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1. Introduction

1.1. Project Introduction

One-Dyas plans to develop a successfully drilled well in block NO5-A of the North Sea Dutch Continental Shelf.
More wells will be drilled at this location through the same jacket. It is planned to develop the wells by installing
a platform and a gas export pipeline with a connection to the NGT pipeline @KP142.1. The approximate length
of the pipeline is 14.7 km.

In addition, a power cable will be installed from the Riffgat Windpark to the NO5-A platform.

Figure 1, NO5A Field layout

1.2. Purpose and Scope Document

The Basic Design Report documents the results of the calculations for the flowline, including:
- Wall Thickness analysis

- On-Bottom Stability analysis

- Buckling & Collapse analysis

- Static & Dynamic Free Span analysis

- Bottom roughness analysis

- Upheaval buckling analysis

1.3. System of Units

All dimensions and calculations shall be documented using the International System of Units (SI) unless noted
otherwise.
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1.4. Abbreviations

BoD = Basis of Design

FEA = Finite Element Analysis

LAT = Lowest Astronomical Tide

MTO = Material Take Off

TB = Target Box

TOP = Top of Pipe

VIV = Vortex Induced Vibrations

WD = Water Depth

1.5. References

1.5.1. Regulations, Codes, Standards and Guidelines

[1] NEN3656:2015 “Eisen voor stalen buisleidingsystemen op zee” December 2015

[2] DNV-0S-F101. “Submarine Pipeline Systems.” October 2010.

[3] DNV-RP-F105. “Free Spanning Pipelines.” June 2017.

[4] DNV RP-F107. “Risk Assessment of Pipeline Protection.” May 2017.

[5] DNV-RP-F109. “On-Bottom Stability Design of Submarine Pipelines.” May 2017

[6] DNV-RP-F110. “Global Buckling of Submarine Pipelines” April 2018.

[7] DNV-RP-C203. “Fatigue Design of Offshore Steel Structures.” April 2016.

[8] DNV-RP-C204. “Design against accidental loads.” November 2014.

[9] 21. American Lifelines Alliance. “Guidelines for the Design of Buried Steel Pipe.
ASCE July 2001.

[10] ASME Boiler and Pressure Vessel Code. Section VIII Rules for Construction of Pressure vessels. Divi-

sion 1. July 2013.
[11] Design of Submarine Pipelines Against Upheaval Buckling OTC 6335 by A.C. Palmer e.a. May 1990
[12] DNVGL-RP-F114 — “Pipe-soil interaction for submarine pipelines”, May 2017

1.5.2. Company Engineering Standards and Specifications

1.5.3. Project Reference Documents

[i] NO5A-7-10-0-70028-01-02 — “Basis of Design Flowline”

[ii] NO5A-7-10-0-70031-01-01 — “Route Selection Report”

[iii] NO5A-7-51-0-72510-01-04 — “Overall field layout drawing”
[iv] NO5A-7-50-0-72019-01-02 — Approach drawing @NO5A
[v] NO5A-7-10-0-70032-01-02 — “Approach drawing @NGT



[vi]
[vii]
[viii]
(ix]
(]
xi]
[xii]
[xiii]
[xiv]

(xv]

1.6.
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NO5A-7-10-0-70027-01-03 — “Flow Assurance Design Report”
NO5A-7-10-0-70036-01-01 — “Flow Assurance Design report - Transient Analysis”
NO5A-7-10-0-70035-01-01 — “On Bottom Stability Analysis Design Report”

Metocean Criteria for the NO5A Platform —181892_1_R2

Metocean criteria for the NO5A Platform Side Tap —191146_1_R2

N5A VC-C-7 S-3 0300m CID

N5A VC-P-3 S-2 0405m CID

N5A VC-P-8 S-4 0240m CID

No5A-7-10-0-70030-01-02 Risk assessment dropped object analysis
19018-10-PRE-01001-02-02 NO5-A Progress meeting + Minutes of meeting, 2019-11-07

Holds
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2. Summary

This document reports on the basic design stage of the flowline from the NO5-A platform to the tie-in with the
NGT pipeline. This includes:

- Wall Thickness analysis

- On-Bottom Stability analysis

- Buckling & Collapse analysis

- Static & Dynamic Free Span analysis
- Bottom roughness analysis

- Upheaval buckling analysis

The wall thickness analysis showed that a wall thickness of approximately 15mm would be required. It was cho-
sen to select a wall thickness of 20.62 mm. The extra steel weight will assist the stability of the pipeline, which
is further documented in a separate report (ref. [viii]).

The maximum allowable spans following from buckling & collapse and static and dynamic span analyses are de-
termined for three depths: 8, 17, and 26 m (LAT), which corresponds to the water depths at the end, approxi-
mate middle, and start of the pipeline, respectively.

Criterion

B&C — bending and external pres-

sure — Maximum span

Static free span

Dynamic free span: in-line VIV

Dynamic free span: cross-flow VIV

8m
62.6m (install/hydrotest)
76.7m (operation)

66.3m (install/hydrotest)
91.3m (operation)

21.9m (install/hydrotest)
20.9m (operation)

36.0m (install/hydrotest)
35.3m (operation)

17m
59.2m (install/hydrotest)
53.3m (operation)

63.1m (install/hydrotest)
61.4m (operation)

22.9m (install/hydrotest)
21.6m (operation)

33..0m (install/hydrotest)
30.8m (operation)

26 m
56.0m (install/hydrotest)
43.8m (operation)

60.1m (install/hydrotest)
52.1m (operation)

25.2m (install/hydrotest)
23.7m (operation)

37.2m (install/hydrotest)
30.7m (operation)

The bottom roughness analysis showed that the as-surveyed seabed will result in 1 span that is of unacceptable
length during the installation phase. This span (27m) is present at KP0.4 at 26 m of water depth (section 9.3).
The span criterion is based on in-line VIV, which could be mitigated if the pipeline dynamic response is investi-
gated in the detail design phase.

Finally, an analytical upheaval buckling analysis was performed to determine a relation between the sand cover,
imperfection heights and vulnerability to buckling under operational conditions (section 8.1).
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3. Design Parameters

This chapter describes the design data to be considered for the pipeline (incl. spool pieces near the riser and
the hot tap) from the new NO5A-Platform to the NGT pipeline.
3.1. Pipe Data

The basic line pipe design and spool piece data to be considered in the analysis for the export gas line are pre-
sented in Table 3-1. Steel material properties considered in the design are presented in Table 3-2.

Property

Product transported

Natural gas (dry)

Design life (years) 25
Approx. length (km) 14.7
Material grade L360 NB
Manufacturing process HFIW
Pipe outside diameter (“) 20"
Pipe outside diameter (mm) 508
Pipe internal diameter 466.76
Wall thickness (mm) 20.62 (Sch60)
Wall thickness tolerance (%) 7.3
Wall thickness tolerance (mm) +/- 1.5mm
Internal corrosion allowance (mm) 3
Anti-corrosion coating 3LPP
Anti-corrosion coating thickness (mm) 3
Anti-corrosion coating density (kg/m3) 930
(Concrete) weight coating thickness (mm) N.A
concrete weight coating density (kg/m?3) 3300
Minimum hot bend radius (mm) 2540 (5D)
Table 3-1 Pipeline data

Property

Material L360NB
Density (kg/m3) 7850 kg/m3
Specified Minimum Yield Strength at 20°C (MPa) 360
Specified Minimum Yield Strength at 50°C (MPa) 360
Specified Minimum Tensile Strength (MPa) 460
Young’s modulus (Pa) 2.07 x 10%
Poisson ratio (-) 0.3
Thermal expansion coefficient (m/m-°C) 1.17 x10°

Table 3-2 Material properties
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3.2. Process Conditions

Table 3-3 presents the pipeline and spool design process parameters considered in the analysis.

Property

Export gas line
Design pressure 111.1 bar(g)
Operating pressures 95 bar(g)
Design temperature (min / max) -20°C/50°C
Operating temperature (min / max) 1/43°C
Ambient (air / surface) temperature -6.8°C/+24.2 °C
Content density (arrival, nominal operation) 88.7/96.1 kg/m3
Design flowrate (min/max) 0.14 /6.0 MMNm3/d

Table 3-3 Process design parameters

Figure 3-1 shows the operational thermal profile along the pipeline, ref. [vii] .

Temperature Profile for 20" Pipe Buried 90 barg
— om0 MMNmI d AL Summer —— Case -0 GWMIMNmMI/d a1 Summer
40
——
o o—
e ——
e
e
F 0
# 1
10
1] 2000 4000 GO0 BOJ0 10000 13000 14000 16000
NDS—A FL Length {m}) NGT TiE"in
Figure 3-1 Operational thermal profile, nominal operation in summer
3.3. Coating Material Properties

Typical material properties of the coating are given in Table 3-4.

Property

Value
Anti-corrosion material type 3LPP
Anti-corrosion coating density 930 kg/m3
Anti-corrosion coating thermal conductivity 0.22 W/m°C
Anti-corrosion coating specific heat capacity 2000 J/kg°C

Table 3-4 Steel pipe coating material properties
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3.4. Flange Properties

Table 3-5 presents the flange classes and main characteristics. The flange loads will be checked by using the
ASME BPVC [10] flange integrity check. Note that table 3-5 is applicable to all flanges on the flowline and spool
pieces.

Property Export gas line
Flange rating ANSI/ASME Class 1500
Flange type RTJ Swivel / Weld Neck
Weld end thickness 20.62mm

Table 3-5 Flange properties

3.5. Environmental Data

For the design of the pipeline, environmental data has been taken from Ref. [ix] and [x]. Where Ref [ix] contains
the metocean data for the platform (water depth 26 m); Ref [x] contains the Metocean data for the NGT tie-in
(water depth 8 m) target box. Tables 3-6 to 3-11 present the relevant metocean data for the 1 and 100 year de-
sign conditions for the applicable locations.

The shallow water depths encountered along the pipeline route pose problems in determining the hydrody-
namics loads encountered by the pipeline. Enersea has developed a calculation method based on Stokes 5t or-
der wave theory, however in shallow waters this method is not applicable. The metocean reports [ix, x] provide
a wave orbital velocity at 1 m above the sea bed, denoted as Uim. For the water depth of 26 m, the Stokes theo-
rem is at the limit of applicability and produces wave velocity approximately 10% higher than provided in the
metocean report for this depth. To remain conservative, the higher velocity has been used for the location of 26
m water depth.

In order to establish environmental conditions at an intermediate pipeline location with a water depth of 17m,
current and wave particle velocities have been averaged. This approach has been agreed with One-Dyas [xv].

