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1. INTRODUCTION

Well 34/10~5 is the fourth well drilled on the
Delta~structure in block 34/10. The well penetrated the
Brent and the Statfjord formation and reached a total depth
of 2780 m RKB. The Brent formation contain hydrocarbons

while the Statfjord formation contain water.



2. OBJECTIVES
The objectives of testing well 34/10-5 were:

1. To test the Brent formation for productivity, pressure
and temperature,

2. To obtain representative samples of the reservoir fluid.

3. To run the repeat formation tester to obtain a pressure
profile in the Brent formation.,
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CONCLUSIONS

lo

RFT and DST data in the Brent formation indicate that
well 34/10-5 represent the game pressure system as found

in previous drilled wells,
The drill stem test indicate a permeability thickness
from 89251 md ft to 103739 md ft and a permeability from

579 md to 673 md in the tested part of the Tarbert zone.

The gradient in the oil zone is estimated to 0.074 bar/m.

In the waterzone, the gradient is estimated to .105 bar/m.

The maksimum temperature recorded during the drill stem
test was 74.5°C or 166.1°F at -1901 mMSL.

No water was produced.

The hydrocarbon system is similar to those found is wells
34/10-1, 3 and 4.
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DISCUSSION

4.1 DST analysis.

One drill stem test was run in well 34/10-5. The well was
perforated in the Brent formation from 1925 m RKB to 1927 m
RKB (Tarbert). This zone consist of clean/argillaceous

sandstone.

Two pressure build up test were analysed. PBU no. 2 indicate
a permeability thickness of 89251 md ft and a permeability of
579 and PBU no. 4 indicate a permeability thickness of 103739
md ft and a permeability of 673 md. PBU no.2 is probably the
most reliable due to a constant production rate during the
drawdown prior to the PBU. PBU no.4 could be affected by the
choke changes during the drawdown. The permeability
calculated from PBU no. 2 and 4 compare well' with the

measured core permeabilities.

The total skin factor is significant lower than the
calculated skin due to partial penetration. The partial
penetration skin factor is calculated to +63. The skin
values calculated from the Horner analysis is in a range from
+5.9 to +6.8. The cement bond log however, indicate a bad
cement bond in the tested interval. Channeling behind the
casing will increase the effective perforated interval and
decrease the effect of partial penetration. Therefore a
separation of the total skin into formation skin and partical

penetration skin is difficult,

The reservoir pressure calculated from the PBU's is 4540 psia
at -1882 m MSL. This pressure compare excellent with the RFT
data.
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2 thickness of 47 m, an average porosity of 29%9% and a water
saturation of 21.5% were used in the DST analysis. These
values are estimated from the CPI log in appendix A5. The
PVT data were taken from the Core lab. report RFLA 80016
based on a sample taken during the DST.

The analysis, test sequence and rate data etc, can be found

in appendix Al.

4,2 RFT analysis.

The repeat formation tester was run in the Brent formation,
data from 1898 m RKB to 2100.5 m RKB are available.

The RFT data and the pressures obtained from the DST analysis
compare excellent.

The gradient in the o0il zone is estimated to 0.074 bar/m, in

the water zone it is estimated to 0.105 bar/m.
The RFT pressures from this well, compare well with other
wells located on this structure in the Brent formation. The

RFT data and analysis can be found in appendix A2.

4,3 Reservoilir temperature

The maximum temperature recorded during the drill stem test
was 74.5°C or 166,1°F. This is close to temperatures

measured in wells 34/10-~1, 3 and 4,

A plot of the maximum recorded temperature versus depth for
well 34/10-5 and previous drilled well can be found in

appendix A3,



4,4 Reservoir fluid.

Two bottom—~hole samples were taken and analysed by Statoil,
SINTEF and Core Lab. The analysis indicate the same
hydrocarbon system as in wells 34/10-1, 3 and 4. In addition
two RFT samples were taken. The analysis done by Statoil

indicate the same as above,

A summary of the sampling can be found in appendix A4,
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BOTTOM HOLE PRESSURE REPORT

Well 34/10“5 Test no. DST NO.1
Test Date _29/12-79 Date of analysis 26/9-80
SUMMARY OF THE RESULTS
PBRBU No. 2 PBU No. 4
Semilog Analysis Semilog Analysis

h md-ft 89251 103739
K md 579 673
S +5.9 +6.8
P (psiadat- 1882m ss 4541 4540

Max. recorded Temp.

