X

i o B AR
B TS

[.-227 45|

2 9 ‘-"58 1980

m,,;;;:z:z_ ICRATEY

PETROPHYSICAL EVALUATION
WELL 34/10-4 |

BY: PETROLEUM ENGINEERING
PETROPHYSICAL GROUP
JANUARY 1980

ENG: J. RAFDAL

statoil



e
E]
H Ea
S

N

CONTENTS

General welldata
Introduction
Summary
Lithology

Log quality
Input parameters
Shale parameters
Temperature

Mud properties

Formation water resistivity

Resistivity
Hydrocarbon density
Computations

Shale wvolume
Porosity

Formation factor
Saturation exponent
Coring summary
Watersaturation
Comparison log & core
Testing summary
Results table
Appendix

PAGE




NORWAY OFFSHORE

Licence
Wildcat well

Location

Spudded

Rig released
KB-elevation
Water depth
Total depth
Objective
Operator
Partners
Status

GENERAL WELL DATA

050
34/10-4
61°12115,12"N
02°13'55,73"E
12 aug. 1979
17 oct. 1979
25 m

197 m

2600 m

Jurassic sandstone

Statoil

Norsk Hydro, Saga Petroleum

Plugged and abandonned
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INTRODUCTION

This is the third well drilled on the 34/10 delta structure. The

primary objective was to test the Jurassic formations for  hydro-

carbon accumulations. This report will evaluate the petrophysical
parameters of the reservoir sections encountered using electrical
logs, core data -and formation tests.

SUMMARY

Two hydrocarbonbearing zones were penetrated in this well, Eocene
(1292 - 1307 m) and Brent (1816 - 1916 m).
Statfjord formation (2350 - 2481 m) is waterbearing.

"Eocene pay" contain 8.25 m of pay with average porosity of 34.4%
and average watersaturation of 38.5 %.The type of flULd can not
be determined.

Brent formation contain 81l m of pay with an average porisity
of 32,4% and average watersaturation of 12.7 &, Statfjord
formations contains 63 m net sand with an average porosity

of 23.3 % |

LITHOLOGY

Eocene formation (1290 - lBOﬂ_mI consist of interbedded shale/sand..

The logs are from a 17 %" hole and only ISF/SONIC: and FDC/GR is’
availabel. This makes it difficult to exactly define the lith-
ology and fluids present.

Brent (1816 - 1916 ) is devided into three zones.

Tarbert (1816 - 1821), Rannoch'(l82l - 1905 ), and Broom (1905 -
S 1916 ). ' '

Tarbert consists of a shaly sand in between two siderite zones.
Rannoch consists of fairly clean sandstone in a fining downwards
sequence. Rannoch have excellent reservoir properties., Some
calcareous cemented streaks are present. 3Broom consists of 1nter--
bedded sand/shale with some caclareous cemented streaks.’
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Statfjord formation ( 2340 - 2481 m) consists of interbedded

sand and shale.

Log quality

The logs are of general good quality. FDC/CNL has been shifted
relatively to ISF/SONIC in the interval 2395 to 2485 m to depth
match the two logs.

INPUT PARAMETERS

The input parameters have been picked from crossplots, measured

data and empirical relations.

SHALE PARAMETERS

y
i

g Lp sn lor min | T
%\Ebsh Pygy 4t SH [GR min ! GR max |RSH R ..
Eocene 2.03 | 130 32 ' 70 0.9
Brent 2.35 .45 120 39 85 1.5 200
Statfjord 2.42 © .45 § 100 30 95 2.0
TEMPERATURE

The following temperatures have been used in the evaluation

and have been assumed constant within the zone used:

Eccene : 130°F
Brent : 160°F
Statfjord : 180°F



MUD PROPERTIES

Eocene Rmf = 0.264 om® 62°F 0.13 om® 130°F
Brent . Rmf = 0.22 2m@ 60°F 0.097 2m@ 160°F
statfjord Rmf = 0.25. Qm@ 63°F 0.09 om& 180°F

FORMATION WATER RESISTIVITY

Two DST's have produced water in this block:

éWELL STRUCTURE FORMATION WATER SALINITY
34/10-3 Delta Brent 43200 ppm NaCl
34/10-2 | Alpha Statfjord 45400 ppm NacCl

The SP-log indicates the salinity in 34/10-3/8tatfjord fm. to
be in the order of 45000 ppm NaCl. 45000 NaCl has been used
in this report for both Statfjord and Brent formation.