Property 1-year return period 100-year return period
Positive surge (m) @26m 1.58 3.04
Negative surge (m) -1.02 -1.79
LAT with respect to MSL (m) -1.41
HAT with respect to MSL (m) 1.31

Table 3-6 Near platform extreme water level data [ref. I1]

Return Pericd Extreme Cs [mi/s] Direction [towards]
OMHI
Depth Level ] MNE E SE 5 SW W MW
1-year
Mear-surface 0.36 094 098 0.70 0.42 1 098 0.59 0.98
Mid-Depth 0.40 0.89 0.90 0.53 0.27 0.62 0.90 0.51 0.50
Mear-bed 0.38 0.74 0.74 042 0.25 0.36 0.74 0.43 0.74
100-years
Mear-surface 0.48 1.21 1.27 0.91 0.55 1.00 1.27 0.76 127
Mid-Depth 0.51 1.15 1.16 0.68 0.35 0.79 1.16 0.66 1.16
Mear-bed 0.49 0.95 096 0.55 0.32 0.72 096 0.55 0.96

Table 3-7- Near platform design current data [ref. 1]



Basic Design Report ®
EI ﬂ g E NO5A-7-10-0-70029-01, Rev. 02, 13-03-2020 a enersea

Return Period Hs Tz Tp Cmax Hrmiax THmax Uim
Direction [from] [m] [=8] =] [m] [m] [=]1 [mi=]
1-year
Morth 53 9.2 1.7 55 93 9.5 1.67
Morth-east 3.8 6.5 8.3 43 6.7 8.5 1.04
East 26 5.2 6.6 3.0 47 7.5 0.55
South-east 2.1 4.6 5.2 23 36 6.9 0.34
South 24 47 52 28 43 73 0.48
South-west 32 56 6.2 38 5.6 8.0 0.78
West 47 8.0 10.5 53 83 91 143
Morth-west 6.5 9.9 12.4 7.3 11.4 10.1 219
100-years
Morth 81 115 143 91 13.8 10.8 273
Morth-east 59 8.1 104 6.5 10.0 97 1.84
East 4.0 5.9 8.2 45 69 8.6 1.07
South-east 3.1 49 6.0 35 a4 7a 0.71
South 37 5.0 6.0 42 6.4 8.4 0.95
South-west 49 6.4 73 55 83 91 143
West 72 9.8 129 81 12.3 10.4 240
Morth-west 99 12.3 149 11.1 16.9 115 3.20

Table 3-8 Near platform design wave data [ref. ]

Property 1-year return period 100-year return period
Positive surge (m) @8m 1.48 2.72
Negative surge (m) -0.90 -1.26
LAT with respect to MSL (m) -1.89
HAT with respect to MSL (m) 1.61

Table 3-9 Near tie-in extreme water level data [ref. Ill]

Return Period Extreme Cs [mi/s] Direction ftowards] )
Depth Level H MNE E SE 5 SW w HW Omni
1-year
Surface 0.31 0.52 1.04 0.51 0.27 0.50 1.04 059 1.04
Mid-depth 0.30 0.50 1.01 0.44 0.25 0.43 1.00 0.55 1.01
Mear-bed 0.26 045 0.89 0.23 0.10 0.19 0.61 039 0.89
100-years
Surface 0.37 063 1.25 0.62 0.32 0.60 1.25 0.7 1.25
Mid-depth 0.36 0.60 1.21 0.53 0.31 0.52 1.20 0.66 1.21
Mear-bed 0.33 0.57 1.12 0.29 0.13 0.23 0.77 049 1.12

Table 3-10 Near tie-in design current data [ref. 1]
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Return Period Hs Tz Tp Cmax Hrmiax THmax Uim
Direction [from] [m] [=8] =] [m] [m] [=]1 [mi=]
1-year
Morth 36 6.2 10.3 33 48 75 1.2
Morth-east 22 449 7.7 2.0 29 6.5 0.6
East 16 39 5.0 15 22 5.9 04
South-east 15 36 T 1.4 20 5.5 0.3
South 14 35 39 13 19 57 0.3
South-west 20 4.1 45 1.9 27 6.3 0.5
West 30 57 10.2 28 41 72 049
Morth-west 39 6.4 121 36 5.2 7.7 13
100-years
Morth 39 6.4 106 42 57 79 15
Morth-east 24 51 79 28 a5 6.8 0.8
East 17 4.1 52 1.9 26 62 0.5
South-east 16 AT 38 1.8 24 6.1 0.4
South 16 AT 41 1.7 23 6.0 04
South-west 22 4.3 46 24 32 6.7 0.7
West 33 6.0 10.7 36 49 75 1.2
Morth-west 42 6.6 126 45 62 81 1.8

Table 3-11 Near tie-in design wave data [ref. lll]

3.6. Marine Growth
The following marine growth has been assumed, in accordance with NEN 3656 [1]
From To Thickness Density
+2m LAT Seabed 50mm 1300 kg/m3

Table 3-12 Assumed marine growth properties

3.7. Geotechnical Data

Three lab result reports , Refs [xi] through [xiii], present properties of soil samples taken. These classify the soil
as fine to medium sand. The soil properties are listed in Table 3-13, data has been taken from the lab reports
and recommended values as per NEN3656 table H.1 ref[1] based on the soil description as presented in. A SBP
data example of the north end of the proposed route is presented in figure 3-14.

Soil type Applicable area lsl::’tn\;:;g:l?t aneleit int(eo)r pallfgeken
(kN/m?)
Medium sand (measured) 10.2-10.5 32.5-34.9
Medium sand Pipe on surface 10 32,5
Trench backfill 8.5 28
Rock dump Crossing / Tie-in 10 40

Table 3-13 Assumed soil geotechnical properties
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Figure 3-2 Soil profile from KP 0.0 to KP 6.0
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4. Pipeline Route Data

This chapter deals with the pipeline route data describing the starting and end point of the pipeline, the used
coordinate system, pipeline route coordinates and key facilities as well as the route bathymetry and contacts
detected along the pipeline route. Based on this info the most optimal pipeline routing has been selected (ref.

[ii].

4.1. General

The new pipeline to be installed originates at the new NO5-A Platform and terminates at the NGT platform via a
dedicated tie-in connection. The pipeline length is approx. 14.7 km.

An installation of the pipeline on top of the seabed has been indicated as an opportunity. The final cover height,
or required concrete coating thickness will be determined based on the results of a risk assessment study [xiv],
the on-bottom stability analysis [viii] and the upheaval buckling analysis.

Two pipeline/cable crossings are foreseen along the route. An overview of the field lay out is given in Figure 4-1.
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Figure 4-1 Overview NO5A platform to the tie-in location
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4.2, Coordinate System

The parameters of the geodetic system to be used for horizontal positions are listed in Table 4-1.

Item Value
Datum European Datum 1950 (ED50)
Projection ED50 / UTM zone 31 N
Ellipsoid name International 1924
Semi major axis 6378388 m
Inverse flattening 297.000
Central Meridian 03°00”00’ E
Latitude of Origin 00°00”00" N
False Northing 0mN
False Easting 500 000 mE
Scale Factor 0.9996

Table 4-1: Geodetic parameters

The vertical position is given relative to the Lowest Astronomical Tide (LAT).

4.3. Key Facility Coordinates

The following platform and tie in locations have been derived from Ref. [ii] and are presented in Table 4-2.

Item Northing (m) Easting (m)
NO5A Platform target box 5954 608 721622
NGT target box 5940 549 718 738
NGT hot tap location KP142.1 5940532 718 766
Water depth at NO5A Platform 26 m LAT
Water depth at NGT hot tap 9.8 m LAT

Table 4-2 Key Facility coordinates
4.4, Bathymetry

Figure 4-3 shows the bathymetry along the surveyed flowline route. The water depths recorded during survey

along the proposed NO5-A platform and the NGT pipeline hottap location ranges between 9.8 m LAT and 26.4 m
LAT.

KP0O.000 KP14.670
0Om

1 0 |
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Figure 4-3 Seabed profile along pipeline route from P11-Unity Platform to Wye
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4.5, Side Scan Sonar Contacts & Magnetometer Anomalies

Ref. [5] describes the seafloor sediments across the NO5-A to the proposed NGT hottap location survey area to
consist of a top layer of fine to coarse sand, with occasional areas of coarse sand and clay with gravel and shell
fragments. Photographs taken along the proposed route show the presence of small ripples covering the major-
ity of the seabed within the survey corridor area.

Numerous boulders and items of debris are observed in the survey area. Most of the boulders occur in the
north of the survey area and coincide with areas of clay exposure.

4.5.1. Magnetometer Anomalies

A total of 241 magnetic anomalies (appendix A) were picked within the surveyed N05-A platform to the 36”
NGT Tie-in and NO5-A platform to Riffgat Tie-in route corridor. Most of these anomalies can be attributed to un-
known identified seabed features the following seabed infrastructures are known, one (1) pipeline and four (4)
cables. However, one (1) unknown linear feature.

The following existing pipelines and cable are detected:

e 36" Pipeline from L10-AR to Uithuizen
e Tycom Telecom cable

e  Buitengaats Power cable

e  Zeeenergie Power cable

e Norned Power cable

4.5.2. Side Scan Sonar Contacts

Eight-Hundred-Thirty (830) side scan sonar contacts were observed within the route survey. Most of the con-
tacts are boulders located around the NO5-A platform and stretching to the east side to Riffgat, besides the
bolders the following contacts are found, twenty-six (26) debris items, two (2) wrecks.

4.6. Pipeline and Cable Crossings

The following crossings along the pipeline route are envisaged:

Infrastructure Name KP Northing (m) Easting (m)
Buitengaats Electric cable 6.412 719 346 5948 729
ZeeEnergie Electric cable 6.487 719 327 5948 655
Tycom Telecom Cable Hunmanby GAP - Eemsha- 8.180 718 915 5947014
ven

*) The NO5A Pipeline will be connected to the NGT Pipeline with a Hot tap. This hot tap is not part of the scope
of the design report.
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4.7. Approach

Near the platform a T-piece will be installed including 2 ball valves for the purpose of a future pipeline connec-
tion. At the NGT tie-in location 2 ball valves and a check valve will be placed for tie-in purposes. Figures 4-4 and
4-5 present an overview of respectively the platform and the tie-in location.

",

" T o =
—

=]
n]

KF 3,000
TNA22E
54 B0E N

Figure 4-4 approach layout near the platform
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Figure 4-5 approach layout near the tie-in
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5. Stress Criteria & Load Factors

5.1. Stress Criteria

Stresses in the flowline will be assessed according NEN 3656 (Ref. [1])
The analysis will account for the load history of the pipe over the design life by considering the following three
load cases:

e |Installation

e Hydrotest

e  Operational

Considering the design cases listed above the following design loads will be considered when performing the
stress analysis, see Table 5-1. The hydrodynamic loads for pipeline stability and maximum span are included via
analytical calculations, see chapters 6 and 7.

Load Installation Hydrotest Operation
Pressure N/A Hydrotest Pressure Operational Pressure
Temperature Seawater Temperature Seawater Temperature Operational Temperature
Internal Fluid Seawater Seawater Product Filled
Wall Thickness Nominal Nominal Nominal / Fully corroded

1-year wave + 1-year wave + 100/10-year wave +

Hydrodynamic Loads 1-year current 1-year current 10/100-year current

Table 5-1 Design loads

Calculated equivalent stresses for the various design conditions will be checked against the allowable stress val-
ues, as per NEN3656 (Ref. [1]), see Table 5-2.

Case Load Combination Limit Stress Allowable Equivalent Stress
As Per NEN3656 Table 3. (L360NB)
Installation LC1 Re(o)/ Ym 327 MPa
Hydrotest LC4 0.85 (Re + Re(g))/ Ym 556 MPa

Operation

(Nominal / Corroded) Lca 0.85 (Re + Re(o))/ Ym 556 MPa

Table 5-2 Applied stress limits

Where:

Re = specified minimum yield strength at 202C (N/mm?).

Ree = theyield strength of the material at design temperature.
Ym = material factor (for steel 1.1).
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5.2.