Remarks

74.5°C (166.1°F)

Qs Clebe

Signature




A1-3

war _24/10 - g}DﬁTﬁf Testdate 29.12.7%9

Reserv_oir Parameters
Perforations 1925 = 1927 EM?M% Zone(s) TARBERT

Welibore radius o ) ! i feet

RKB Elev 2 5w feet

Midpoint Production —~— ‘qﬁlm sS Bomb at \ﬁo;l‘“ RKB - Rg@z“" s
Pressure Functions Evaluated at — [ Detum Depth - 53
Delta P required to correct to datum psig Gradient psi/ft

Estimated Average Pressure psig

Formation Volume Factor E 0222 vol/val Viscosity "2 5’ cp

Thickness L%:} WA feet Porosity 2 q % Drainage Area acres

Qil Saturation | nzi"g 5 % Qil Compressibility .5 x 108psi -1

Water Saturation 2. 5 % Water Compressibility 3'0 x 10-%psi -1

Gas Saturation - % Gas Compressibility 105psi -1
Formation Compressibiiity 3~O x 10‘5psi -1

System Compressibility Cy =SgCq +SuCw + SgCq+ C¢

Q:.?&E % ¥.§x1ge+.21§ < 5.0 1054 == x o= 1064 3.0% 108

ce=__ 9B % 108p5 1

Rates Reported on Test. Sag, ‘é"ﬂa&r ﬁ@k' [t 1

Choke / inches  Oif Rate ___ STBPD GesRate _______ MMSCFD

FTP . psig Water Rate BWD GOR SCF/STB

Oapi Gas Spec. Grav.

[P SE— )

Cumulative Production Ol L”s?q"l %m Gas
PRy

Water O

PBY % 4 Cil: 849.,6TR Gon: 2H2 MECF
Wotey~ 1 O
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wen 24/10 =5 DETH#] et pae 241219
PRV ¥l

Horner Analysis
Effective Production Time tp = Cumulative Production / Rate Reported on Test.
Wy / (21922:00) . 20Fwun
Straight line starts at I 12563 hes Slope _ Zﬂ’ 3 psifcycle
Portrs o 1LY ?491'&
Py . 45359 goic,
p¥K _HEu .}yét'&..

tp:

Caleulated Values

o 1 . mzﬁmyqz)(;.;m)(a.:zg) . 89251 .t
Coxn . 89281 J((329) . B¥
S=1.1513 [E”h"m; Pwf ﬂﬂ.og [ﬁ’t’;‘] - Log [QT;I%‘}ﬁ]* 3.2275:;
S115138 [[ﬁsﬁ%%%]‘ Log [&_;gg]_- Log (:( .1%%!.1%)(’?33;&to‘b)(-%5)2]+ 3'2275]
s, * B9
| g soom :
PomeH _ ==
| PP rouen [ HBH peia o 1882w &
. o - ss Datum
APe= 0.8F w5 = (0.83){11)(5.9) = 2.3 psi
o e e 2 s T

Q = 2147 - grafb/ | WP D
, ;?Ifgubﬁ‘ (?,s,:‘ _,.?d’é‘ - ﬁ?s - LY =UYLG-3 ] = EBS /Pe_,' = 12% M /W

vy
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wen ZH/10 =5 DsT¥! Testpae 2912 =79
Pevul Horner Analysis
Effective Production Time tp = Cumulative Production / Rate Reported on Test.
e BN9-b / BEDL x 24xL0 | QB u.
Straight line starts at 1.uF hrs Stope_ 1008 e
Pt H40% ?gsa

Pipe . F1532.7% peia.
p‘}( HSMD?E P@‘Q’

Caiculated Values

kh= 1628 QBN . 1626 (4E5L)(1.222)(128) | 103339

10.4048
K = Kh/h = lo3%34 / (32 2.29) . bL¥3 .
$=1.1513 {E"‘hfwi Pwf i#Log [“’:;1] - Log [QWPKC‘: h—;z—]"r 3.2275]

s=11513 || 4532 -H403 2810 | b33 e
1 [ loao@ | "% | 28 Los | THEVIE G 8om 16-0) (3872 |7 7 27°

s_T L.%

. 0.000254 Kt _ 0.000284

‘DA DuCiA 7 -
Pomen X0
;= P'#:-PDMBH E‘%O‘“g‘} L}SL}O Fﬁi&. @ - ‘%‘32 e 53
= Fﬁ’ia’@ - 5s Datum
AP,z 083w L = 0.83210.90@x .8 = LU.E poi
o HE5 . - 3
Ple= PF - Puf  H540 g—-Bmuc‘z. = 333 ﬂw%"“ = B mz,w