Eocene formation : From SP : +30000 ppﬁ NaCl. This gives the .
following resistivities at reservoir cond.

Ecocene s 0.1190v m
Brent 2 0.075v%vq
Statfjora :'O.QGBJLIn
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RESISTIVITY

Eocene : IId has been.uSed.uncorrected for RT

Brent : DLL is used. RMSFL (RX0} was corrected in the
following way according to chart RX0-2 (schl.chart
book }=
Interval RXC = C % RMSFL
1820 - 1829 0.9% RMSFL
1829 - 1843 0.8%5*RMSFL Rme = 0.5
1843 - 1858 0.90*RMSFL

(®res.cond

1858 -~ 1920 0.83*RMSFL
RLLD has been corrected according to chart Rint-9,
and used as RT.

Statfjord : ILd was used uncorrected as R

HYDROCARBON DENSITY

' The hydrocarbon density has been picked from RFT-pressure plot

T-

which gives a value of = '0.785 gm/cc.

COMPUTATIONS |

Shale volunme

Gamma-Ray, FDC/CNL and Resistivity (RTI have been used in the

following zones:

Formation Indicators
Eocene GR

Brent GR, FDC/CNL,
- 8tatfjord . ' GR, FDC/CNL

R

Where several indicators have been used, the minimum values

has been used for VSH,



POROSITY

In Eocene, the FDC (denistyl.has been used to compute porosity.
Matrix dersity = 2.65 and fluid density = 1.0 was used.

In Brent and Statfjord formations a complex litholegy method
using density and neutron logs was used with the following

matrix parameters :

FDC  CNL
Quartg : 2.65 , =0.035

i? Heavy mineral : 2.9 , .25
‘fj}'}i Fluid : 1.0 , 1l.C
o . FORMATION FACTOR

Humbles relation was used in Eocene and Statfjord formations. In
Le Brent formation the following relationship has been used:
ot F =g 2 (from core measurements)
o SATURATION EXPONENT

In Brent formation core measurements indicates the value of
n to be in the order of 1.95 (average]l. In Eocene and Statfjord

n = 2.0 was used.

e CORING SUMMARY
A

. Five cores were cut in the Brent section. Correlation
o between logs and coredata give this depth raltionship:
- depth. log = Depth core = ~ 4.5 m



WATERSAURATION

The Nigeria-equation (Schiumberger) has- been used for
e ations of the water saturation.

—— A —— — T et v o —— AT Nl

1 _ (velay)® sw o™ su®

R Rclay - aRw
where:
B R = Resistivity of virgin zone
Sw = Watersaturation
™ Rclay = Resistivity of clay (Rsh)
G c = Vélay*exponent (1.6 used)
. @ = Porosity
a = Lithology factor
. Rw = Formation water resistivity
i ' m = Cementation exponent

n = Saturation exponent

‘calcul~



COPMARISON BETWEEN LOG & CORE PQROSITIES

Comparison between log and core porositis have been performed
in the interval 1822 - 1887 after shifting the core data to
the CPI:

Average porosity from cores : 35.9 %
" ' " " logs 33.9 &
Ratioc log/core : 0.946 %

This ratio is in thei:same order of amgnitude as maeasurments
performed on cores under overburden conditions (0.95 - 0.98)

TESTING SUMMARY

Two zones were tested in this well: The table below lists a
brief summary of the tests: '

DST 1A DST 2 i
Interval 1880 - 1885 1884 - 1826
Choke size 20/64" 20 + 32/64"
Production 1800 STBO/D. 5100 STBO/D
ER?Térks- '_ No sand ‘ No'sand




