795 6
[~ A

'PETROPHYSICAL EVALUATION
WELL 34/10-3 ”

BY: PETROLEUM ENGINEERING
PETROPHYSICAL GROUP
Nov 1979

ENG : J.RAFDAL



CONTENTS

General well data
Introduction

Summary

Lithology

Log quality

Input parameters
Formation water salinity
Formation température
Mud properties
Hydrocarbon density
Resistivity

Shale parameters
Computations

Shale volume

Porosity

Formation factor
Saturation exponent
Watersaturation

Coring summary

Comparison between core and log data

Permeability
Testing summary
Results table

Appendix

PAGE

10

11



-1 -
GENERAL WELL DATA
E Norway offshore
Licence : 050
Wildcat well : 34/10-3
Location : 61°12'49.5"N
02°11'55.1"E
Spudded : 14 March 1979
Rig Released : 8 june 1979
KB-elevation : 25 m
Water depth : 179 m
Total depth : 2802 m
Objective : Jurassic sandstone
Operator : Statoil
Partners : Norsk Hydro, Saga Petroleum
Status : Plugged and abandonned
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INTRODUCTION

This is the second well drilled on the delta-structure in block
34/10: The main objective was to test the Jurassic sandstone
formations for hydrocarbon accumulations. The purpose of this
report is to evaluate the petrophysical parameters of these for-

mations using electrical logs core and test data.

SUMMARY

Only Brent formation (1892 - 2092 m) encountered hydrocarbons in
34/10-3. Statfjord formation (2495 - 2715 m) is waterbearing.

0il water contact is at : 1971.5 m. Brent encounters 35.75 m.
Net sand. Average porosity in 29.6 % and average watersaturation

in the o0il zone is 38.5 %.

Statfjord formation encounters 100.25 m of net sand with an aver-

age porosity of 18.9 %.

LITHOLOGY

The reservoir zones have been divided into the following units:

NESS (1892 - 1979) : Delta plain.. Interbedded shale, sand,
coal.

ETIVE (1979 - 2002) : Delta front. Clean sandstone.

RANNOCH (2002 - 2084) : Shore face. Fining downwards sequence.

Some tight carbonate, cemented zones.

STATFJORD FM
(2495 - 2715) : Interbedded shale and sandstone.
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LOG QUALITY

The logs are generally of good quality. In Statfjord formation,
the sonic transit time has been taken out of BHC-G, run 1. The
sonic on ISF/BHC-G run 6 is not acceptable.

INPUT PARAMETERS

Input parameters to the calculations have been picked from cross-

plots, measured data and empirical relations.

FORMATION WATER SALINITY

DST No. 1 produced formation water with a salinity of 433200
ppm NaCl. Log analysis indicates the salinity to be the same
in Statfjord and Brent formation. The following wvalues have been

used -for formation water resistivity under reservoir conditions.

Brent fm : 0.073 Om at 1609F
Statfjord fm : 0.062 Qm at 185°F

FORMATION TEMPERATURE

A constant temperature have been used in the computations for
each zone:

Brent : 1600F
Statfjord : 185°F
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MUD PROPERTIES
At 480F At reservoir cond.
%k
Rmf = .39 QOm ;- .13 Om
Brent Rm = .554 " ’ .18 v
Rmc = 1.60 . .52 "

*¥23000 ppm NaCl

at 55°F At reservoir cond.
Rmf = .323*%*Qm ’ 0.105 Qm
Statfj. Rm = .495 " , 0.150 "
Rmc = 1.15 " ’ 0.340 "

**¥24000 ppm NaCl

HYDROCARBON DENSITY

The hydrocarbon density have been picked from RFT-pressure
plots. A value of 0.785 gm/cc has been used.

RESISTIVITY

Brent formation:

RLLD has been used uncorrected (chart Rint - 9, Schlumberger].
RMSFL has been used for-RXO corrected for mudcake effect (chart
RX0O - 2, Schlumberger).

Corrections on RMSFL

il

~ Hydrocarbon zone RXO 0.88 Rysrr,

0.80

Water zone RXO RMSFL

Statfjord formation:

RILD (6FFP40) has been used as RT. No RXO tool available (SX0O = 1)
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SHALE PARAMETERS

Shale parameters have been selected from crossplots and vi;ual
inspection of the logs. High content of K-feldspar and mica
increases the GR-reading. This makes it necessary to adjust
GR min values in Rannoch. The table below lists the parameters

used zone by zZone.

s T |
ZONE @NSH | pBSH ; AatsH RSH GR min ; GR max |
] : ’ f
NESS 45 | 2.35 120 1.5 30 73
ETIVE .45 | 2.35 0 120 1.5 30 73
RANNOCH _ .45 | 2.35 ; 120 | 1.5 42 73 ¢
STATFJORD .45 | 2.45 | 100 [ 2.0 . 30 90

COMPUTATIONS

SHALE VOLUME -

Gamma Ray and FDC/CNL crossplots have been used for Vsh cal-
culations. Where both indicators have been used, the minimum
value have been picked as Vsh. Bélow is listed for whic
intervals the two indicators have been used: '

Interval Indicaor»

1885 -~ 1892 FDC/CNL

1892 -~ 2100 FDC/CNL,GR
- 2490 ~ 2725 FDC/CNL,GR
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POROSITY

The porosity has been calculated with a complex lithology method
using density and neutron logs with the following matrix paramet-

ers:

