sand and GR clay still too low so that
Vclay is still too high ¢

- has Schlumberger changed the CPI programme between 1976 and
1979 so that the results between CPI 1976 and CPI 1979 are
not comparable ?

The cases where the clay parameters are picked above the Frigg sand
gives too low@ -values. It was therefore concluded that these clay
parameters were not representative for the Frigg North East sand.

This leaves us with processing no.6 as the best approach to find the
reservoir parameters. But still on this processing the EB ~values are
too small compared with earlier CPI processings.

For the moment therefore neither EAN nor ESSO were willing to accept
the reservoir data obtained from CPI 1979.




10.

11.

12.

13.

14.

15.

16.

APPENDIXES

25/1-4. Down-hole temperatures versus depths for different

stabilization times.

25/1-4. static pressure versus depth.

Comparison of input parameters for log evaluations between CPI 1974,
CPI 1976, ESSO handevaluation 1978 and CPI 1979 (processings 4 - 6

and 5 -~ 7).

Results of CPI 1979 processing no.4 with "cut off"
Veclay> 33%, @ £ 13%, Sy > 55% andat < 77/x s/ft

Results of CPI 1979 processing no.4 with "cut off"
Vclay > 40%, @ £ 13%, Sy 55% and ot < 77/us/ft

Results of CPI 1979 processing no.5 with "cut off"
Veclay 2 33%, @ £ 13%, Sy > 55% and st £ 77 /‘s/ft

Results of CPI 1979 processing no.5 with "cut off"
Vclay > 40%, @ £ 13%, Sw> 55% andat £ 77 /L(S/ft

Results of CPI 1979 processing no.6 with "cut off"
Vclay > 33%, £ 13%, Sy > 55% and £ t £ 77/ls/ft

Results of CPI 1979 processing no.6 with "cut off"
Vclay > 40%, ¢ £ 13%, Sw= 55% and at < 77/qs/ft

Results of CPI 1979 processing no.7 with "cut off"
Vclay > 33%, ¢ £ 13%, Sw =2 55% and & t & 77/ks/ft

Results of CPI 1979 processing no.7 with "cut off"
Veclay > 40%, @ £ 13%, Sw 2> 55% and o t $77/15/ft

CPI log 1979 processing no.4
CPI log 1979 processing no.5
CPI log 1979 processing no.6
CPI log 1979 processing no.7

Composite log well 25/1-4.
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Appendix 2

Well = 25/1 -4

l ~ Static pressure versurs depth
&
i =
= Pressure gradient after testing:
l ';6’. : - Gradient 21 psi/i100m
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APPENDIX 3

Camparison of input parameters in CPI 1979 (processings 4 - 6 and 5 - 7)
ESSO handevaluation 1978, CPI 1976 and CPI 1974.

CPI 1974 CPI 1976 £sso handevalu. 1978CPI 1979(Proc. 4&6) CPI 1979 (Proc. 5&7)

Interval 2005.8 - 1946.0m RKB
R (QL-m) 0.066 0.066 0.062 0.066 0.066
Buf  (-m) 0.1 0.083 0.086 0.1 0.1
Reclay (Q.-m) 0.8 2.0 1.0 1.5 0.7
Atclay ( /b\s/ft) 125 130 130 140
N clay (%) 40 40 40 40 47
Py clay (g/cm3) 2.34 2.34 2.34 2.34 2.00
- X © 0.18 (gas) | 0.17 (gas) 0.14 gas 0.14 gas
Ph (g/cm3) 0.8 oil 0.82 oil 0.82 oil
T (°F) 132 130 148 130 130

: 23 (processing 4) | 23 (Processing 5)
GR sand (AFI) 24 22 24 26 (Processing 6) | 26 (Processing 7)

73 (Processing 4) | 70 (Processing 5)

GR clay (API) 63 75 96 73 (Processing 6) 73 (Processing 7)