Load Factors

All design loads applied will be factored as per the requirements of NEN 3656 (Ref. [1]), see Table 5-3.

Loads Load factors for load combinations (a)

Load combinations LC1 Lc2 LC3 Lc4 LC5 LC6 LC7a LC7b LC8
Internal pressure (design pressure) - 1.25 - - - - 1.0 1.0
Internal pressure (In combination) - - - 1.15 1.15 - - 1.0 1.15

Internal pressure (max. Incidental pressure) - 1.10 - - - - - 1.1
Temperature differences (c g) 1.0 - - 1.10 1.10 - 1.0 1.0 -
Soil parameters (d) - - (d) (d) (d) - - Low -
Forced deformation (e) - - 1.1 1.1 1.1 1.1 - -
Own weight 11 - 11 11 11 11 1.0 1.0
(Possible) coating (h) 1.2 - 1.2 1.2 1.2 1.2 1.0 1.2 1.0
Pipe contents (h) 1.1 - 11 11 11 1.1 1.0 11 1.0
Installation loads (f) 1.1 - 1.10 - - 1.1 - -
Hydrostatic pressure 11 - 11 11 11 11 1.0 1.1
Marine growth (h) - - 1.2 1.2 1.1 - 1.0 1.0 1.0
Hydrodynamic forces 11 - 1.2 1.2 1.1 11 1.0 1.2 1.0

(a)

(b)

(d)
(e)
(f)
(8)
(h)

If a load has a favorable influence on the considered case this will not be considered if the load is variable and for a permanent load a
multiplication factor of 0.9 is applied.

The maximum incidental pressure does not need to be checked separately however must be ascertained by the pressure control sys-
tem.

During calculations of stress variations caused by temperature differences the highest and lowest occurring operation temperature
should be considered. The displacements loads and moments exerting on connected equipment and/or structures are to be considered
based on the design temperatures i.e. the temperature difference between the installation temperature and the maximum operational
temperature.

Reference is made to ref. [1] — K.4 to determine load spreading factors

Forced deformations can be caused by: settling differences trench roughness execution sacking differences deformations due to pre-
vented thermal expansion distortions in horizontal drilling and bottom-tow installation.

Examples of installation loads are those applied during pipelay tie-ins trenching landfalls and HDD etc.

Combined with measurements.
In the stability check (BC 7b) the most unfavorable combination must be chosen. If necessary divide by the relevant factor.

Table 5-3 Load factors

A description of the load combinations is shown below;

Only internal pressure, operating pressure, incidental pressure

External load with internal pressure and temperature difference
Variable load (primarily static load, e.g., temperature changes and pressure)

External pressure, external load and internal pressure zero

LC 1: Installation

LC 2:

LC3: External load with zero internal pressure

LC 4:

LC5:

LC6:

LC 7a: Incidental load (other than internal pressure)
LC 7b: Incidental load (meteorological)

LC 8: Dynamic loading
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5.3. Hydrodynamic Loads

Hydrodynamic loads arise from the relative motions between pipe and seawater. They consist of drag, lift and
inertia forces.

The drag force Fp is given by:

1
Fob =Cp 'ODtol'E'p'V N‘

Where:
Co = drag force coefficient (-)
ODtot = total diameter of coated pipe (m)
p = mass density of surrounding fluid (kg/m?3)
\Y = velocity of the fluid normal to the pipe axis (m/s)

The lift force Fiis calculated by the following equation:
1 2
F =C_ -ODy 'E'P'V
Where:

C = lift force coefficient (-)

The inertia force Fi is determined by the following equation:
F=p-C '%'ODtotz -a
Where:

C

inertia force coefficient (-)

Q
1]

Fluid particle acceleration (m/s?)

The recommended values of hydrodynamic coefficients for the on-bottom stability design as a function of the
embedment of the pipeline are listed in Table 5-4.

Pipe embedment

Coefficient
0% 10% 20%
Drag 0.70 0.63 0.53
Lift 0.90 0.90 0.81
Inertia 3.29 2.80 2.30

Table 5-4 Overview hydrodynamic coefficients

Typically, the peak hydrodynamic load is experienced just after the peak wave particle velocity, due to the addi-
tional inertia contribution. As stated in Section 3.5, wave models are not used in the shallow water depths, but
only the peak velocity from the metocean report. No information on the particle acceleration is provided, how-
ever. The contribution of the inertia term is typically <10% of the drag term at peak velocity. To be conservative,
a 20% margin is added to the drag term.
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6. Wall Thickness Analysis

Several phenomena are to be investigated prior to finalising the selected wall thickness. Elements to be taken
into account:

- pressure containment;

- on-bottom stability;

- implosion;

- progressive plastic collapse;
- local buckling;

- bar buckling;

6.1. Pressure Containment

6.1.1. Design Condition

NEN 3656, states that for every load combination the design resistance (Rd4) must be greater than or equal to
the loading effect (Sq) or:

Rd >S4
Rq is defined as:
Rd =Re©)/ 7m

Where:

Re(o) yield strength of the material at design temperature (N/mm?)

Ym material factor (1.1 for steel)

For load combination LC2 (internal pressure only), the equation for hoop stress can be expressed as:

7o-Py (0D ~tyy)

o 2-toip
Where:
Sh = hoop stress (N/mm?)
Yo = load factor as per Table 5-3 (-) =>1.25
Pd = design pressure (N/mm?)
oD = outside diameter of steel pipe (mm)
tmin = minimum wall thickness (mm)

The selected wall thickness (tnom) is then determined by:

— tin +CA
nom 1_ ft0|
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Where:

CA
ftol

applicable corrosion Allowance (mm)

fabrication tolerance (%)

Further to this, NEN 3656 specifies additional requirements for bends with a bending radius R, < 10 OD, to adjust
the hoop stress of straight pipe (torus effect).

S, (bi =M.S (for inside bend)
)= —op
b

S. (bo =M.5 (for outside bend)
n(00) 2R,+OD "

6.1.2. Hydrostatic Testing
The hydrostatic testing of pipeline / riser systems has two objectives:

- verify the strength of the system
- verify that there are no leaks from the system

The test pressure, Py, will be determined as per as per Section 10.18.3 of NEN 3656 (Ref. [1]).

Proun =Cp Py g *
Where:
(0 = pressure test coefficient (-) => 1.30 for gas lines; 1.25 for others
P4 = design operating pressure (N/mm?)
Re = minimum yield stress at 20 °C (N/mm?)
Rev = minimum yield stress at design temperature (N/mm?)

The maximum hydrostatic test pressure is based on the weakest part of the pipeline/riser system to be tested.

The pressure shall not exceed either Pymaxor Pr i, the mill test pressure. Respectively, these are defined as:
— 2'Re'tmin

P ——__€e mn_
TR (OD ~t )

Pr min =0-9'—2. Re thom
Where: oD

to= tyin + CA
nom 1_ fto|
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Where:

thom
tmin
CA
ftol

6.1.3. Results
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= nominal wall thickness (mm)

= minimum wall thickness (mm)

= applicable corrosion Allowance (mm)

= fabrication tolerance (%)

An overview of the results of the wall thickness calculations is given in Table 6-1.
Property
Inside 500 m Outside 500 m

Minimum WT (mm) 11.50 10.55
Minimum WT inside bend (mm) 12.13 11.14
Minimum WT outside bend (mm) 10.97 10.07
Nominal (with corrosion allowance) mini- 14.50 13.55
mum WT (mm)
Nominal WT inside bend (mm) 15.13 14.14
Nominal WT outside bend (mm) 13.97 13.07
Hoop stress (MPa) 232 212
Hoop stress inside bend (MPa) 244 224
Hoop stress outside bend (MPa) 221 203
Allowable stress at design temperature 327 327
(MPa)
Minimum hydrotest pressure (barg) 144 144
Maximum hydrotest pressure (barg) 281 281
Mill test pressure (barg) 263 263

Table 6-1 Overview wall thickness analysis results

Reference is made to Appendix A for the detailed calculations.
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6.2. On-Bottom Stability

The aim of the stability analysis is to verify that the submerged weight of the pipeline ensures lateral stability
against environmental loading.

Reference is made to report “NO5A-7-10-0-70035-01 NO5A On Bottom Stability Analysis Design Report” (ref.
[viii]) for detailed OBS analyses.

From this report it can be seen that in order to provide absolute stability during the pipeline lifetime, in which
the 100-year storm conditions are applied (non-buried pipeline), an excessively thick concrete weight coating
would be required (>> 500 mm). Relaxation of the displacement criterium to allow up to 10D displacement
would require a minimal concrete weight coating of over 130 mm. As the determined pipeline displacements
are for a single storm only, it cannot be guaranteed that the pipeline will settle in a final position. Hence the
pipeline can displace even further during a next storm, potentially causing (too) high stresses/strain.

This, in combination with shallow water depths and installation limitations, results in the recommendation to
bury the pipeline.

A buried pipeline is exposed to 1-year return period conditions, but still absolute stability cannot be guaran-
teed. However viable designs are possible when 0.5D - 10D displacements are allowed. As the timespan be-
tween the flooded lay of the pipe and trenching thereof will be minimum, it is deemed acceptable that for a
buried pipeline, no additional weight coating is applied.

6.3. Implosion

6.3.1. External Overpressure

The collapse pressure pc causing implosion (radial instability) can be determined using:

D
(Pc_Pe)'(Pcz_sz):Pc'Pe'Pp'2'5O'Tg

Where:

D¢ = nominal diameter of pipe (mm)

Pc = critical external pressure for collapse (N/mm?2)

Pe = critical external pressure for elastic deformation (N/mm?)

Po = critical external pressure for plastic deformation (N/mm?)

PL = actual external pressure (N/mm?)

do = initial deformation (mm)

t = nominal wall thickness (mm)

1
Dy = 5 {0Dnom = (ODnom = 2 tmin)}
The critical external pressure for plastic deformation is calculated from:
P, = 2I;)Re -t
nom
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The critical external pressure for elastic deformation is calculated from:
2-E t

P, = - (
1-v Dnom

)3
Where:
v = Poisson's ratio for elastic deformation (-) => 0.3

As a part of this the initial deformation is derived from:

Dmax —D

_ “max min
®" D, +Dpip
Where:
Drmax = largest diameter of the ovalized pipe cross section
Dmin = smallest diameter of the ovalized pipe cross section

The maximum allowable external pressure is defined as:

Vap PLS rwm P
Vm,p
Where:
Yep = load factor (-) => 1.05
™ = model factor (-) => 0.93
Ym.p = material factor (-) => 1.45

6.3.2. Bending Moment

In case of a bending moment on the pipe, the moment which will cause buckling is calculated from the plastic
moment of the pipe section.

2
Mc =Dnom 't'Re

The maximum allowable bending moment is defined as:

Yam ‘ML < rm M
7mM
Where:
YeM = load factor (-) => 1.1
™ = model factor (-) => 1.0
Ymm = material factor (-) => 1.3
ML = allowable bending moment for buckling (Nm)
Me = critical bending moment for buckling (Nm)
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6.3.3. Combined External Pressure and Bending Moment

When external pressure exists in combination with a bending moment besides the checks above the condition
for combined stresses as shown below shall be fulfilled.

n
7g,p'PL +[7g,m'MLJ <y

Pc/7m,p Mc/7m,M
Where:
n=1+300—"
nom
Where:
Yep = load factor for pressure (-) => 1.05
Yem = load factor for bending (-) => 1.55
™ = model factor (-) => 0.93
Ymp = material factor for pressure (-) => 1.25
Ym,M = material factor for bending (-) =>1.15
ML = allowable bending moment for buckling (Nm)
Mc = critical bending moment for buckling (Nm)
6.4. Progressive Plastic Collapse

Progressive plastic deformation load cycle will lead to extreme deformation, collapse and cracks initiation
through the wall.