Qe 2B Bh - STRPD ,
71, TPE e Py~ DPy  HENO-LHOZ -G 12.8 /pei = by . g w P%m,

5z0
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Well 3%’/10 - g Test date QC?/IZ,,,?C{
DT

PARTIAT, PENETRATION SKIN FACTOR

42/409{///////44/ LIS L s
-

Y

ht=H3m4,!B¥2£é : ) &
k%f=2uﬂ bbbl Pe l i "o g Lﬂ_~ﬁ
' K

H

¢ =29 4514

rWZ‘Qm;LLM 635&‘%; k' T

TTTTI TS T i TTT

2y

K /Xy 1.3
Zm= y+hp/2
_ 0.2126(z_/h, +2.753)
r = r e m C
wC W

B , 0.825 0.5
S," 1.3:((ht/hp—1) (In(hy (K /K )" 2+7)

0.5
- 40 3+ 3 -
(O.-g O.Tln(n (KH/KV) ))ll’l rw 1.95))

s =*b2.9
P
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BRONN 34-16-5
BUILDUP NUMMER
GRUGE S/LYMNES S/N

NR.

[
DO -IOU £ W -

|
fary

-~ 8 pA ek pea
O O & WY

g

TID
£.19
6.19
6.21
6.23
6.27
g.29
5.31
6.35
6.39
6.43
6.45
6.47
6.51
6.53
6.55
6.59
7.91
7.03
7.87
7,08
7.14
70 15
7.17
7.19
7.21
7.23
7.25
7.27
7.39
7.41
7.43

DST: 1

2

4532.070
4532.876
4532.079
4532.490
4532.390
4533.280
4533.660
4534.089
4534 .0689
4534.4709
4534.860
4534 .860
4534.879
4535.276
4535,27@
4535.696
4535.299
4535.6989
4535.690
4536.110
4536.110
4536.510
4536.119
4536.116
4536.119
4536,518
4536.518
4536.510
4536.936
4536.836
4536.938
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BRONN 34-~-10-5
BUILDUP  NUMRMER
GAUGE LYNES S/N

NR.

WO 2 U A Wy

16

TID
18.91
18.63
18.05
18.07
18.11
18.13
18.15
18.18
18.24
18.23
18.27
18.29
18,31
18.35
18.37
18.39
18.43
18.45
18.47
18.51
18.53
18.55

DST% 1

19

4

4531.269
4531.,689
4531.68¢
4532.07%¢
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A1=15
34/10-5, DST NO. |
PRESSURE, CHOKE AND FLOWDIAGRAM

OIL RATE —=-—=~ - GAS RATE
J STB/D J MSCF/D
5004 5000
4004 4000
3000 3000
No gas rafe availgble.
2000 T o= == 2000
P
__‘I
1000 e 1000
\ ——\m__/
b GOR VS.TIME
500
480 No gos rate available .
460
440
) CHOKE VS. TIME
a0/64"
T
20/64" \ pemmimsmsrmranted ™
0/64" e b | S—
PRES.
(psi)éi
BOTTOMHOLE PRES. VS. TIME
5000
4500 - N~ N T
~
~ WELLHEAD PRES. VS. TIME
2000
1000 L .
8GO0 800 1000 100 1300 BOO MO0 1500 1600 1700 @06 @pa