34/10-4 RESULTS TABLE PETROPHYSICAL PARAMETERS
_ AVERAGE WATER- NET/GROSS
THICKNESS __AVERAGE POROSITY | SATURATION . RATIO
_ NET S NET SAND NET SAND.- NET SAND
FORMATION INTERVAL ET PAY NET PAY _~TRET PAY _~GROSS SAND
"Eocene Pay" 1200 - 1310 |14:357g .5 | 341 34.4 61.5 38.5 |2 41
8 2.25 .-~ | 20.8 45.1 . .45 L
| Tarbert 1816 - 1821 - _"1.75 - 20.5 =" 37.8 .35
. . : / e N T - — . e
Rannoch 1821 - 1905 79,0 32.7 12.3 .94
- | 2.5 9., 74.9 23 e
Broom 1905 - 1916 | 227 et 16.9 : €3.3 T
Total Brent 1816 - 1916 81 32.4 12.7 .81
Statfjord 2340 - 2481 63 23.3 1.0 .45
CUT~OFF CRITERION VSH > 40 %
© SW > 65 %
| @ ¢ 12 %
Thickness ¢ 1m




APPENDIX

= Crossplots log vs log
- = Crossplot logq>'vs core
- Crossplot core k vs core{b
- Analog CPI's
- Summary leg Brent formation

= Listing Brent formation
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0. Ogg
0. 03z -
0. 0ed
0, e
0. 083
0. 0eg
0. 070
0,071
0. 073
0. 075
4. 077

TATE: 16JANS0.]



WELL: 24-10-4 ¢ 1816 - 1910 ) DATE: 1€ AHS0.

DEPTH YEH

| FHIF  3W
© 1266, 00 6,009 .37 0.082
1566, 85 0,039 0,356 0. 0Z9
1266.50  00000.000 Q.37 0. 090
1266.75 00000, 000 0,372 0. 099
1367, 00 0,057 0.357 0111
167,25 . 0.09% . 0.345 0,184
1867, 50 0.11%  0.334 00134
C18€7.75 0 D.0ET 0. 342 0. 184
1268, 00 0.047 0,348 0.115
1268, 85 0,050 - 0,334 0.11E
1868.50 00000, 060 0. 249 0. 106
1868.75  00000.008 0,351 .11l
1269, 000 00000.000 0,355 0,118
1869.25 - 0.038 - 0.347 0. 1E7
1863.50 - 0.089  0.331 0,132
1869.75 . G126 - - 0,320, 0.135
1870.00 00115 0.318 - 0132
1870.25 - - 0.107 0.319 - D124
1876, 50 - 0.104 . 0.327 6,118
1270.75 00000, 000 0. 357 0,109
1271.00 0,008 - 0,359 0,104
1871.25 . 0.081 ° °  0.349 o.108
1871.50 0.046 0,240 0,096
C1871.75 0 nLeit o 9,381 0.086
1872.00 00000.000  0.378. . 0.0FE.
1872.25 00000, 000" 0,380 Q.07 -
1872.50  00000.000 D.3ZB0 B.OFR.
L 1872.75  00000.000 - - 0.SFE v - GuOFS
1873.00 00000, 000 . 0.380 - 0,079 -
1273.85 00000.000. - 0.380 0.DB3 .
C1872.50 00000, 000° L3810 0,084 -
'1$?3,?5”;eeaae,aﬂa::n 0,381 0.088
C15F4.00  DDOOOL D000 0,3FF 0 D088
1874.85 - 0,001 - 0,371 0,087
D 1§74.50  00000.000 0,367 - 0. 085
‘ C i 1B74.75 00000.000° 0.3F0 0,083
- St 187,00 00000.000 0,374 0. 080"
o3 . 187S.85 00000, 000 L3FT 0,079
L | i 1875.50 00000,000 0,375 0,078
‘ - b18FS.7S 0 00000,000°  0.5FS 0. 077
C187E.00  00000.00R . 0,375 D.OFF
187E,25 00000, 000 0,373 0. 054,
S 187E.50  00OD0. 000 0. 358 0. 095
o o ©1ETE.TS - 0.017 . 356 0,105
) | 1877.00 ongOD.00C 0,358 0,105
1577.E5 p.o0g - 0.35F. 0. 102
1g7Fr.S0 . 0,080 0,345 0,100
1877.75 . 0,073 n.3RI2 0,101
C1878.00 0 0.098 . 0,329 0106