FDC CNL
Quartz 2,65 , ~-0.035
Heavy mineral 2.9 ’ 25
Fluid 1.0 ' 1.0

FORMATION FACTOR

Measurements performedd on cores in Brent formation indicates

that the following relationship can be used for formation factor:

In Statfjord formaiton, Humble's relationship has been used:

F =0.62 213

SATURATION EXPONENT

|
Core measured data give an average value of 1.95 in Brent for-

mation. In Statfjord formation, a value of 2 has been used.
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WATERSAURATION

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

—— —— > -

1 _ (velay)€ sw o7 sw”

R

where:

Rclay

Sw
Rclay

aRw

Resistivity of virgin zone
Watersaturation

Resistivity of clay (Rsh)
Vclay-exponent (1.6 used)
Porosity

Lithology factor

Formation water resistivity
Cementation exponent

Saturation exponent

calcul-



CORING SUMMARY

Eight cores were out in Brent formation. The core-depths have
been correllated to the CPI-depths based on description and

petrophysical parametres.

Core 1 1904 - 1919.4 rec.: 95.5
Log depth (Cpi) : 1902.5 - 1918.4

oo

Core #2 1919.4 - 1930.9 rec.: 90.4 %
Log depth (Cpi) : 1918.4 - 1929.9

Core #3 1930.9 - 1936.1 rec.: 48 %

Core #4 1936.1 - 1953.2 rec.: 68 %
Log depth (cpi) : 1934.1 - 1951.2

Core #5 1953.2 - 1971.1 rec.: 88 %
Log depth (cpi) : 1951.2 - 1968.1

Core #6 1971.1 - 1989.2 rec.: 100
Log depth (cpi) : 1968.1 - 1986.2

oo

Core &7 1989.2 -~ 2007,3 rec.: 95 %
1986.2 ~ 2004.3

Log depth (cpi)

Core #8 2007.3 - 2025.3 rec.: 100
Log depth (c¢cpi) : 2004.3 - 2022.3

oo
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COMPARISON BETWEEN CORE AND LOG DATA

Log porosity and grain density have been compared with core
data (GECO) in the interval 1979.5 - 2023 (cpi). The results
are listed in the table below:

: ! LOG CORE LOG/CORE
‘Average Porosity 31.90 33.45 0.954
gAverage grain density 2.71 2.672

Data on 34/10-l1-core indicates that the porosity at net-con-~
fining pressure should be 96-98 % of the porosity measured
at atmospheric pressure; hence the log porosity is within
acceptable limits. Histograms and crossplots of log and core

porosity are enclosed in appendix.

PERMEABILITY

Horizontal permeability has been'plotted against helium porosity
for each lothologic unit on enclosed graphs in the appendix.
There are two distinct trends; for Rannoch and Etive. The data
in Ness are to scattered to make a good trend.

The trends in Etive and Rannoch agrees with the relationship found
in 34/10-1 which was:

ETIVE : ¢ = .1+ .068 log k

RANNOCH : @ = .15 + .07 log k

where : @ = porosity in fractions
k = permeability in mD
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TESTING SUMMARY

Three DST's were performed. Here is listed a summary of the

main results of these tests:

DST # 1 : Interval : 1990 - 1995
Choke : 20/64 "
Production : 2600 STB/d (water)

DST # 2 : Interval 1935 - 1940
= Choke : (29 + 14) /64"
' Production : 2850 STB/4 oil

1167-10° scf/d

DST + 3 Interval 1895 -~ 1900
Choke 10/64"
Production : 650 STBR/4 oil

Sand plugging
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34/10-3 RESULTS TABLE OF PETROPHYSICAL PARAMETERS

FORMATION

INTERVAL NET SAND
RKB (m) (m)

AVERAGE | AVERAGE
POROSITY = WATER-
(3) | SATURATION (%)

B VOO

NESS

1892-1979 | 35.75 ¢ 27.3 38.5 s

P j -~
E : - E T s
1: s P ‘,/'l % E //,,/‘ ) t
’ o 325 268 428 L7 0.428 |
ETIVE 1979~2002 22.25 . 32.4 : 100 0.967 ;
: i | ;
RANNOCH 2002-2084  72.25 30,3 | 100 © 0.881 |
L e
|
| o
TOTAL BRENT | 1892-2092 = 35.75 27.3  38.5 0.179
o R 13175 . _29.6 . 0.879 . 659

Il
i

—

| STATFJORD

H
i
i

i

ja
o
(e}

2495-2715 | 100.25 | 18.9

|
i

CUT-OFF CRITERION:

VSH > 40%
PHIF < 12%
SW > 65%
Bed thickness < 1 m (Brent £fm)
Net sand = Net pay above O/W contact

-

|NET PAY -
‘ ///-' . !
g " NET SAND |

e i




APPENDIX
Crossplots log vs log
permeability vs porosity
log vs core
Summary log

CPI

Listing
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DST DATA :
DST# | DST= 2 DST s« 3 Location KBE levation = 25m Spudded:l4March 1979 Oct.: 1979
Interval : 1990-1995 | Interval : 1935-1940 interval : 1895- 1900 61°12' 495"N Water depth=(79m Rig released:8Juni 1979 PE /EVALTEK
Choke : 20/64" Choke :(20+14)/64" Choke 1 10/64" . 02°if 55,1"E Status:Plugged and
Production : 2600 STB/D | - | Production: 2850 STB/D (0il) Production : 650 STB/D(Oil) abandonned JRa/AM
Water 1167 »10°SCF/D (Gas) sand plugging
Den norske stats
dhubkapu
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