Conductor design; Well Example

RISER/CONDUCTOR PROGRAMME - BASIS OF DESIGN

GOALS

1. Provide a structural foundetion for the BOP stack o that it can stand under its self-
weight when theriser is disconnected.

2. Support dl casing strings required in the well

3. Survive the bending loads imposed by therig in drift-off drive-off Stuations

RISER/CONDUCTOR ASSUMPTIONS

the conductor will be set by drilling and cementing
either 30" or 36” can be used

2m gtick-up isthe arting point for the design
Drillquip wellhead with Vetco H4 15m profile

RISER/CONDUCTOR DEVIATIONS
None noted

RISER/CONDUCTOR DESIGN
compliance with AP provisons

SCOPE OF WORK

Lo

Obtain well, metocean and soils data for input to the design.

Obtain Rig equipment and BOP data from drilling contractor and to design company.

Design company to provide cost estimate for the study, including scope for discussons
with drilling contractor and operator.
4. Desgn company to perform bending load caculations of the rig in drift-off drive-off

conditions for 30 and 36" conductor operations.

5. Operator to work with drilling contractor and marine specidist company e.g. Globa
Maritime to determine interaction between rig and conductor limitations upon dation
keeping criteria

wnN

Revision History

Veson Date Detall of Change

2.0 30-Mar-00 Reviewed by desgn company, for operator, drilling contractors
approval

1.0 14-Feb-00  Initid draft for review by desgn company.
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Appendix | - Soils Data

Based on data for the chosen well area and alocation report, a typical shallow
sediment lower bound soil profile would be developed: e.g;

Unit | =0.0to 5.0m

- very soft clay 5 kPa
Unit Il =5.0to 10m

- 5kPaat 5.0mincreasing linearly to 300 kPaa 10m (boulder clay)
Unit 11l = 10m to 70m

- 300 kPa (boulder clay)

The submerged unit weight for Unit | was assumed to be 9 kN/m3, and for Units Il and 11
12 kN/m3.

Extract from design company’s memorandum.

For the well location anchoring andlyses we assumed two soil profiles which would cover
the probable range in the soil conditions typicad for the area and the performance of other
anchoring operations in the surrounding blocks. We dso reviewed the avaladle daa
presented in the paper "Soils Investigations, offshore md Norway: A case study of
glacial influence on geotechnical properties’. The profiles adopted for the anchor
andyseswere:

Profile 1 - Lowerbound
Unit 1 =0.0to 0.5m - very soft clay 5 kPa
Unit I1 =0.5t0 50m - 5 kPaat 0.5m increasing linearly to 150 kPa at 50m

Profile 2 - Upperbound

Unit 1 =0.0to 2.0m - very soft clay 5 kPa

Unit I1 =2.0to 10m - 5 kPaat 2.0m increasing linearly to 500 kPa a 10m (boulder clay)
Unit Il = 10m to 40m - 500 kPa (boulder clay)

| have since reviewed the limited geotechnicd data available form the wel which was drilled.
This indicated that the soils were very soft to approximatdy 5m below mudline, with no
recorded bit load, thereafter the soils became very hard and the drilling was very dow over
the top 100m. This would point to Profile 2 being more representative of the soils
encountered, with the modification that the surface very soft clay layer should be extended
from 2.0m to 5.0m. The submerged unit weight for Unit | was 9 kN/m3, and for Unit Il 12
kN/m3. It should also be noted that the stronger boulder clays do contain boulders
probably up to 0.5m in diameter. Boulders have been noted in other wels drilled in the
area. If the strength data in profile 2 does not extend degp enough, then the strength of 500
kPa could be used to a depth of the order of 70m. It is possible that the strengths in Profile
2 are dill dightly upperbound, but they represent the best data we have avalable a the
moment.

Best Regards
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Geotechnicd Engineer

Appendix |l - M etocean Criteria

General

Example Well Location; Metocean Criteria
For Mooring Analysis

This note isissued to summarise the design metocean criteriafor the above mooring andyss
in the generd wdl location area.  As there are no Ste-gpecific information at present, the
criteria are based on regulatory authority derived criteria for the generd area for winds and
currents, whereas the waves are largely based on the regiond area criteria. The wind
criteria are alittle more severe than predicted for other areas.
100 year return period criteria should be used for analyses unless otherwise agreed with BP

Amoco.
Winds
Omnidirectional wind speed extremes (in m/s at 10 m above sealeved) are.
Return Period (Yr9) 1 hour 10 Min 1 Min
31.0 34.2 38.3
10 35.0 38.9 43.8
100 38.5 43.0 48.8
Directiond vauesfor 1 hour meansin m/sat 10m are.
Direction| 1Year 10Year | 100Year | Sector
from Probability
N 23.8 28.5 34.0 13.8%
NE 20.9 25.0 30.5 6.2%
E 20.3 25.0 30.5 13.0%
SE 25.0 30.0 35.0 8.0%
S 26.5 32.0 38.0 21.9%
SW 31.0 35.0 38.5 12.3%
W 26.0 31.0 36.5 17.7%
NW 26.7 31.7 36.5 7.1%

The rdevant monthly extremes are below, vaues from this table are recommended to be
used for the gppropriate months when the well will be drilled in 1999.