2200 2300 2400 100 200 300 400 500 606 700
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FLOW RATES

wWell no. 34/10-5 DST no. 1

Date: 29.12.79

TIME CHOKE Qo 0g GOR
SCF
(1/64") (STBOPD) (MMSCFPD), ‘578
01.00 = 01.01 48
01.03 - 06.10 20 2191.65 1.0366 473
07.57 ~ 08.33 8 408.0
09.28 - 11.55 8 333.2
12.47 - 14.04 24 2859.7 1.3524 473
14.04 - 15.17 28 3707.8 1.8184 490
15.17 - 15.22 24 3664.6 2.063 563
15.22 - 18.01 32 4556.3 2.0972 460
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LAYOUT FOR TESTSTRING
34/10-5, DST No. 1

| S ot | Bepn
2.75 3.50 TDS TUBING (ABOVE RT) 6.23 ~6.33
2.75 3.50 TDS TUBING 2 SGLS (BELOW RT) 11.77 11.77
2.75 3.50 X~OVER 31 TDS BOX x 4} ACME AN
2.88 13.38 OTIS LUBRICATOR VALVE 2.24 14.01
X-0 4% ACME BOX x 3% TDS PIN
2.75 3.50 TDS TUBING, 5 STD + 1 PUP 10° 139.45 | 153.46
1.98 13.38 OTIS SUBSEA TEST TREE, ABOVE H 5.54 | 159.00
1.98 13.38 OTIS SUBSEA TEST TREE, BELOW HANG 0.35] 159.35
X-0 4} ACME-PIN x 3% TDS PIN
2.75 3.50 TDS TUBING SG STDS 1513.51 | 1672.89
2.625 5.50 X-0 3} TDS BOX x 3% IF PIN 0.40 | 1673.29
2.25 5.00 SLIP JOINT (OPEN) 5.54 | 1678.83
2.25 5.00 SLIP JOINT (CLOSED) 4.01| 1682.84
2.25 4.75 4 3/4 DC, 5 STDS 142.80 | 1825.64
2.25 4.75 X-0 3% IF BOX x 2 7/8 SUE PIN 0.24| 1825.88
2.44 4.87 RTTS CIRCULATING VALVE 0.91| 1826.79
2.75 4.75 X-0 2 7/8 EUE BOX x 3% IF PIN 0.25] 1827.04
2.25 4.75 4 3/4 DC, 1 STD 28.56 | 1855.60
2.25 5.00 SLIP JOINT (CLOSED) 4.01] 1859.61
2.25 5.00 SLIP JOINT (CLOSED) 4.01| 1863.63
2.25 4.75 4 3/4 DC, 1 STD 28.56 | 1892.18
2.25 5.00 APR-A REVERSE VALVE 0.91 1893.09
2.25 5.00 APR-N TESTER VALVE 3.89| 1896.98
2.37 4.62 BIG JOHN JARS 1.52| 1898.50
2.44 4.87 RTTS CIRC. VALVE 0.99| 1899.49
2.44 5.00 RTTS SAFTY JOINT 0.84| 1900.33
2.18 5.75 RTTS PACKER 0.82] 1900.85
2.44 2.87 PUP JOINT 0.80] 1901.65
2.44 2.87 2 1/8 PERFORATED TUBRING 3.44} 1905.09
X-0 2 7/8 EUE PIN x 2 7/8 EUE BOX
1.79 3.00 OTIS X-N NIPPEL 0.78| 1905.87
X-0 2 7/8 EUE BOX x 2 7/8 EUE PIN
- 2 JT 2 7/8 EUE TUBING 19.04| 1924.91

WELL PLUG
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34/10-5 DST NO.:

WELL NO.:

E;[j WIRELINE NIPPLE (1905.9 m RKB)

GAUGE TYPE AND NUMBER: _ Lynes, 1_044

29.12.79

1 DATE

DEPTH, PRESSURE ELEMENT: 1920 m

o, 2 T S R Sl o o S . e i S .l S B SR

e i i LD et o i e s 4t

WILL RUN OUT: time:1046

MODE: 2 min. _— pELAY: 7 hrs. —_—-
ACTUATED: time 0,148 date: 28.12.79 __
WILL RUN OUT: time___1030_ __ _______ date:_29.,12.79 e
GAUGE TYPE AND NUMBER: _ Lynes, 1206 . e e _—
DEPTH, PRESSURE ELEMENT: 1934 m o RANGE: 0~5000 psi.
MODE: 2 min. DELAY: _7 hrs. . ___
ACTUATED: time: 0204 _ date:__28.12.79

e e e e i e e e o . e L A S e S o 2o

29.12.79

date:

ACTUATED: time: 0152 . ____date:___28.12.79 L
WILL RUN QUT: time:Qz_:f)_Z _________________ date ______3_1_,__1_2_:_7_9__ e
D.s.T. HANGER {1915.6 m RKB)