The condition for avoiding buckle propagation is:
2 2
R R
Emy = AT <| =L 1—§ Fh| e 0.9—E Th
E 4 Ry, E 4\ R,

coefficient of linear thermal expansion (m/ m/ ° C)

Where:

Q
Il

AT temperature differential [° C] (design —installation)

Parameters have to be factored as defined in section 5.

6.5. Local Buckling
In accordance with NEN 3656, if OD / t < 55, an assessment on local buckling can generally be omitted.

For this project it would mean that a local buckling check is required for a wall thickness of minimal 9.2 mm,
which will be much smaller than the anticipated wall thickness. This will be checked during detailed design.
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6.6. Bar Buckling

In a free span the pipeline will be susceptible to bar buckling. Bar buckling may occur due to an effective axial
compressive force (N) in the pipeline. The compressive force in an axially restrained pipeline is based on the
longitudinal stress:

N=A-(v-S,—v: E-a-AT)

Where:
A = cross sectional area of steel (mm?)
v = Poisson's ratio for elastic deformation (-) => 0.3
Sh = factored hoop stress (N/mm?)
Tt = load factor as given in Table 5-3 (-)
o = coefficient of thermal expansion (m/m/°C)
AT = pipeline temperature differential (° C) (design — installation)

The factored hoop stress (Sn) is calculated from:

Sh=7p -Oh
and
_P4-(OD -tn)
P 24,
Where:
P4q = design pressure (N/mm?)
tmin = minimum pipe wall thickness (mm)
oD = outside diameter of steel pipe (mm)
TP = load factor as given in Table 5-3 (-)

The buckling length is based on the Euler buckling load definition, defined in Ref. [3]. Bar buckling is avoided if

the span length fulfils:
L< a2 EL
IN|

Where:

'_
]

allowable span length (mm)

I = moment of inertia (mm?)
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6.7. Results Buckling & Collapse

Appendix B contains the calculation sheet for the buckling and collapse calculations discussed in the previous
sub-sections. The results are also summarized in Table 6-3 (8m WD), Table 6-4 (17m WD) and Table 6-5 (26m
WD).

Property Install (flooded Hydrotest Operation

Material L360

Temperature (deg. C) 15 15 65
Yield at temperature (N/mm2) 360 360 360
Pressure (barg) 2 144 111
Content density (kg/m3) 1025 1025 96
Storm surge (m) -0.14 -0.78
Hmax (m) 5.2 6.2
Tass (s) 7.7 8.1
Current velocity @ 1m ASB (m/s) 0.89 1.12

Collapse - external pressure only
Actual external pressure (MPa) 0.19

Allowable external pressure (MPa) 16.0

Collapse — bending moment only

Maximum allowable bending moment (kNm) 1256

Collapse — external pressure & bending moment

Maximum allowable bending moment (kNm) 1001 1001

Progressive plastic collapse
Actual strain (-) 0.0001 0.0001 0.0005
Allowable strain (-) 0.0033 0.0028 0.0030

Local buckling
OD/t ratio 239

Allowable ratio 55

Bar buckling

Table 6-3 Buckling & Collapse analysis - result summary — 8 m water depth
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Property Install (flooded Hydrotest Operation

Material L360

Temperature (deg. C) 15 15 65
Yield at temperature (N/mm2) 360 360 360
Pressure (barg) 2 144 111
Content density (kg/m3) 1025 1025 96
Storm surge (m) -0.58 -1.29
Hmax (m) 8.3 11.55
Tass (s) 8.9 9.8
Current velocity @ 1m ASB (m/s) 0.82 1.04

Collapse — external pressure only
Actual external pressure (MPa) 0.30

Allowable external pressure (MPa) 16.0

Collapse — bending moment only

Maximum allowable bending moment (kNm) 1256

Collapse — external pressure & bending moment

Maximum allowable bending moment (kNm) 1000 1000

Progressive plastic collapse
Actual strain (-) 0.0001 0.0001 0.0005
Allowable strain (-) 0.0033 0.0028 0.0030

Local buckling

OD/t ratio 239
Allowable ratio 55
Bar buckling

Table 6-4 Buckling & Collapse analysis - result summary — 17 m water depth
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Property Install (flooded Hydrotest Operation

Material L360

Temperature (deg. C) 15 15 65
Yield at temperature (N/mm2) 360 360 360
Pressure (barg) 2 144 111
Content density (kg/m3) 1025 1025 96
Storm surge (m) -1.02 -1.79
Hmax (m) 11.4 16.9
Tass (s) 10.1 11.5
Current velocity @ 2m ASB (m/s) 0.74 0.96

Collapse — external pressure only
Actual external pressure (MPa) 0.42

Allowable external pressure (MPa) 16.0

Collapse — bending moment only

Maximum allowable bending moment (kNm) 1256

Collapse — external pressure & bending moment

Maximum allowable bending moment (kNm) 999.4 999.4

Progressive plastic collapse
Actual strain (-) 0.0001 0.0001 0.0005
Allowable strain (-) 0.0033 0.0028 0.0030

Local buckling
OD/t ratio 239
Allowable ratio 55

Bar buckling

Table 6-5 Buckling & Collapse analysis - result summary — 26 m water depth
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7. Free Span Analysis

Spanning of a pipeline on the seabed causes forces and stresses in the pipe. The criterion for accepting a pipe-
line configuration is that the pipe should not be subjected to over-stressing, nor to excessive dynamic loading
because of resonant oscillations of the pipe caused by the vortex shedding phenomenon during installation,
testing and throughout its operating life.

The pipeline span assessment includes the following items:

- Static span analysis
- Dynamic span analysis.

The static analysis concerns the determination of the pipe stresses under functional- and static environmental
loads for a given span length.

The dynamic span analysis is based on criteria for prevention of vortex induced vibrations (VIV) as outlined in
NEN 3656 considering both current- and wave induced velocities.

In addition, operational limits of the trenching equipment, limits the span gap (distance between the pipe and
the seabed).

Although the pipeline will be buried below the seabed prior to its operation, the pipeline must be checked for
spanning for the period between installation and burial.

In the analysis, along with the seabed topography, both functional and environmental loads are taken into con-
sideration to check pipeline structural integrity under the considered load cases.

7.1. Static Span

Combining hoop, longitudinal and bending stresses in the pipeline, which shall satisfy criteria for equivalent
stresses, gives the maximum allowable static span lengths. Checks are to be made for the installation, hydro
test and operational load case.

The maximum bending moment is calculated from the (vector) combination of the pipelines’ own weight and
hydrodynamic forces for the maximum wave condition:

q:\/7W2'W52+7H2'(FD+FI )2

Where:

Tw load factor as per Table 5-3 (-)

TH load factor as per Table 5-3 (-)

End fixity of an actual span is commonly assumed between fixed - fixed and fixed — pinned and the bending mo-
ment (M) calculated from:

2
m=9t
10
Where:
L = Maximum allowable span length [m]
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The maximum allowable bending moment (Mai) is given by:

2' | 'Ub
M,y=——
all oD

Where:

I = moment of inertia (m*)

oD

pipeline outside diameter (m)

Sh maximum allowable bending stress

The maximum allowable static span can then be determined by:

| max — 20-0y, -1
OD-q

The maximum allowable span length follows from the condition that the equivalent stress (Se) from the load
combination satisfies the following conditions:

For the operational and hydrotest cases:

S, <0.85% (R, +Roy)/ 71y

For the installation case:

Se <R ¥
Where:
Re = minimum yield stress at 20 °C (N/mm?)
Rev = minimum yield stress at design temperature (N/mm?)
Ym = material factor (-) => 1.1

7.1.1. Load Cases

The maximum static span will be determined for the load cases, and considering the environmental load return
periods, as detailed in Table 7-1:

Condition Wave Height Current velocity
Return Period Return Period
Installation Hmax, 1yr lyr
Hydrotest Hmax, 1yr lyr
Operational,1 Hmax, 100yr 10yr
Operational,2 Hmax, 10y 100 yr

Table 7-1 Load Cases for Span Assessment
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7.1.2. Results

Tables 7-2 thru 7-5 show the results for the maximum allowable static span lengths during installation, hydro-
test and operational phase. The calculation can be found in Appendix C.

7.1.2.1. Flooded installation

Property Unrestrained pipe Restrained pipe
Tension Compression Tension Compression
Hoop stress (MPa) 2.9 2.9 2.9 2.9
Max. longitudinal stress (MPa) 328.7 -325.8 328.7 -325.8
Longitudinal hoop stress (MPa) 1.2 1.2 0.9 0.9
Thermal expansion stress (MPa) N/A N/A -26.8 -26.8
Max. allowable bending stress (MPa) 327.3 -327.1 327.3 -299.9

Table 7-2 Maximum span for flooded pipe

7.1.2.2. Hydrotest

Property Unrestrained pipe Restrained pipe
Tension Compression Tension Compression
Hoop stress (MPa) 249.7 249.7 249.7 249.7
Max. longitudinal stress (MPa) 637.5 -387.8 637.5 -387.8
Longitudinal hoop stress (MPa) 85.8 85.8 74.9 74.9
Thermal expansion stress (MPa) N/A N/A -29.5 -29.5
Max. allowable bending stress (MPa) 551.6 -473.6 556.4 -433.2

Table 7-3 Maximum span during hydrotest

7.1.2.3. Operation LC1

Property Unrestrained pipe Restrained pipe
Tension Compression Tension Compression
Hoop stress (MPa) 191.8 191.8 191.8 191.8
Max. longitudinal stress (MPa) 626.9 -435.1 626.9 -435.1
Longitudinal hoop stress (MPa) 66.2 66.2 57.6 57.6
Thermal expansion stress (MPa) N/A N/A -123.3 123.3
Max. allowable bending stress (MPa) 556.4 -501.2 556.4 -369.4

Table 7-4 Maximum span for Load Case 1



7.1.2.4. Operation LC2

Property

Hoop stress (MPa)
Max. longitudinal stress (MPa)
Longitudinal hoop stress (MPa)
Thermal expansion stress (MPa)

Max. allowable bending stress (MPa)
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Unrestrained pipe

Tension Compression
191.8 191.8
626.9 -435.1

66.2 66.2
N/A N/A
556.4 -501.2

Table 7-5 Maximum span for Load Case 2

) enersea

Restrained pipe

Tension Compression
191.8 191.8
626.9 -435.1
57.6 57.6
-123.3 123.3
556.4 -369.4
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7.2. Dynamic Span

Flow of water particles induced by currents and waves perpendicular to a spanning pipeline or riser span can
lead to vortices being shed. This will disrupt the flow around the pipe and thereby potentially cause periodic
loads on the pipeline or riser, also known as Vortex Induced Vibration (VIV).

The natural frequency of a span being close to the vortex shedding frequency can result in a resonant oscilla-
tion, possibly resulting in fatigue failure of the pipeline or riser.