KERNKRARNRKRKARNRK
L x

*FCuUmMPUTER PRUCESSED INTERPKETATION ARRNREARKRRK KR A *

* SCHLUMBERGER «
AKRARAKRRRNRRRRRR

k]

© COUPANY

ELF NORGE A,S
S wELL 25/ (=4
SrTelu FRIGL )
COUNIRY NORWAY OFFSHURE
UAIE : YheJAN=1979
KEFERFNCE 15,2077

App. 4

Processing no.4

"Cut off" : Vel 2 33%
9 £ 13%
Sw > 55%
At $ 77 s/ft



{ CORTBARD ‘ COMPUTATION PARAMETERS PAGE= 1

AR AR AR AR KRR RRRAR AR KRR AR RARRRERERAKRRRRR RN A AR RRR A AR ARKRARRE AR AR AR AARNR AR KRR AR RAR AR RRRARRAKARARARNKRRRAR KA
¥ x * x * ] X
* * x * HYORU= x . CLAY PARAMETERS * . K
* INTERVAL x RW x RMF x CAKBON «x , * TEMPERATURE x
* * * * DENSITY « KESISTIVITY » QELTA=T x NEUTROW INDEX » DENSITY » FAHRENHEIT «
* , x x . x * X x * * *
KA AR AR RN AR R AR K R R AR AR AR R R RN AR AR A R AR AR AR R AR A K R R AN A AR R AR NN R R AR AR AR RAR R R AR R RR AR AN R RN AR AANA AR AR RANARRARAANNARRAR A
x x * x x * * * * x
* 2058,0 T0O 2005,6 *x Q.,u66 x 0,10 x 0,82 * 1.90 *x  130,0 «x 49,0 x .54 «x 130, *
" N x x ® * x x x x
*x 200%.6 10 1967.6 x 0O,Uhb x 0,10 x 0,14 x 1.90 * 130,0 «x 40,0 * 2,34 150, *
* , % %* a x " x x X u
RN R AR R R R R R R AR R R R AR KRk AN R AR R AR AR RN R R A AN R R AR R AR KRR AR AN AR AR AR R AR A RN R R R AR R A RN AR AR KRN R AR ARRRARARARRRANARRANRNRANRA AN



wwwmil

el

B N = N BN & N N A R B BN B N BE BN e R e .

R SFRVUIR FRIGUL ' 1967.6 TO 2058,.0 METER PAGE~= 2
fltt tt**t*t***t***tt**tttt**tt*****t*************k*****t*t*t*ttt**ttt****ttt****t*t***t***tt*****t**tt**ttﬁ*t*t*ttt
PORObITY CUT-DFFb : NUNE 13,0 % 13,0 %X(ONLY LEVELS ABOVE O/W CDNTACT)

: UT=DFFS. NUNE NUNE 55.0 %

uFLTA T CUT-OFFS NUNE 77.0 17. t
CLAY CUT=OFFS NUNE 33.0 % 33.0 4 x
x
tt***t***ttt*tt*t**t*t******k*t**********tt*t*tt**ttt**t***ti**tttt*'k*t***********t***ttt***t**t*ﬁ*tt*t***t*itttt
x
1967.6 TO0 2058,0 METER *
R %
TUTAL NET NEY PAY .
RAKKK XRX ARRKKk kR X
r
THICKNESS 90,37 77.57 26,82 METER X
AVERAGE PDOROSTITY 24,22 2b,.09 eb.lg 4 x
vO1D VuluME 21,89 20,24 7.09 POROSTTY=METER x
AVER,PERMFABILITY (LOGARITHMIC) 4,59 MILLIDARCY *
SUM UF PERMEABILILTY 1471,11 1464,43 1185,90 MILLIDARCY=METER *
HYDRUCARGSON PEXKCENIAGE 20.87 29,18 80,99 % ]
HYDRUCARUBON VOID VUL UME i 6.7 6.01 5,78 HYDRUCARBON=MEIER *
RESTUllAL HYDROCARBUN VULUME 3,57 3.32 3,20 HYDRUCARBON=ME TER *
IRKEVDUCTIBLE HYURUCARBON VOLLUME c.02 HYURUCARBOWN=METENR *
RESTUUAL DIFFERENCE 1.30 HYDRUCARBON=MEIEK x
X
R 22 R R R R R 232222 2222332222322 223 2222282222322 23 8223332333223 2833228282822 22220 R
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AGS