GAUGE TYPE AND NU}BER:__.@ggg_dEL_BP_q__ 3, 81 6
DEPTH, PRESSURE ELEMENT: 1917.5 m __ RANGE: 8000 psi. ______
MODE: 72 hrs. clock _ DELAY: __ ¢ O
ACTUATED: time: 0210 ___date:  28.12.,79
WILL RUN OUT: time: 0210 date: _ 31.12.79
GAUGE TYPE AND NUMBER: g_nla_gg_c_i_a_,_ _RPG3, 31329
DEPTH, PRESSURE ELEMENT:__l 919.5m ~  RANGE: __ 6000 psi.
MODE : 72_ hrs_. clock DELAY s o
ACTUATED: time: 0210 date: _28.12.79
WILL RUN OUT: time:_ggUJl ____________ date=___§l;;ULL22 ______________________
GAUGE TYPE AND NUMBER:
DEPTH, PRESSURE ELEMENT: RANGE:
mopE: DELAY:
ACTUATED: time: date

e ot e e e et e e e . e e e e e e e e e e el LA ot B ) . e e



A1-19

DIARY OF WELL No. 34/10~5 DST No. 1
EVENTS ZONE TESTED: Brent PERFS. 1925 - 1927
DATE TIME OPERATIONS
Two isolation squeezes were made. CBL/VDL indicate
good bond down to 1929 m.
PERFORATION
27.12.79 2315 Rig up Schlumberger HJ 4" 4 spf perforating gun.

2400 RIH with perforating gun.

28.12.79 0045 Tie in CCL to same on original CBL/VDL. Gun fired
successfully.

0130 Out of hole w/perforating gun: All shots fired.
TESTSTRING/EQUIPMENT PREPARATION

0200 Start RIH w/test string. Installed two Amarada
ressure gauges in DST hanger, and three Lynes gauges
in Otis XN nipple.

1130 Found leak on control line on SSTT. Repaired the SSTT.
Encountered problems with the unlatching system
on SSTT. Dogs were set upside down. (See Otis
failure report.)

1530 Landed SSTT in wear bushing. Started to pressure
test the string. Repaired leak on Dowell unit and
repaired leak on OTIS choke manifold.

2150 Set RTTS packer.

2250 Opened APR-n valve. WHP 1655 psi. Could not hold

annuls pressure first. Found leak on rig manifold.
Clcsed APR-n.
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DAIRY OF WELL No. 34/10-5 DST No. 1
EVENTS ZONE TESTED: Brent PERFS. 1925 - 1927
DATE TIME OPERATIONS
1. FLOW PERIOD
29.12.79 0057 Opened APR-n valve. WHP 1660 psi.
0101 Opened well on 48/64" fixed choke.
0103 Changed to 20/64" fixed choke. Flow directed to
burner. WHP 1470 psi.
0123 Mud to surface.
0124 Ignite burner.
0128 WHP = 1820 psi.
0200 WHP = 2270 psi.
0238 Directed flow through separator, WHP = 2271 psi.
0410 Flow to surge tank.
0415 Meter check.
0445 Cought two PVT samples at separator.
0500 Meter check.
0607 Bleed off annuls pressure. WHP 2150 psi. WHP

increased to 2390 psi. APR-n valve was not closed.

Closed Halliburton choke manifold.



A1-21

DIARY OF WELL No. 34/10-5 DST No. 1
EVENTS ZONE TESTED: Brent PERFS: 1925 - 1927
DATE TIME OPERATIONS

BOTTOM HOLE SAMPLING

0625 Bleed off at Hallibhurton choke manifold to
WHP = 2250 psi. Closed Halliburton choke manifold.
Immidiate build up to WHP = 2365 psi.

0630 Close lubricator wvalve. Bleed off at surface.
Pressure tested lubricator wvalve.

0730 Pressure up above lubricator valve. WHP = 2300 psi.

0744 Opened well on 8/64" choke and flow to surge tank.
Choke manifold plugged. Shut in at choke manifold
and changed over to other side of choke manifold.