iura...::.fa : 0, ues 0, 3e9 0. 106 -

]

w 3 !
T & S




;o WELL® 34-10-4 ¢ 1B1€ - 1910 C DATE: LEUANSC
, ‘
1 DEFTH WEH CPHIF | I
o © o 1878.50 0.8 0.367 0. 104
: ' 1972.75 00000, 00D 0.372 0,100
Y 1E79.60 0 000D, D00 0,368 0. 103
187985 00G000,D00  0.365  0.181°
L : P 1879.50 - 0.057 0,250 . 0.189
. ot 187975 n, G99 0334 . 0.148
; : C1g20.00 0 0,119 0.289 D.1S0
o P 1BR0GES . 0,145 0,383 BLISE
: ;o 1BE0.50 0, 14 .32 D161
: . 1880.75 0128 0,384 0,160
18581, 00 - 0.029 0,343 0.151
, 1821.85 00000.000  0.349 0,145
s 1g81.50 00000.000 - 0,345 - . 0,157
N 1881.75 . 0.041 0,334 0,166 -
: 1882, 00 CogLti4 . D.EI6 0 BL1S0
£ 1888.85 Cm1ED 0 0L.304 0 0,183
L 1882.50 0.159 0. 206 0. igt
’ 16888.75 D157 0.310 0,177
3 1€83.00 - 0.087 . 0.386 0,175
- 1883.85 . 0.008 0,345 0. 169
. 1883.50 0. 047 0.338 0,176
< , 1882.75 - 0.090 . 0,386 - 0,182
L 1984, 00 0,109 0,316 0,188
L 1884. 85 0.117 . 0.209 o.194
T 1884, 50 S 0.117 0 D0LB0S 0 - 0.200
; 1884.75 6,139 0.201 0,204
L. - 1885, 00 Cg.1€4  0.298 . 0,210
= 1685, 25 .10 0,303 @207 . o
18€5.50 B 2O (P11 Bl
: 1885.75 - 0.141  0.897 - 0.208
L 182€.00 - OL163 cp.285 0LE09 .
5 186,25 - 0,169  0.2€8 C0.E03
L I886.50 . 0.165 g.292 0 0,195
C1886.75 0151 g.299 0,188
18g7.00 G@iaﬁ_ 0.313 0,176
1857, 25 0,033 0.339 . 0.164
. 1887.50. 00000, onn 0.350 - 0.163
¢ 1887.75  00000,000 © 0.34%  0.171
| 18E2.00 0,040 0.ZEF 0 0.204
I ¥ QL0689 - G890 0,244
i1gee.sn 0.093 . . @256 0.303
; 1@%3.“5. SomL1EE s I DLE2ET . 0.354
1820, 00, 4LENE - 0.217 0 0.349
: 158%.;“~ ©MLEET . 0LE43 00311
I 1829.50 CDLERT . 0.EF0 0.297
IO1B89.7S . 0,@26  0.E7E 0.31%
I 182000 DLEEY T DLEED 0. 355
Lo 1890,85 0 0.83F 0,861 0 DLI8E
Fo1890.50 SRLENE BL.eTL 3ED
P0O1890.75 0 0 0.BO®  0.R&7 0 - 0.3EZ

P




- DEPTH

1891, 00
12821.25
1891.50
1891.73
129z, 00
1892,.285

1299.5¢
1892.75

129200

1893.85
1893.50
1 1e9s. TS -

1884 00 . -
1894,25
1§94.50
1594.75

1295, 00
1295.25

- 1895.50 -

1895, 75

1896.00
1896.85 <
| 1896.50 - -
1896.75
189700
1897.25
189750
1897, 75 - .
1895, 00
189585
1892.50 -
189875
1899, 00
1599, 25 .