The oscillations of the span may occur in two directions:

- in line with the flow (parallel to the flow direction of the water particles)
- in cross flow direction (perpendicular to the flow direction of the water particles)

When assessing VIV, the span should be confirmed to be within acceptable limits set by either avoidance of VIV
or an acceptable fatigue life for both the installation and operational condition.

Relevant dimensionless parameters governing the VIV phenomenon are the reduced velocity (V) and stability
parameter (Ks).

The reduced velocity (Vi) parameter is defined by:

v, = Vs
fn.ODm
Where,
Vs = water particle velocity due to current and significant wave (m/s)
fn = 1% natural frequency of the pipe span (1/s)
ODtot total outside diameter of the pipe (m)

The 1st natural frequency can be calculated from:

E-I
fo=— 7
27 \m,-L
Where,

a = frequency factor (-) => 15.4 for a fixed-pinned beam, which is used for the pipe
E = Young’s modulus (N/m?)
I = moment of inertia (m?)
L = length of span in pipeline / riser (m)
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The stability parameter (Ks) is defined by:

_2:mg-o
P Psw 'Othot
Where,
Me = effective mass of pipe (kg/m)
Psw = density seawater (kg/m3)
6 = logarithmic decrement of damping (-) => 6 = 0.126 for steel

The effective mass of the pipe can be calculated as:
2
me =m+%'CM " Psw 'ODtot
Where,

Pipeline / riser mass (kg/m)

3
I

Cm added mass coefficient (-)

NEN 3656 states that In-line oscillations will occur if Ks < 1.8 and cross flow oscillations will occur if Ks < 16.

7.2.1. In-line VIV

NEN 3656 furthermore states that in-line oscillations of the span occur if the reduced velocity is within the
range of: 1.0<Vr<3.5

Vortices around a spanning pipe occur in a relatively steady state environment. The wave induced velocity var-
ies from a maximum at t=0, to zero at t=1/4*Twave. Furthermore, the system does not respond instantaneously
to the applied forcing. To ignore the wave induced velocity in assessing the allowable dynamic span length
would be too optimistic, to account for the maximum induced value would be too conservative, therefore refer-
ence is made to DNV-RP-F105. “Free Spanning Pipelines.” (ref. [3]).

According to Ref. [3], fatigue damage due to in-line VIV can be neglected if the current flow velocity ratio a, as
defined by the equation below is smaller than 0.5. In the domain 0.5< a<0.8, in-line VIV is described as ‘re-
duced’ and requires additional work in determining the response amplitude. This additional work is left for the
detail design phase.

a = VCUI’
VCUI’ + Vwave
Where,
Veur = Particle velocity due to current [m/s]
Vwave = Particle velocity due to waves [m/s]
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7.2.2. Cross-flow VIV

The occurrence of cross flow oscillations depends on the magnitude of the Reynolds number, Re, and the re-
duced velocity as given in Figure 7-1.

6.0
WITH CROSSFLOW
OSCILLATIONS
5.0
3
2= e Re < 8 x 1? Ve< 5.00
NO CROSSFLOW Re < 12 » 10 Ve< 385
OSCILLATIONS
Ve 30 $
0 A roem B =T CH KUY L Il { STV v v | 2 e o
b7 . S 6 7
10 10 10 10
Re ———>P
Figure 7-1 Reduced velocity for cross flow oscillations
Re — V- 0Dy
14
Where,
v = particle velocity (m/s)
ODtot = pipeline outside diameter (m)
n = Kinematic viscosity water (m?/s) => 1,307 x 10°® (at 10 °C)

7.2.3. Results

The results for the VIV analyses are presented in Tables 7-6 through 7-8. Reference is made to appendix C for
more detailed calculations.

In-line VIV:
Property LStallaton Hydrotest Operation LC1 Operation LC2
(flooded)
8m WD - Wave hor. particle velocity (m/s) 13 13 1.6 15
8m WD - Current hor. particle velocity (m/s) 0.71 0.71 0.79 0.81
8m WD - Current velocity ratio (-) 0.35 0.35 0.35 0.37
17m WD - Wave hor. particle velocity (m/s) 1.33 1.33 2.08 1.76
17m WD - Current hor. particle velocity (m/s) 0.65 0.65 0.73 0.83
17m WD - Current velocity ratio (-) 0.33 0.33 0.26 0.32
26m WD - Wave hor. particle velocity (m/s) 1.35 1.35 2.56 2.01
26m WD - Current hor. particle velocity (m/s) 0.53 0.53 0.60 0.69
26m WD - Current velocity ratio (-) 0.28 0.28 0.19 0.26

Table 7-6 Current velocity ratio per load case
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The current flow velocity ratio («) is <0.5 for all load cases. Below this ratio, in-line VIV due to vortex shedding
becomes negligible (DNV-RP-F105, Ref [3]). In the limit of & = 0.5, the acceptable span is determined below:

Property I?:I?:::Lo)n Hydrotest Operation LC1 Operation LC2
Effective mass (kg/m) 682.9 682.9 522.7 522.7
Stability parameter (-) 0.63 0.63 0.49 0.49
Reduced velocity limit (-) 1 1 1 1
Outer P/L diameter (mm) 514 514 514 514
8m WD
Wave hor. particle velocity (m/s) 0.71 0.71 0.79 0.81
Current hor. particle velocity (m/s) 0.71 0.71 0.79 0.81
Current velocity ratio (-) 0.5 0.5 0.5 0.5
Span frequency (1/s) 2.75 2.75 3.09 3.46
© Alowsblespanlength(m) 219 29 21 209
17m WD
Wave hor. particle velocity (m/s) 0.65 0.65 0.73 0.83
Current hor. particle velocity (m/s) 0.65 0.65 0.73 0.83
Current velocity ratio (-) 0.5 0.5 0.5 0.5
Span frequency (1/s) 2.52 2.52 2.84 3.21
~ Alowsblespanlength(m) 229 29 280 A6
26m WD
Wave hor. particle velocity (m/s) 0.53 0.53 0.60 0.69
Current hor. particle velocity (m/s) 0.53 0.53 0.60 0.69
Current velocity ratio (-) 0.5 0.5 0.5 0.5
Span frequency (1/s) 2.07 2.07 2.35 2.69

Table 7-7 Allowable span due to in-line VIV

There is relatively little difference between the allowable span in the various conditions. This is because the VIV
phenomenon is governed by the steady current, which is of similar magnitude at all locations. The selected limit
of current flow velocity ratio, a=0.5, is also a significant factor. If this is increased to a=0.6, the allowable span
(in-line VIV) for installation condition at 26m water depth is increased from 25.2m to 27.6m. Selecting a higher
current flow velocity ratio requires that the pipeline amplitude response is further investigated, this is left to
the detail design phase.
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Cross flow VIV:
Property LE b Hydrotest Operation LC1 Operation LC2
(flooded)
8m WD
Wave hor. particle velocity (m/s) 1.3 1.3 1.6 1.5
Current hor. particle velocity (m/s) 0.71 0.71 0.79 0.81
Reynolds nr. (-) 2.07 * 10° 2.07 * 10° 2.47 * 10° 2.46 * 10°
Reduced velocity limit (-) 3.85 3.85 3.85 3.85
Span frequency (1/s) 1.01 1.01 1.21 1.21
 Alowsblespanlength(m) 30 30 33 33
17m WD
Wave hor. particle velocity (m/s) 1.33 1.33 2.08 1.76
Current hor. particle velocity (m/s) 0.65 0.65 0.73 0.83
Reynolds nr. (-) 2.03 * 108 2.03 * 108 2.90 * 108 2.66 * 108
Reduced velocity limit (-) 3.85 3.85 3.85 3.85
Span frequency (1/s) 1.00 1.00 1.42 1.30
o Alowsblespanlength(m)
26mwWD
Wave hor. particle velocity (m/s) 1.35 1.35 2.56 2.01
Current hor. particle velocity (m/s) 0.53 0.53 0.60 0.69
Reynolds nr. (-) 1.94 * 108 1.94 * 106 3.26 * 10° 2.78 * 10°
Reduced velocity limit (-) 3.85 3.85 3.85 3.85
Span frequency (1/s) 0.95 0.95 1.60 1.36

Table 7-7 Allowable span due to cross-flow VIV
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0
dy
8. Upheaval Buckling — Analytical

Buried pipelines exposed to compressive effective axial forces may get unstable beyond its anchor point and
move vertically out of the seabed if the cover has insufficient resistance. An out-of-straightness configuration
will result in forces acting on the cover, perpendicular to the pipeline. In case these vertical forces exceed the
cover resistance the pipeline will buckle upwards.

The relation between minimum required cover height and the imperfection height (out-of-straightness) will be
established in accordance with ref. [11].

Parameters used in the assessment of upheaval buckling are the dimensionless imperfection length parameter
(D):

P
Where:
L = exposure length (m)
Ne = effective axial compressive force (N)
El = bending stiffness (N m?)

And the dimensionless maximum download parameter (®w):

D, = w-E-I .
Acaic - Ne
Where:
w = required download [N/m]
Acalc = imperfection height [m]

Depending on the @ value the required download is derived from ®y in accordance with:

@, =0.0646 for d, <4.49

w=2B_ 883 for 449 < <8.06
P P
D= 2838 tor ¢ >806
P P
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In cohesionless soils the uplift resistance (q) due to the cover of the pipe can be calculated from:

H
g=y-H -OD~(1+ f O_D)
Where:
Y = effective under water weight of soil (N/m?3)
H = depth of cover (m)
oD = outside diameter of pipe (m)
f = uplift coefficient

0.5 for dense material
0.1 for loose material

The calculated required download (w) shall be smaller than the actual combination of the submerged weight
and uplift resistance of the pipeline.

The simplified method from Reference [11] is conservative, in that it does not model a number of mitigating
factors such as:

- The finite axial stiffness of the pipeline, which determines how rapidly the axial force diminishes as the
pipeline moves upwards

- The pipeline resistance to axial movement through the soil determines how far the pipeline can slide to-
wards a developing buckle.

Both the above factors may cause progressive upheaval buckling, as predicted by the analysis method in Refer-
ence [11], not to occur.

Further, the sinusoidal imperfection profile assumed in the model is envisaged to yield conservative download
requirements.
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8.1. Results

The results are presented as the minimum safe length for a given imperfection height and cover height, at the
maximum operational temperature of 43°C and operational pressure of 95 barg. An ‘x’ denotes that there is no
risk of upheaval buckling for the given condition. An excerpt of the calculations is presented in Appendix D.