XKk %k

TY SMALLER THAN 13,0 X -
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T SMALLER THAN 77.0
UNTENT GREATER THAN 33,0 %X
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CORTvAND COMPUTATION PARAMETERS PAGE~ 1
‘tt*ttttttt*tt**t*t*******t**t**t***********t*******t***t*ttt*t***t*t*t*t*t*******i***tt******t*t*****tt****t*****

* * ® * * ®

* _ ® * * HYDRU= CLAY PARAMETERS x ) i
iow INTERVAL x RN * RMF . = CAKBON x _ * TEMPERATURE
S . x x x DENSLITY x RESISTIVITY x DELTA=T x NEUTRON INDEX « DENSITY » FAHRENHEIT

* x x X L * » x

KRR R R KRR R AR R R AR AR R AR R AR R KRR AR R AR R AR R R RN AR KRR R RN AR KRR A RRARKR R AR AR R A RN R AR AR AR R NN AR RARNRRRANRNNARRRRNARRAARARNRARARARRRR A %

* x x : n x ] ® * ®

* 20%8.0 [0 200S,6 == 0,066 x 0,10 » 0,82 x 1.50 * 130,0 « 49,0 * .34 = 130,

* x x X * % * L ®

* 2005,6 TO 1967.6 x 0,066 x 0,10 « 0,14 x - 1,50 *x 130,0 «x 49,0 ® 2.34 =% 130,

® x
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& n
[ PORObITY CUT-0FFS NUNE ' 153.0 % 13.0 %(0OnLY LEVELS ABOVE O/W CUNTACH
Lo CUT=NFFS NUNE NUNE 55,0 %
Lo UELTA T CuT=0FF% NUNE 77.0 717,
ik CLAY CUT=0FFS NUNE 40,0 % 40,0 %
ok )
& *t*t**tu*titit*t*******ttt*******ttt***t*******ttt'tt***t***t*t*t*t**tt*t**t******t*ﬁ*ttttt***ttttttt*tttt**ttt*tv
S :
* 1967,6 TU 2058,0 METER
* N
* TUTAL NETY NET PaAY
L] RAkRX KK XAk RRARRR &
L . :
* [HICKNESS 90.357 BO,16 29,41 METER
x  AVERAGE POROSITY 24,2r 25,080 eq.ﬁg % e
% voln VubLuMe ?l1.89 20,68 7,53 FPOROSTITY=METER
*  AVERPERMEABILITY(LOGARTITHMIL) 4,59 MILLIDARCY ~
* St UF PERMEABILITY 1471,11 1467 ,89 1169,37 MILLIDARCY=METER
* HYURUCARBON PERCENTAGE 0. 87 20,29 719.54 % .
* _HYURUCARBON VOLID VuLUME bel7 6,350 6,07 HYDRUCARBON-METER
« nESTulAL HYDKDUCARBUN VULUME 5.57 3.43 3.31 HYDRUCARBON=METER
* IRKEDULIBLE HYDRUCARBON VOLUME 2.07 HYURUCARBON=METER
* xESTullal. DIFFERENCL 1,356 HYDRUCARDON=-METER
%
*titt*tt*t*ttt*t*****t*t***t*t*t*t*k*tt*********‘*****t***t*t*k**ti****t***t***t*tt****tt*********tt*ttttt*tt*t*tti