Return
Period

Jan

Feb

M ar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1

28.8

28.2

25.1

24.1

20.6

17.0

17.6

20.1

23.3

27.9

29.4

31.0

10

33.5

32.7

28.6

27.5

23.8

19.0

19.9

234

26.9

32.0

33.5

35.0

100

37.5

36.6

31.6

30.4

26.5

20.7

21.9

26.4

30.2

35.6

37.0

38.5
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Waves

The design wave data for al year and individud months are shown beow. We have
factored the monthly extremes to ensure that the “wors” month (January) is the same as the
al year vdue. Hs and Hmax vaues are in meters, the period parameters, Tz and Tp arein
seconds.

1VYear 10 Year 100 Y ear
Hs Tz Hmax Tp Hs Tz Hmax Tp Hs Tz Hmax Tp
Year 123 119 226 158 | 146 130 268 169 | 170 140 310 178
Jan 123 119 227 158146 130 268 169 | 170 140 309 178
Feb 114 115 211 154 | 140 127 258 166 | 166 138 303 17.7
Mar 99 107 185 145|117 116 216 155|134 124 246 163
Apr 90 102 168 140|111 113 206 152|134 124 246 163
May 57 81 108 115| 70 90 132 126 | 83 98 155 135
Jun 51 77 98 110 6.3 86 120 120\| 75 93 140 129
Jul 49 75 94 107 ] 61 84 116 119 | 72 91 136 128
Aug 54 79 102 112 | 6.6 87 124 122 | 78 95 146 132
Sep 80 96 150 133| 99 107 184 145|119 117 220 156
Oct 10.7 111 199 150 | 131 123 242 162 | 156 134 286 173
Nov 10.3 109 191 1471124 119 228 159 | 145 129 266 16.8
Dec 108 112 201 151 | 129 122 238 161|149 131 274 17.0

The directiona Hs values are shown baow. The directiona notation used is from which the

waves are coming.

Hs (m)
Direction| 1Year 10Year | 100 Year
from
N 10.2 12.6 14.8
NE 75 9.9 12.2
E 5.9 6.6 7.3
SE 6.6 7.5 8.2
S 8.4 10.9 13.1
S 12.3 14.3 16.0
W 12.1 14.6 17.0
NW 10.7 13.6 16.4

Spectra

The JONSWAP spectrum is expected to be an adequate spectra nodd within the

following range.

3.60HMO £ Tp < 6CHMO
For this range the peakedness parameter can be determined by:

g=exp[5.75 - 1.15 (Tp/CHMO)] when Tp £ 5CHMO
and
g=1 when Tp > 5CHMO
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For directiond Hmax requirements it is recommended to use a factor of 1.9*Hs (based on

regulaory rules).

Currents

Current speeds are in my/s. Omnidirectiond vaues for various depths are in the table below.
The exact depth at the location is not known, therefore assume that the “400m” data apply
to the elevation approx. 1m above the seabed.

Depths (m) 1Year 10 Year 100 Y ear

0 1.45 1.65 1.75
50 0.95 1.10 1.20
100 0.97 1.15 1.31
150 0.85 0.99 1.11
200 0.81 0.96 1.00
250 0.77 0.82 0.95
300 0.72 0.80 0.90
400 0.66 0.76 0.85

Detailed directional and seasond information is not immediately available for this location.
However, the available NDP Voring Plateal measurements indicate thet the highest current
peeds are dl generdly setting towards the north, generally adong the bathymetric contours.

Metocean Specialist

Production New Ventures
Field Access and Development
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Appendix |11 - Rig Parameters

Rig Name: 5™ Genration drillship.

Contractor:

Rig Manager:

Address:

Td:

Fax:

Emall:

Figure Alll-1 shows the conductor system and critica components.