Minimum required Cover Height to TOP [m]
Imperfection Length
(m) 1.4 1.3 1.2 1.1 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
Available
Download, 9929 9232 8553 7889 7243 6613 6000 5403 4823 4260 3714 3184 2671 2174
q [N/m]
0.05 X X X X X X X X X X X X X X
0.1 X X X X X X X X X X X X X X
0.15 X X X X X X X X X X X X X X
0.2 X X X X X X X X X X X X X X
0.25 X X X X X X X X X X X X X X
0.3 X X X X X X X X X X X X X X
0.35 X X X X X X X X X X X X X 42.6
0.4 X X X X X X X X X X X X X 50.9
Eo 0.45 X X X X X X X X X X X X 46.3 56.3
(3]
E = 0.5 X X X X X X X X X X X X 51.8 70.5
g 055  «x X X X X x x x x X x 477 560 780
é‘ 0.6 X X X X X X X X X X 43.0 52.1 68.2 84.0
0.65 X X X X X X X X X X 48.4 55.7 75.2 89.2
0.7 X X X X X X X X X 44.5 52.1 65.4 80.5 94.0
0.75 X X X X X X X X X 48.7 55.2 72.6 85.1 98.5
0.8 X X X X X X X X 45.2 51.9 58.0 77.6 89.4  >100
0.85 X X X X X X X X 48.8 54.6 70.1 81.8 93.3  >100
0.9 X X X X X X X 45.5 51.6 57.1 74.9 85.6 97.0 >100
0.95 X X X X X X X 48.7 54.1 67.3 78.8 89.1  >100 @ >100
1 X X X X X X 45.6 51.2 56.3 72.3 82.4 92.4 >100 = >100

Table 8-1 Out of straightness table
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9. Bottom Roughness Analysis

9.1. General

The pipeline route experiences significant undulations in the sea bed, which may create free spans of the pipe-
line. In order to assess if the pipeline spans are greater than allowed in the time between installation and bur-
ial, a bottom roughness analysis. A FEA model is created which incorporates the surveyed sea floor profile, the
interaction between pipe and sea floor, and the structural behaviour of the pipeline.

The finite element calculation is carried out using industry proven software package ANSYS. The analysis is at
this stage of the design is limited to identifying locations with more than critical span length between installa-
tion and burial, no modifications to the sea floor are determined.

The pipeline will be modelled by ANSYS’ PIPE288 element. This is a 3D pipe element consisting of 3 ‘layers’: an
internal layer to account for the weight of the internal fluid, a structural layer used for the structural calcula-
tions, and an outer layer to account for the coating. Additionally, the buoyancy of the displaced seawater is ac-
counted for.

The pipeline is modelled with an element length of 1 m and accounts for undulations in the vertical direction.
Pipe-soil interaction is simulated using three independent non-linear spring elements attached to each pipe ele-
ment. The springs represent the soil frictional resistance in the axial and lateral directions and the soils bearing
capacity in the vertical direction.

Seabed roughness will be simulated by displacing the vertical springs representing the soil bearing capacity to
the correct depth based on the bathymetric data and allowing the pipe to move and rest on the vertical springs.

When the support force of a vertical spring is 0, a free span is identified. Similar succeeding points indicate a
larger span. The length of the free span is determined by subtracting the coordinates of the beginning of the
span from the coordinates of the span end. Based on the acceptable spans identified in this document, the lo-
cations where spans are larger than the critical span are found and reported.

9.2. Definition of Soil Springs

The characteristics of the springs which simulate the pipe-soil interaction are defined through non-linear force-
deflection curves. These force-deflection curves describe the frictional restraint provided by the soil to the pipe-
line in axial, lateral and vertical direction.

Axial and lateral restraint for the unburied pipeline is included as Coulomb friction. The amount of restraint per
length of pipeline depends on the friction coefficient and the submerged weight of the pipeline. A friction coef-
ficient of 0.6 was used in both directions, this excludes the effect of soil berms created by lateral movement of
the pipeline. In accordance with DNV-RP-F109, the friction coefficient of a pipe on sand is set to 0.6. The maxi-
mum friction force is only reached when a nominal displacement has been reached, the mobilization displace-
ment. In the present analysis, mobilization displacement is set to 5 mm. A third point in the spring reaction dia-
gram is set at a displacement of 1m with a reaction force of 1.001 time the maximum friction force, this pre-
vents extrapolation of the first section of the spring slope.

Vertical support follows from the bearing capacity of the idealized 2D strip foundation theory. A touchdown lay
factor kiay of 2 has been considered during the installation load case, according to DNV-RP-F114, ref [12]. The
‘installation’ type supports do not provide resistance against upwards movement of the pipe.
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Figure 8-1 Vertical and axial support

9.3. Results

The result of pipeline installation on the as-surveyed sea bed profile is given in Table 8-1, and Figures 8-2
through 8-4. Three (3) spans longer than 20 m were found, all in the first kilometre of the pipeline. If the critical
span criterium is set as 25m between KP0O and KP2, 23m between KP2 and KP10, and 22 m from KP10 to the
end of the pipeline, only the span of 27 m between KP0.406-0.433 violates these criteria. These criteria are
based on on the 1-year environmental conditions, for the installation and hydrotest condition.

Table 8-1 Overview largest spans

Span # Start of span [m] End of span [m] Span length [m]
1 406 433 27

2 455 478 23

3 707 729 22

The design criterion of span length is only marginally exceeded, and as noted in Section 7.2, additional investi-
gation in the dynamic response of the pipeline could extend the allowable span to more than 27m. This would

remove the need for sea bed modifications. The additional investigations are left for the detail design phase of
the pipeline.
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Figure 8-2 Pipeline on sea floor, complete route
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Figure 8-3 Pipeline on sea floor — section with spans >20m
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A. Wall Thickness Analysis

The following Wall Thickness Analyses were performed:
- 19018-60-CAL-01001-01-01 20” x 20.6 mm —inside 500m zone
- 19018-60-CAL-01001-01-01 20” x 20.6 mm — outside 500m zone

(4 pages)



Project : NO5-A Pipeline basic design ®
Project # : 19018 enersea
Subject : Wall thickness calculation NO5-A Pipeline
File # . #N/A
Client : ONE-Dyas
Client File #
Originator : HVH Checked . PF
Date © 21.10.2019
Revision 101
20" Pipeline - Inside 500m zone
Material properties
Material = L360NB
Design temperature Ty = 50 °C
Yield at ambient temperature Re = 360.00 N/mm?
Yield at design temperature Req = 360.00 N/mm?
Material factor (Table 4 NEN 3656) R Ym = 1.10 -
Allowable stress o, = VEd oy = 327.27 N/mm?
Pipeline properties
Outside diameter oD = 508 mm
Design pressure Py = 111.1 barg
Minimum outside presssure P, = 0 barg
Fabrication Tolerance fo = 7.3 %
Corrosion allowance CA = 3 mm
Pipeline within the 500 meter zone? y (Y or N)
Load factor (Table 3 NEN 3656): Ys = 1.364 -
1,25 outside 500m zone; 1,364 inside 500m zone
Bend radius 2540 mm
Fabrication tolerance bends fiog = 7.3 %
. 2R 05D,
Inside bend factor 2R-D. = 1.06
Outside bend factor 2R+05D, = 0.95
2R+ D,
Minimum wall thickness determination, d,,
minimum wall thickness (excl. CA): FIR # A = 11.50 mm
2-R(Ty)+y -y, -Pa
Extrados
Inside bend = 12.13 mm
Outside bend osR = 10.97 mm
e
I
L +

Minimum required wall thickness (incl. CA) after bending, d i, [Note 2]
Straight part / along bend radius @ CLR = 14.50 mm
Inside bend @ ISR = 15.13 mm
Outside bend @ OSR = 13.97 mm

Selected nominal wall thickness = 20.6 mm

Page 1 of 2
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ojects 1001 &3 enersea

Subject : Wall thickness calculation NO5-A Pipeline

File # . #N/A

Client . ONE-Dyas

Client File #

Originator : HVH Checked . PF
Date © 21.10.2019

Revision 101

20" Pipeline - Inside 500m zone
Hoop stress

Y Py '(De 7dmin)

Hoop stress straight parts o 231.56 N/mm?
Hoop stress inside bend ohoop(Bl):%ﬁhoop = 244.42 N/mm?
Hoop stress outside bend ahoop(Bop%-amp = 221.03 N/mm?

Stress Check

Hoop stress (N/mm2) Occurring Allowable
Straight parts 231.56 327.27
Inside bend 244.42 327.27
Outside bend 221.03 327.27

Test pressure

Hydrotest temperature = 15 °C
Yield at hydrotest temperature = 360 N/mm?
Product (gas / others) gas
Design factor, CP (1.3 for gas; 1.25 for others) 1.30
Minimum hydrotest pressure Prmin=Cp Py RER(Z((:():) = 144.43 barg
e\'d
Maximum allowable hydrotest pressure Pr s = zld(an .(1d_ fw'()' R;(Z()))QC) = 281.23 barg
e Ynom "\ ltol
Mill test pressure P =09 2R -dpom = 262.77 barg
mi . D

e

Max. allowable hydro test pressure exceeds mill test pressure!!

Note 1: Outside 500m zone: Pd* = (Pd - Pe)
Within 500m zone: Pd* = Pd
Note 2: The bend manufacturer to ensure that the finished products does meet with these minimum WT. requirements.
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Project : NO5-A Pipeline basic design ®
Project # : 19018 enersea
Subject : Wall thickness calculation NO5-A Pipeline
File # : 19018-60-CAL-01001-02-01a_Wall thickness 20x20.6_L360_outside 500m.xIsx
Client . ONE-Dyas
Client File #
Originator : HVH Checked . PF
Date : 21.10.2019
Revision 101
20" Pipeline - Outside 500m zone
Material properties
Material = L360NB
Design temperature Ty = 50 °C
Yield at ambient temperature Re 360.00 N/mm?
Yield at design temperature Req = 360.00 N/mm?
Material factor (Table 4 NEN 3656) R Ym = 1.10 -
Allowable stress o, = VEd oy = 327.27 N/mm?
Pipeline properties
Outside diameter oD = 508 mm
Design pressure Py = 111.1 barg
Minimum outside presssure P, = 0 barg
Fabrication Tolerance fo = 7.3 %
Corrosion allowance CA = 3 mm
Pipeline within the 500 meter zone? n (Y or N)
Load factor (Table 3 NEN 3656): Ys = 1.250 -
1,25 outside 500m zone; 1,364 inside 500m zone
Bend radius 2540 mm
Fabrication tolerance bends fiog = 7.3 %
. 2R 05D,
Inside bend factor 2R-D. = 1.06
Outside bend factor 2R+05D, = 0.95
2R+ D,
Minimum wall thickness determination, d,,
. . . Y.V, PRiD, —
minimum wall thickness (excl. CA): Ao AT = 10.55 mm
Extrados
Inside bend = 11.14 mm
Outside bend osR = 10.07 mm
e
I
L +

Minimum required wall thickness (incl. CA) after bending, d i, [Note 2]
Straight part / along bend radius @ CLR = 13.55 mm
Inside bend @ ISR = 14.14 mm
Outside bend @ OSR = 13.07 mm

Selected nominal wall thickness = 20.6 mm

Page 1 of 2



_ A P b o
ojects 1001 &3 enersea

Subject : Wall thickness calculation NO5-A Pipeline

File # : 19018-60-CAL-01001-02-01a_Wall thickness 20x20.6_L360_outside 500m.xIsx
Client . ONE-Dyas

Client File #

Originator : HVH Checked . PF
Date © 21.10.2019

Revision 101

20" Pipeline - Outside 500m zone

Hoop stress
Y Py '(De 7dmin)

Hoop stress straight parts o 212.20 N/mm?
Hoop stress inside bend o‘hoop(Bl):%-o‘hoop = 223.99 N/mm?