LISTING FLAGS 3

RENRRRARARKRRRK

¥ = POKOSTITY SMALLER THAN 13,0 %
S 3 NATER SATURATIUN HIGHER THAN 55,0 %
U 3 DELTA=T SMALLER THAN 17.0

C = CLAY CUNIENT GREATER THAN 40,0 %
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*lﬁ**i*t*k***ﬁ**‘kt***************************************ﬁ*****************************ﬁ*****ﬂ*****t***‘.*‘.****t*?-
B _ . » * HYDRO= CLAY PARAMETERS "
. TNTERVAL s T R GENSINY ¥ RESISTIVITY x DELTAT x NEUTRON INDEX = DENSITY & FanRERALYSE
‘ :*ﬁ**t*i***ﬂ***********:*******:*******:*****"***:ﬁ************:*t***i*ﬁ*:*************'*:******.**:************)
i+ 2098.0 1O 2005.6 % 0,066 x 0.10 % 0.82 0.70 % 140,0 = 47,0 +  2.00 » 130,
% E 20uS.6 10 1967.6 E V.060 S 0,10 E 0,14 5 0,70 E 140,0 2 47.0 E 2.00 E 130,
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P 3 POROSITY SMALLER THAN

5 = WNATErx SATURATIUN HIGHER THAN
J 3 UELTA«T SMALLER THaN

L = LLAY CUNTENT GKFATER THAN
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RESERVUIR FRIGG 1967.,6 TO 2058,0 METER PAGE= 2
tt*t*t******t*tt*k*k*ttt*f***t*t******t******t**t**kttt******t****ﬁtkt*ttt*****t****ﬁn****ttit***tttti*t**t**ttm
4 .

» POKOSITY CUT=QOFFS NONE 15,0 % 13,0 X(ONLY LEVELS ABOVE O/w CUNTAL
* SwW CUT=0FFS NUNE NUNE 56,0 %

* VELTA=T CUT=0FFS NUNE 77.0 77.0

* cLay CUT=0FFS NUNE 35,0 % 53,0 %

. ;
tt*ti**t**tt***tt**ttt*tt**t*t*t*t**t**k***t*****ttt**t*it*t*k*t*t*tt**t*t***t*****tt**t*t*t******t***t*t**tttia
L]

* 1967,6 TU 20S&,0 METER

*®

* TOTAL NET NET PaY

4 AKXk k% AAXkkh k&

»*

* THICKNESS 90,37 74,83 e3.17 ~METER

* AVERAGE PORNDSTITY 21,99 25,02 23.59 o e

* v0LD VYLUME 19,87 18,72 5.60 POROSITY=METER

* AVER,PcRMEABILLITY(LOGARITHMIC) 2.47 ] MILLIDARCY ]

*  olM UF PERHMEABILLITY 991,11 988,66 711,99 MILLLDARCY=METER

*  RYUDRUCARGSON PERCENTAGLE 28,98 2l.26 81,83 4

*  HYURUCARSON vOID VyLUME . 9,33 4,82 4,61 HYURQCARBON-METEN

* RKESTOUAL HYDKDCARRUN VOLUME .82 2.66 2.54 HYURJUCARBONMETENK

» IRREDUCTELE HYURUCARBON VOLUME 1.87 HYQRUCARuONOMETER

* RFESTOUAL ODIFFERENCE V.79 HYURUCARBON-METEK

*®
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" % ® * * ®

* . * , x x HYURU= % CLaAY PARAMETERS *

* INTERVAL * RW x RMF % CAKBUN _ * [EMPERATURE
M bad x * QENSLITYY x RESISTIVITY » DELTA=T x NEUTRON INDEX = DENSITY = FAHRENHE]IT
' x x % * % * * X
T O ARRRARRR AR R RN R AR AR AR AR R AR A RN AN KRR RN AN AR R AR AR R A AR AR R NN AR R AN AR AR R R AR RRR RN AR AR R RRRR RN R ARARNRARRARRRANRARNARRRRNRRRRAAR
L * x * X *® * * *