1599.50

1999, 75
1900, 00
1900. 85"

1900.50
1900.75

L1901, 00

1901.,25

1901, 50
C1901.75
1908, 00
1902, 85

1902, 50

IR0, 7E

19632, 00

1902.25

CYEH

0264

. 6T
0.230

0. &858

0.87E
0. 292
Q. 243

EFS R

0. 187

L
0.204%

- 0.EAT
N.255

0. 284

0. 302 .

0.23
t.za%

n.ese

0.310

0.306

0,288
0. 206

D.TEE
0. 476
0.429

0, 336

0.311

0.298 -
0,305
0,326

0.318 -

» 37O

Bl s I

ﬁa e el et

0.321

T.318

0.393

;,3;3?5’>

0.zl

0, 2R

DL 2R
1.29%
0,20
0.50%
0,557
- 0.536

0,578

n.see

WELLZ 3a-10-4 ¢ 1516 - 1910 >

- PHIF
. 0,251

0.257
0.E7S
0. 259
0,244

0.23%9

8,80
0.255

0,252

n.244

0.238
.21+
g. 223

D28

0.3

0.215

n.ole
g b 211
0.211
n.z217

0.2

N.2ad

0.z240
D.221

¢ D.187
0,196

0.218
0,217

0. 206

0.288

Ty

n.z2o

0.190 -
b.260

0.197

D.200
006

0,232

0.231.

0. 253

0.24E

G.239

0,887

0.190
0,155
0. 137
0.1z8
0,109

0,10V

s
- B.379

gy
. TEL

0,404

0,368
0. 294
0, 3TE

- B.357
0.291
0. 4303

0. 452

U- 484

0,594
0,400

0.<08

. a0s
0. 556
.579.
0.572
Q. 588
0, <50
D.a3Y
0.523

0.5%4
L pLBEn

0.£04

0.592
f.478
0452
0. 425
0,459
0546
0.38T
Gr 513 :

0. 3503

0.495
0.348

0,486

0.542

0.599 .

0.&17

0,847
0,665
0TI
0. 751
0.TES
0,794

0.8ve
0,237

DRATES 16JAME0-JF

RV



WELLD 24-10-4 € 1816 - 1910 >  DATE: 16JANE0/.

DEFTH - VSR PHIF . SW
£903.50 - 0.595 . 0,091 0.955
1903, 75 0.599 0,117 0. 638
1904, 00 CD.EEL. - 0,099 1. 898

C1904.8%  0.579 0 0,114 0,870
1904, 50 T0.4%9 0,161 0 D.TES
1904, 75 0.510 0,165 | 0743
190%..00 0,588 0. 130 B.760
1905. 85 0.427 0,163 0,859

1905.50 0.381 0,169 0.633
1905, 75 0.888 0,150 . . 0.687
1908, 00 0,201 0,174 0.774
1906.25 0.141. 0.181 - - 0.798
190650 - 0.114r. 0.198 - 0.75%
1906.75 0,169 °°  0.16F - - 0.78R

= . 1907.00 0 0LERE&. 001€3 - 0.780)
" . L 19G7.2T 0.829° - 0.198 0.759 -
199750 - - DW1BE 0.282 0 8,730
1907.75  0.199 0,217 .  0.784
1908.00 O 0.507 0,143 - - 0,867
i 1908,25 0. 605 0.180 - 0,897
T1908.50 0 0.640 0 0.106  0.938
I te0e.75 0.613 - 0,106 - 0,975
P1909.00 g.522 0.120  1.035
P 1909.25 C0.519 . 0,106 1. 099
| 1909.50. -  0.634.- . 0,058 - 1.872
| 1909.73 0.714% 5,050 - 1.168
] 1910.00  0N.72E . 0,098 0.961 :
1 L . -




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