. 2.R+%-D, _ 2
Hoop stress outside bend ahoop(Bopm-ahmp = 202.56 N/mm

Stress Check

Hoop stress (N/mm2) Occurring Allowable
Straight parts 212.20 327.27
Inside bend 223.99 327.27
Outside bend 202.56 327.27

Test pressure

Hydrotest temperature = 15 °C
Yield at hydrotest temperature = 360 N/mm?
Product (gas / others) gas
Design factor, CP (1.3 for gas; 1.25 for others) 1.30
Minimum hydrotest pressure Prmin=Cp Py RER(Z((:():) = 144.43 barg
e\'d
Maximum allowable hydrotest pressure Pr s = zld(an .(1d_ fw'()' R;(Z()))QC) = 281.23 barg
e Ynom "\ ltol
Mill test pressure P =09 2R -dpom = 262.77 barg
mi . D

e

Max. allowable hydro test pressure exceeds mill test pressure!!

Note 1: Outside 500m zone: Pd* = (Pd - Pe)
Within 500m zone: Pd* = Pd
Note 2: The bend manufacturer to ensure that the finished products does meet with these minimum WT. requirements.
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B. Buckling & Collapse Analysis

The following buckling and collapse analyses were performed:
- 19018-60-CAL-01003-01-01 Buckling & Collapse calculation —26m — operation
- 19018-60-CAL-01003-02-01 Buckling & Collapse calculation — 26m — installation flooded
- 19018-60-CAL-01003-03-01 Buckling & Collapse calculation — 26m - hydrotest
- 19018-60-CAL-01003-04-01 Buckling & Collapse calculation — 8m - operation
- 19018-60-CAL-01003-05-01 Buckling & Collapse calculation — 8m - installation flooded
- 19018-60-CAL-01003-06-01 Buckling & Collapse calculation —8m - hydrotest
- 19018-60-CAL-01003-07-01 Buckling & Collapse calculation — 17m - operation
- 19018-60-CAL-01003-08-01 Buckling & Collapse calculation — 17m - installation flooded
- 19018-60-CAL-01003-09-01 Buckling & Collapse calculation — 17m - hydrotest

(66 pages) only 26m with Stokes+hydroload pages



Project : NO5-A Pipeline design ®
Project # - 10018 enersea
Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xlIsx
Client : ONE-Dyas
Client File #
Originator : EVW
Date : 24/01/2020
Revision 101
Buckling and Collapse - 20in x 20.62mm - Operational
Situation |
1. Installation: empty Operational
2. Installation: filled
3. Hydrotest
4. Operational
| Pressure (barg) Temperature (deg. C)
Installation (Pj,, Ti) 2 15
Design (Pg, Ty) 111 50
Hydrotest (P;, T) 144 15
Pipeline properties
Nominal diameter ODpom = 20
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Max. OD deviation ODpmax.dev = 0.35 - dpyin ODpmax.dev = 7.22 mm
Min. OD deviation ODmin,dev =0.35- dmin ODmin,dev = 7.22 mm
Max. ovalised diameter ODppax = ODom + 0.35 - dmin ODpp = 515.217 mm
Min. ovalised diameter ODpjin = ODyom - 0.35 - dmin ODpin = 500.783 mm
Initial ovalisation 5 = 2Pmax = ODmin do = 0.014 -
0 ODmax+ ODmin
Cross sectional area of steel A= 31572 mm?
Moment of Inertia | = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fiol = 7.25 %
Minimum wall thickness Amin = nom {1 — fro} — CA drin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODyom + (ODpom = 2:tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness Anomp = 0.0 mm
Coating data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
Buckling & Collapse Page 1 of 12



Project : NO5-A Pipeline design ®

Project # : 19018 enersea

Subject : Buckling and Collapse

File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xlIsx

Client : ONE-Dyas

Client File #

Originator : EVW Checked

Date : 24/01/2020

Revision 101

Material = L360NB

Design temperature Ty = 50 °C

Yield at ambient temperature Re = 360.00 N/mm?

Yield at design temperature Reg = 360.00 N/mm?

Density Pst = 7850 kg/m®

Youngs modulus Es = 210000 N/mm?

Poisson's ratio u = 0.3 -

Linear thermal expansion coefficient a= 1.16E-05 m/m/°C

Contents

Sea water density 1025 kg/m?®

Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: Operational 96.1 kg/m®

Pipeline Weights

Plpe“ne Welght in air WP:'.‘JS = {AS " FPs + Acoar " Pooat + Ainsfr’!s - pcontsnr} g Wpl,a = 26366 N/m

Piggyback weight in air Wpga = 0.0 N/m

Buoyancy force pipeline F, = %_ OD2, - pevoacer * Fep = 2086.5 N/m

Buoyancy force piggyback Fepo = 0.0 N/m

Submerged pipeline weight,empty Wpise = 388.8 N/m

Submerged piggyback weight Wigs = 0.0 N/m

Total submerged bundle weight,empty Wrse = 388.8 N/m

Total submerged bundle weight,water filled Wrsr = 2109.4 N/m

Soil

Submerged density Pes = 1000 kg/m?

Depth of burial dy = 0.80 m

Soil cover pressure SCpres = Tss Xdy X g SCpres = 0.008 N/mm?

Environmental conditions

Water depths:

Seawater density Psw = 1025 kg/m3

Maximum water depth WD pax = 29.68 m LAT

Minimum water depth WDpin = 26 m LAT

Other water depth (to be used for calculations) WD =| 26]m LAT

Storm surge, RP1 yr SSyyr = -1.02 m LAT

Storm surge, RP100 yr SS100yr = -1.79 m LAT

Storm surge water level SSWL =WD +ss SSWL = 24.21 m LAT

Highest Astronomical Tide HAT = 272 m

Waves (H max & T max):

Maximum wave height, RP1 yr - installation/hydrotes Hmax1 = 11.4 m

Associated maximum wave period, RP1 yr Tass1 = 10.1 s

Maximum wave height, RP100 yr - operational Hmax,100 = 16.9 m

Associated maximum wave period, RP100 yr Tass100 = 115 s

Buckling & Collapse Page 2 of 12



e ey Tpetine desion EJ enersea

Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xlIsx
Client : ONE-Dyas
Client File #
Originator : EVW Checked
Date : 24/01/2020
Revision 101
Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
max
> = 0.0130
g 'Tz
. WL _ 0.0187
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th 2 | Stokes 5th|
Maximum wave particle velocity Uwh Uym = 4.00 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 4.00 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 2m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.74 m/s
Storm surge, RP10 yr Ugs 10 = 0.84 m/s
Storm surge, RP100 yr Uss 100 = 0.96 m/s
Current velocity at reference height Ugr = 0.96 m/s
Angle of attack relative to pipeline axis oD 17 Oye = 90 deg
. . 7 .
Horizontal current velocity L to P/L . U gr (ﬂJ -sin (arye ) = Uch = 0.69 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 4320 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C
Collapse - external pressure only (K.3.3.5.1) o)
- external N 2 2 By
External implosion pipe collapse pressure (P.) given by: (pc — pe)-(pC —Pp )= Pe - Pe - Pp 2-0y —
dnom
External elastical pipe collapse pressure (P,): P, = 2E, mf = 34.0 N/mm?
1-v? 0D,
External plastic pipe collapse pressure (Pp) P, = ZC';;A = 29.2 N/mm?2
External implosion pipe collapse pressure (P,): P. = 16.0 N/mm?
Maximum water column above mudline (WC.,) WCax = WDpax + 0.5-Hax 100 + HAT = 40.85 m
0.4085 N/mm?
Actual external pressure (P,) WCax + SCpres = 0.42 N/mm?

Buckling & Collapse Page 3 of 12



e ey Tpetine desion EJ enersea

Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xlsx
Client : ONE-Dyas
Client File # :
Originator : EVW Checked
Date : 24/01/2020
Revision 1 01
p Table 4 - NEN3656
Assessment: Yep Fr <YuLe Where, Ogp = 1.05 -
Ty Ou = 0.93 -
gm’p = 1.45 -
Yy
Assessment:  ¥g, P < T L = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

= 1.256E+06 N-m

Collapse - external pressure + bending moment only (K.3.3.5.3)
f Table 4 - NEN3656

Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F% M-:: / gg,M = 1.55 -
Jmp SmM
Omp = 1.25 -
Omm = 1.15 -
Om = 0.93 -
n=1+ 300 dnoy/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

9.994E+05 N'm

Determination maximum span length due to bending only or bending & external pressure

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yg (Fp+Fy)
Ws = submerged pipeline weight; Ws = 389 N/m
Fo+F = 4320 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
q-= 5202 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 9.99E+05 N'm
Maximum span length, Liax = 43.8 m

Buckling & Collapse Page 4 of 12



e ey Tpetine desion EJ enersea

Subject : Buckling and Collapse

File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx
Client : ONE-Dyas

Client File #

Originator : EVW Checked
Date : 24/01/2020

Revision 101

Progressive plastic collapse (K.3.3.6)

[ p 2 | - 2

R) | 3( 5 ] Re o3[ ]

A ment: —axaT<|[De g 3) T | 4 e lpg- 2| 7
ssessment: - fmax = [ E \ 7”@ E\ 3R

Temperature difference with ambient; DT = 46 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

o. S, = 169.3 N/mm?
P 2- dmin P mm

| p
fma = AT <| Bel®) |'1—§|L?] Ay ,g—_._p]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0005 < 0.0030 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|
Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0p *Sh Table 3 - NEN3656 - BC4
gp = 1.15 -
gt = 11 -
N = -2.05E+06 N
I Limax,ob = 61.7 m |

Buckling & Collapse Page 5 of 12



Projeets | dootg oo EJ enersea

Subject : Buckling and Collapse

File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx
Client : ONE-Dyas

Client File # :

Originator : BEvW Checked

Date : 24/01/2020

Revision 101

Stokes 5th order wave theory

Water depth WD = 26 m (LAT)
Storm surge Ss = -1.79 m
Storm surge water level SWL=WD+ss = 24.21 m
Wave height H= 16.9 m
Wave period T= 115s
Grav. Acceleration g= 9.81 m/s?
2

Deep water wave length L, = g-T = 206.5 m

2.7

Solving for wave length (L) and A

n-H L
SWL_S\/\/—L{KWL}“s‘Bss'F7‘5'(835+Bss)}:0 (1)
S S (280 o
0

Choosing L and solving for A in (Il) results in 4 roots for A

Estimate actual wave length, L 184.228 m
A=SWLT - 0.1172
B:SWL-tanh[z'“'SWL) = 0.0891
L L
A=%vX
%_—Ci-B *D
-~ 2.C,-B
D=(C,-Bf -4-(C,-B).(-(A-B)) = 0.5724

St.5th Page 6 of 12



Projeets | dootg oo EJ enersea

Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx
Client : ONE-Dyas
Client File # :
Originator : BEVW Checked
Date 1 24/01/2020
Revision 101
- eq. (1) eq. (1)
A1 0.227 -0.0004  0.0000
A2 Numerator of X <0
13 -0.227 4.3864 0.0000
A4 Numerator of X <0
Iltem Formula Value Unit
. 2-nt-WL
s s=sinh = 0.9228 -
2-mt-WL
c c=cosh = 1.3607 -
1
A1l Ay =5 1.0837 -
— 2 . . 2
A13 A _—etfset ) -3.5482 -
8-s°
1184 -¢' —1440 -c® —1992 -c® + 2641 -c* —249 -¢* +18
Ay =——rt ¢ ¢ T e SHRE 7.5755 -
1536 -s
A22 Ap = o 0.5172
? g.g ' )
8 6 4 2
768 -s"
A _13-4-¢"
A33 BT T T 0.1534 -
512 -c*® + 4224 -c¢* —6800 -c® —12808 -c® +16704 -c* —3154 -c® —107
A, =t2-C razdc ¢ OB e & ¢ ¢ 0.1815 -
4096 -s** -(6-c2 —1)
6 —_ . 4 . 2 —
Ad4 A _80-c”-816 (1:0 +133§3 c”-197 _ -0.0013 -
1536 - -(6-c2 -1}
St.5th Page 7 of 12