* 20%8,0 [N 2005,6 « 0,066 x 0,10 »« 0,82 * 0,70 x 140,00 « 47,0 * 2.00 x 150,

* X *® * X * x - * *

; & 20US,6 TO 1967.6 x 0,066 x 0,10 x 0,14 = .70 x  140,0 «x 47,0 * 2.00 «x 130,
ow x * * ® ’ * X * *
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L
* PanbITY CUT=0FFS NUNE 13,0 % 13, o x(ONLY LEVELS AuOVE O/W CONTAC
* CUT=DFFS NUNE NONE 55,

* uELTA T CUT=Q0FFS NUNE 7740 17, o

* cLay CUT=DFFS NUNE 40,0 % 40.0 %

*
*t*t*tittt*t*t***t**tt*tt*t************ttu***t**ﬂt**t****t*ttttt*t***t***t***t*****t*****t***tttt**tttt**tttt*t*,
w .

* 1967,6 TO 20S58,0 METER

*

* TUTAL NET NET PAY

* EEZ XS xRk K kXkKkRkk%

 {

* JHICKNESS 90,37 75,74 el 69 METER

* AVERAGE POROSITY 21.99 24,488 235.19 4 o

*  vOID VuLuMe 19,87 18,065 5.75 POROSITY=METER

*  AVER,PERMEABILITY(LOGARITHMIC) 247 MILLLIDOARCY

*  3UM UF PeRMEABILLTY 991,11 989,39 7T12.29 MILLIDARCY=METER
* HYURUCARGON PERCENTAGE 28,55 2l.83%. 81,55 %

*  rYURUCARBON vOID VULUME 9,33 4,92 4,71 HYDRUCARBON-METER
* KESTUUAL HYDROCARARUN VOLUME 2.82 2,69 2.58 HYDRUCARBON=METEK
* IRREUVUCIBLE _RYURUCARBON VOLUME 1.88 RYURUCARBON=METER
*  kESTIuUAL DLFrE«ENCE V.81 HYORUCARbON=METENR
*
*t*ttttt*t.*ktt*ttt***t*ﬁt*ttt******t******itt****t*t***tt******ttt***t*t****ttt****ttt*ﬁt*t*t*tt**ttt*t****ttt**a

LISTING FLAGS 3
AXKRKARRRRK KR

P = POROSITY SMALLER THAN 13.0 X
3 = WATER SATURATIUN HIGHER THAN 5.0 %
U = UFLTA=T SMALLER THAN 77.0
C = CLAY CUNTENT GREATER THAN 40,0 %
(- < )
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s CumPUT ENR PRUCESSED INTERPRETATIOUON AKRAKRRKRKRAXRK KKK

: * SCHLUMBERGER *
KAKKRAKRKRARAARN KA,

COMPANY ELF NOKGE ALS
nELL : 25/1=4

Flelu FRIGL

CUUMIRY NORKWAY OFFSHURE
UATE ‘ 14=FcR=1979
KEFERENCE bls,2301

App. 11

Processing no. 7
"Cut off" : vecl 2>  40%

e £ 13%
Sw 2 55%
At £ 77 s/ft




' CUKTLAND COMPUTATION PARAMETERS | PAGE= 1

AR R AR KRR AR KRR AR R AR R KKK KR AR R R R AR R AR AR R R R K AR R AR R R R R R AR AR AR R Ak A KA KRR A AR AR KR KA R R RN AR KRR AR AR AR KR AR RN AR R KRR KRR R ARRANRA A K 2