Figure Alll-2 shows the riser configuration.
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Riser-System Equipment Data
Lower Flex-Joint
Rotationa Stiffness 5423 Nim/°

Slick Riser (75 Joint)
Length: 22.86 m
Outside Diameter: 0.5334 m
Wall Thickness: 0.01905 m
Maximum Hydrodynamic Diameter (incl. choke/kill lines, etc.): 1.240 m
Joint Weight in Air (incl. choke/kill lines, etc.): 147400 N
Joint Weight in Seawater (incl. choke/kill lines, etc.): 128200 N

Slick Riser (35" Joint)
Length: 10.67 m
Joint Weight in Air (incl. chokelkill lines, etc.): 81110 N
Joint Weight in Seaweter (incl. choke/kill lines, etc.): 70560 N

Slick Riser (15 Joint)
Length: 457 m
Joint Weight in Air (incl. chokelkill lines, etc.): 46730 N
Joint Weight in Seawater (incl. choke/kill lines, etc.): 40660 N

Buoyant Riser (75" Joint)
Length: 22.86 m
Outside Diameter: 0.5334 m
Wall Thickness: 0.01905 m
Foam Outside Diameter: 1.397 m
Joint Weight in Air (incl. choke/kill lines, etc.): 227900 N
Joint Weight in Seawater (incl. chokelkill lines, etc.): 2541 N
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Termination Spool
Length: 3.048 m
Outside Diameter: 1.524 m
Weight in Air: 169300 N
Weight in Seawater: 147300 N

Intermediate Flex-Joint
Length: 3.048 m
Outside Diameter: 1.194 m
Rotationd Stiffness: 18980 Nim/°
Weight in Air: 87880 N
Weight in Seawater: 76460 N

Ked Trandtion Joint
Length: 4572 m
Outside Diameter: 0.5842 m
Wall Thickness: 0.05080 m
Weight in Air: 29970 N
Weight in Seawater: 26080 N

Telescopic Joint (Lower Barrel)
Length: 20.39 m
Outside Diameter: 0.6604 m
Wall Thickness: 0.01905 m
Weight in Air: 170100 N
Weight in Seawater: 148000 N
Cable Connector (16" ) and Split Support Ring
Weight in Air: 227700 N
Upper Flex-Joint
Rotationd Stiffness: 12880 Nim/°
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LFJ Centre-of-Rotation

15500

Cameron Model 70
Mrat = 4679 kNm
Trm = 26531kN
(at 1000 psi)

7740

DrilQuip 15 ksi DX
Mt = 5694 kNm\
T rat = 25996 kN

(at working pressure)

DrilQuip SS15 Wellhead

Mt = 4203 kNm
L rat = 27580 kN
(Not Rigid Lock-Down)

Veson: 1.0

12192

30"x 1.5" X52

Mrat = 4000 m

T rat = 18600 kN

= 9252 kN
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Figure Alll-1: Conductor System Stack-Up
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ELEVATION
ABOVE SEABED {m)
433,93
RKR ~z °
UPPER FLEX—JOINT
4.99
'{ELESCOPIC JOI)NT
INNER BARREL
428.94 \\x J/
TELESCOPIC JOINT 20.39
415.00 (OUTER BARREL)
MSL AV SAAAAAAN A
408.55
Avd
KEEL 407.38 7
~
KEEL TRANSITION
457
0598 JOINT
Av4 [
402.46
s . INTERMEDIATE
FLEX—JOINT 3.09
400.93
Av4
ERMINATION SPOOL 3.05
397.88
Av4
bJ BUOYANT RISER 205.74
ron1a m (9 JOINTS)
hvd
L;J SLICK RISER
137.16
& JOINTS
54.98 9 ( !
hvd ——
PUP JOINT
. ) 15.24
3094 (1x35° + 1x157)
Av4 [
SLICK RISER
2e.86
(688 (1 JOINT)
Av4
15.50
dso |, ADAPTER, LFJ
' 6.84
10.04 | | LMRP
Av4
BOP 8.04
WELLHEAD/ 2.00
SEABED CONDUCTOR

Figure Alll-2: Riser System Space-Out
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Appendix |V - Well Data

Equipment
Conductor: ~6~ 40" joints 30" (or 36”) © 1.57, 2 m stick-up - cement 1.92 SG to seabed.

Surface Casing: 20" #133t0 685 m TVD RKB runin 1.05 SG mud - lead cement 1.56 SG
to seabed, tail cement 1.92 SG 150 m above shoe.

Intermediate Casing: 13 3/8” #7210 1535 m TVD RKB in 1.25 SG mud - cement 1.92 SG
to 700 m TVD RKB.

Whdlhead: DrilQuip 18 3/4” SS15 Rigid Lock-Down (Vetco H4 15m profile).
Wel Control
Max. differential pressurein BOP: 5100 ps

Max. differentid pressure in LMRP: 300 psi
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