0757 Opened well on 8/64" choke and flow to surge tank
to measure rate.

0834 Shut in at choke manifold.

840 Close lubricator wvalve and bleed off above.

0855 Samplers set to close at 1125.

0925 Opened lubricator valve and RIH w/samplers.

0929 Opened well on 8/64" choke.

1020 Samplers at 6000 £t (1828.8 m)

1150 Start POOH w/samplers.

1155 Well shut in at Halliburton choke manifold.
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DIARY OF WELL No. 34/10-5 DST No. 1
EVENTS ZONE TESTED: Brent PERFS: 1925 - 1927
DATE TIME OPERATIONS
1215 Close lubricator valve. Bleed of above. Out of hole
w/samplers.
2. FLOW PERIOD
1225 Opened lubricator valve.
1247 Opened well on 24/64" fixed choke. Flow to separator.
WHP = 2195 psi. Bubble hose partly plﬁgged by solids
sand + cament and possibly some illminite. Cleaned
out by itself.
1305 Started BS & W sampling for solid detection. First
samples contained from 0.5% to traces to solids.
1400 WHP = 2209 psi.
1405 Change to 24/64" + 14/64" chokes in parallell.
WHP = 2130 psi.
1415 Directed flow to tank for meter check.
1517 Change to 24/64" choke.
1522 Change to 32/64" choke. WHP = 1993 psi.
1800 WHP = 2009 psi. Well constantly producing traces of
sand.
BUILD UP PERIOD
1801 Bleed off annulus pressure. APR-n valve closed. WHP
decreasing slowly.
1804 Close in at Halliburton choke manifold WHP = 1210 psi.
1810 WHP = 1449 psi. Possible small leak in APR-n valve.
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DIARY OF WELL No. 34/10-5 DST No. 1
EVENTS ZONE TESTED Brent Perfs. 1925 - 1927
DATE TIME OPERATIONS
1900 WHP = 1375 psi, slowly decreasing.
2000 WHP = 1360 psi, remaining fairly constant.
2120 Open APR~n valve, start bullheading.
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APPENDIX A2 PAGE
RFT data A2-2
RFT data plotted vs. depth A2-~3

RFT data from well 34/10~5 compared
with data from previous drilled wells A2~-4
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RFT DATA, 34/10-5
DEPTH (mMSL) PRESSURE (psig)
-1873 4510
~-1879.5 4518
-1887.5 4527
-1897.5 4537
-1903. 4541
~1912 4552
-1926 4568
-1934 4577
-1950 4596
-1959 4608
~1974 4631
-1993.5 4660
~-2015 4688
~2041 4728
-2075.5 4777
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FIG. 3.1.1 AZ-4
RFT OG DST DATA 34/10 DELTA

1900 |

1947 L _V¥w _ _ _ _

2000 L.

BRENT FM. 34/10-1,3,4,5
COOK FM. 34/10-3

2100 STATFJORD FM. 34/10-I

DST DATA
34/10-1 w Gradient: 0.105 bar/m

34/10-3 ©
34/10-4 Vv

5500l 347/10-5 O

305 315 325 335 345 BARG
! i

L I L
4400 4600 4800 5000 PSIG
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Reservoir temperature 34/10-Delta A3-2
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Surface sampling on separator A4-2

Bottom hole sampling A4-2
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SURFACE SAMPLING ON SEPARATOR
DST No 1. (1925 =~ 1927m RKB)

i
DATE/TIME SAMPLE No TYPE OF SAMPLE TRANSFER TIME BOTTLE No
29-12-79
05.00 1 OIL 30 min 20475/75
05.00 1 GAS 30 min A 7706
05.30 2 OIL 30 min 16251/39
05.30 2 GAS 30 min A 7092

BOTTOM HOLE SAMPLING
DST No 1 (1925 - 1927m RKB)

DATE/TIME SAMPLE No BOTTLE No DEPTH (m)
29-12-79

11.30 1 20475/67 1850
11.30 2 16251/35 1830
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APPENDIX A5 PAGE

CPI log for well 34/10-5 A5-2
Data used in the DST analysis A5-3
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Data used in the DST analysis

The cutoff criteria used to calculate porosity, water

saturation and net pay are:

Porosity, @ < 12%
Water saturation, Sw > 65%
Shale volume, VSH > 40%

From these outoff criteria the following are calculated:

h = 47 m {1896 - 1943 m RKB)
@ = 29%
Sw = 21.5%

These values are used in the DST analysis.