* ® ® * x o x . *
A * _ x x AYDRU= » : CLAY PARAMETEHRKS ] ) LA
R INTERVAL * RW * RmF  x CArRBUN = x TEMPERATURE =~
* ® x * DENSITY x RESISTIVITY » DELTA=] » NEUTKON INDEX x DENSLITY & FARRENHELT »
] X X x x x X % x *
ARRKARR KRN AR AR KRR RN RR R AR KRR RN R R AR RN R KRR AR R R AR AR AR ARN KRR KR RARNRRRNRANARA AR R ARNRARRARAKRARARRARNRARRRARAANANARRKRRARARRRNRRAARRARNANR K & X
x % * x * ® x * * »
“x 2098,0 TO 200S.6 % 0,066 x 0,1V x 0,82 * v,70 * 140,0 47,9 * 2,00 x 150, A
® x * x X X x . X x & A
x 20uUS5.6 (U 1907.6 % 0,66 x 0,10 % 0,14 * Uel0 x 140,0 « 47 4v * 2.00 =« 130, »
x X X x R X x x * »
tﬁt**t***k*t***t***t*t*t*t***t***************t****t****ti****ttt*t***t****t****t***********t*******x**tttttt***w*n




Tl SN N AN N N N B AN on B N B Ol O N BN N By am o
3 ) g : . .
4 .

KESERVUIK FRIGG 1967.6 Tu 2uSb,0  METEw PAGE=~ 2

AAXRA AR AR AR AR KRR RRRAAN R AR AR KRR R AR RA R AR KRR A AR RRA AR AR ARARRARRAAARANRRRNRARARNRAARAKRARAKRN AN AR RRANRARKRRARAKRNARNARNRR AR AANKREARRARNRR AR A A
* ¥
* PURUbIlY CUT=0FFS NUNE 13,0 % 13.0 X(ONLY LEVELS AUOVE O/sw CuNTALT,
® CUT=0FFS NONE NUNE 95.0 % . *
x UtLTA I CUT=0OFFS NUNE T7.0 17.0 »
: CLAY CUT«0FFsS NUNE 35,0 % 33.0 % .
*t*t*ttt*t***k*******k*****t*t*t*****k*****t**ktt*tt*t*********t*t***ktt****tt****tt***t***t*t***t****t*'k*t***t**:
* . ¥
* 1967.6 TO 2uS8,0 METER »
g »
A TUTAL NET . NET PAY ’
* AXKK*%R x K%K AKXxNKkkXkX I3
x ) ¥
*  THICKNESS . 90, 57 " T6.66 26,06 METER ,
x AVERAGe POROSIITY 23,25 29,98 23.9/ % : s
*  vOLD VuluMme 21,01 19,91 6.25 POROSITY=METER ,
* AVER.PERMEABLILLTY (LOGAKITHMIC) 5.22 MILLIDARCY ,
*  Otlel UF PERMEABILLTY 1196,UH 1194,30 871.77 MILLIDARCY=METER ’
*  nYPRUCARBON HERCtNIAbE” 29.18 28,19 719,82 % - »
*  nYURUCARBUW VOLD VULUM Y.69 Y.29 S.05 HRYURUCARSBON=METER .
* n~ESIDUAL HYDROCARBUN VULUME c.90 2,19 2.6Y HYURUCARBON=ME [ER r
*  IRKEVULIbLE AYURUCARGUON VOLUME 1.99 AYURUCARBON=ME [EK %
x KESIuUAL DIFFERENCE V719 HYDRUCARBON=METER ;
x .
KA RA KRR ARRRAR R KRR AR AR R R AR RN KRR R R A ARARRARRARRRA AN RR AR AR KRR RARRAANAN R AR ARRRARARRNARARRRNR AN RARNRRARRNAR R RRRRNANANNRRARANR AR RR AR KN

LISTING FLAGS 2
KXKRRRRRKRKRK

P = PORUSIIY SMALLER THAN 13.0 %
5> = WATER SATUxkAITIUN HIGHEKR THAN 85,0 %

U = DELTA=1 SMALLEX THAN 17,0

C = CLAY CUNTENT GREATeR THAN 33,0 %
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