Project : NO5-A Pipeline design ®
Project # : 19018 enersea
Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx
Client : ONE-Dyas
Client File # :
Originator : BEVW Checked
Date 1 24/01/2020
Revision 101
A 2880 -c'® —72480 -c® +324000 -c® —432000 -c* +163470 -c? —16245 0.0282
* 61440 -s* -(6-c? —1)-(8-c* —11-¢? +3) eenerT
2
B22 B,, =w= 2.0361 -
4.3
(272 .¢® -504 .¢® -192 .¢* +322.¢* +21
- Bz4=°< c? 500" 102 ¢ +322 ¢ ¢ ) o
384 s
6
B33 B, =3 (B0 +1)_ 3.9311 -

64-s®

B35

12288 -s'.(6-c? 1)

88128 -c'* — 208224 -c** +70848 -c'° +54000 -c® —21816 -c® +6264 -c* —54-c? —81

= 5.1509 -
10 .n8 . b .4 2 _
B44 B44:c-768 ¢~ —488-c 489 c +:18 c" +106 -c 21: 7 9561 -
384-5°-(6-c2 -1

g 192000 -c** —26720 -c'* +83680 -¢'* + 20160 -c*° ~7280 -c® +7160 -c® ~1800 -¢* ~1050 -c” +225 _

55 — 10 4 2 2 B
12288 -s*°-(8-¢* —11-c2 +3)-(6-c2 1) _ VST -

8-c*-8-¢>+9
c1 c ——= == *7. 3.7260 -
8-s
3840 -c'® — 4096 -¢* +2592 -c® —1008 -c® +5944 -c* —1830 -c* +147
C,= 5 5 = 46.0838 -
512 -5% .(6-c? —1)
1

C,=- = - -

C3 3= s 0.1991

. 8 - 6 —_— . 4 - 2 —_—
ca 04:12 c”+36-c° —-162 c9 +141.c° -27 _ 0.3806 -
192 -c-s
K1 K,o=A-A, + 2% A+ 2° A= 0.2001 -
St.5th Page 8 of 12



Projeets | dootg oo EJ enersea

Subject : Buckling and Collapse

File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx
Client : ONE-Dyas

Client File # :

Originator : BEVW Checked

Date 1 24/01/2020

Revision 101

K2 K,=A-A,, +A"A,, = 0.0218 -
K3 Ky=2Agu+ 2 Ay = 0.0019 -
K4 K,=2"A, = 0.0000 -
K5 Ky =2"-A, = 0.0000 -

St.5th Page 9 of 12



Project : NO5-A Pipeline design ®
Project # : 19018 enersea
Subject : Buckling and Collapse

File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx

Client : ONE-Dyas

Client File # :

Originator : BEvW Checked

Date : 24/01/2020

Revision 101

Horizontal wave particle velocities

Water depth at which data required, z 0.5080 m

(w.r.t. seabed)

Horizontal velocity, u,

5 .
u, ZE‘ZWKn ‘Cosh[n.ﬁ‘z}cos(n-(p)
T 3 L

Horizontal acceleration, a,, 1,

a 2-m-L S
S
¢ [deg.] uw [m/s]
0.00 3.9954
10.00 3.8927
20.00 3.5942
30.00 3.1271
40.00 2.5326
50.00 1.8601
60.00 1.1605
70.00 0.4796
80.00 -0.1478
90.00 -0.6996
100.00 -1.1669
110.00 -1.5511
120.00 -1.8596
130.00 -2.1025
140.00 -2.2893
150.00 -2.4276
160.00 -2.5229
170.00 -2.5788
180.00 -2.5972
190.00 -2.5788
200.00 -2.5229
St.5th

aw_h [m/s?]

0.0000
0.6377
1.2167
1.6861
2.0102
2.1734
2.1823
2.0627
1.8534
1.5968
1.3301
1.0793
0.8578
0.6679
0.5054
0.3633
0.2353
0.1156
0.0000
-0.1156
-0.2353

n’-K, ocosh[n-%lj-sin(n-(p)

Velocity (m/s)

5.0
4.0
3.0
2.0
1.0
0.0

-1.0
-2.0
-3.0

Hor. wave velocity (Stokes 5th)

uw [m/s] aw_h [m/s2]

NI /

8?)\ 120 160 200 40 /80 320 60
;N ZaN

Wave phase angle (deg)
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Project : NO5-A Pipeline design ®
E3 enersea
Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx
Client : ONE-Dyas
Client File # :
Originator : BEvW Checked
Date : 24/01/2020
Revision 101

210.00 -2.4276  -0.3633

220.00 -2.2893  -0.5054

230.00 -2.1025  -0.6679

240.00 -1.8596  -0.8578

250.00 -1.5511  -1.0793

260.00 -1.1669  -1.3301

270.00 -0.6996  -1.5968

280.00 -0.1478  -1.8534

290.00 0.4796  -2.0627

300.00 1.1605 -2.1823

310.00 1.8601 -2.1734

320.00 2.5326  -2.0102

330.00 3.1271  -1.6861

340.00 3.5942  -1.2167

350.00 3.8927 -0.6377

360.00 3.9954 0.0000

U,m = Max. wave particle velocity =

St.5th

4.00 m/s

Page 11 of 12



Project : NO5-A Pipeline design ®
Project # : 19018 enersea
Subject : Buckling and Collapse

File # : 19018-60-CAL-01003-01-01 - Buckling & Collapse calculations - 26m - operation.xIsx

Client : ONE-Dyas

Client File # :

Originator : BEvW Checked

Date : 24/01/2020

Revision 101

Wave profile h(t)

n(t):Zf"ﬁ{x-cos(@ﬁ(x2 B, At

¢ (deg.)
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.00
110.00
120.00
130.00
140.00
150.00
160.00
170.00
180.00
190.00
200.00
210.00
220.00
230.00
240.00
250.00
260.00
270.00
280.00
290.00
300.00
310.00
320.00
330.00
340.00
350.00
360.00

St.5th

n(®) (m)
12.1350
11.3883

9.3802
6.6968
4.0097
1.7992
0.2151
-0.8738
-1.7036
-2.4374
-3.0936
-3.5987
-3.8987
-4.0330
-4.1177
-4.2594
-4.4749
-4.6819
-4.7680
-4.6819
-4.4749
-4.2594
-4.1177
-4.0330
-3.8987
-3.5987
-3.0936
-2.4374
-1.7036
-0.8738
0.2151
1.7992
4.0097
6.6968
9.3802
11.3883
12.1350

B, )-cos(20)+ (2% - By, +12° - By )-cos(3¢)+ A% - B, -C0s(4¢)+2° - By -cos(50)]

14.0

12.0

10.0

Wave elevation (m)
A M o v p O ®
© © o o o o o

o
o

Wave profile (Stokes 5th)

120 160 200

24

10

\ N

9/ 320 360

Wave phase angle (deg)
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Project : NO5-A Pipeline design ®
Project # 10018 enersea
Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-02-01 - Buckling & Collapse calculations - 26m - installation flooded.xIsx
Client : ONE-Dyas
Client File # : 19018-60-CAL-01003-02-01 - Buckling & Collapse calculations - 26m - installation flooded.xIsx
Originator : EVW
Date : 24/01/2020
Revision 101
Buckling and Collapse - 20in x 20.62mm - Installation: filled
Situation 2|

1. Installation: empty
2. Installation: filled
3. Hydrotest

4. Operational

Pressure (barg)

Temperature (deg. C)

Installation (P;,, Tin)
Design (Pg, Ty)
Hydrotest (P, Ty)

Pipeline properties
Nominal diameter
Nominal diameter
Nominal wall thickness
Max. OD deviation
Min. OD deviation
Max. ovalised diameter
Min. ovalised diameter
Initial ovalisation

Cross sectional area of steel

Moment of Inertia

Corrosion allowance
Fabrication Tolerance

Minimum wall thickness
Average pipe diameter

Piggyback
Nominal diameter

Nominal wall thickness

Coating data
Thickness line pipe
Thickness piggyback
Density

Constants
gravitational acceleration

Buckling & Collapse

2
111
144

Appin =

15
50
15

ODmax,dev =0.35- dmin
ODmin,dev =0.35- dmin

ODpax = ODom + 0.35 - dmin
ODyin = ODpgm - 0.35 - dmin

ODmax — ODmin
ODmax+ ODmin

50:

pom {1 — fra} — CA

ODg =1/2 - {ODnom + (ODnom

tin)}

ODyom =
ODyom =
dnom =
ODax,dev =
ODyindev =
ODpax =
ODpin =
do =

A =

CA =
ftol -
dmin =

0Dy =

ODnom,p =

dnom,p =

Installation: filled

20

508 mm
20.62 mm
7.22 mm
7.22 mm
515.217 mm
500.783 mm

0.014 -

31572 mm?
939135656 mm*

3 mm
7.25 %
16.1 mm

491.9 mm

0 mm
0.0 mm

3 mm
0 mm

930 kg/m®

9.81 m/s®
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Material = L360NB
Design temperature Ty = 15 °C
Yield at ambient temperature Re = 360.00 N/mm?
Yield at design temperature Reg = 360.00 N/mm?
Density Pst = 7850 kg/m®
Youngs modulus Es = 210000 N/mm?
Poisson's ratio u = 0.3 -
Linear thermal expansion coefficient a= 1.16E-05 m/m/°C
Contents
Sea water density 1025 kg/m?®
Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: Installation: filled 1025 kg/m?®
Pipeline Weights
Plpe“ne Welght Inar wp:'ps = {AS " Ps + Acoar " Peoat + Ainsfr’!s ) pcontsnr} g Wpl,a = 41958 N/m
Piggyback weight in air Wpga = 0.0 N/m
Buoyancy force pipeline F, = %_ 0D, - pooroser * Fep = 2086.5 N/m
Buoyancy force piggyback Fepo = 0.0 N/m
Submerged pipeline weight,empty Wpise = 388.8 N/m
Submerged piggyback weight Wigs = 0.0 N/m
Total submerged bundle weight,empty Wrse = 388.8 N/m
Total submerged bundle weight,water filled Wrsr = 2109.4 N/m
Soil
Submerged density Pss = 1000 kg/m’
Depth of burial dy = 0.80 m
Soil cover pressure SCpres = lss X dp X g SCpres = 0.008 N/mm?
Environmental conditions
Water depths:
Seawater density Psw = 1025 kg/m3
Maximum water depth WD pax = 29.68 m LAT
Minimum water depth WDpin = 26 m LAT
Other water depth (to be used for calculations) WD =| 26]m LAT
Storm surge, RP1 yr SSyyr = -1.02 m LAT
Storm surge, RP100 yr SS100yr = -1.79 m LAT
Storm surge water level SSWL =WD +ss SSWL = 24.98 m LAT
Highest Astronomical Tide HAT = 272 m
Waves (H max & T max):
Maximum wave height, RP1 yr - installation/hydrotes Hmax1 = 11.4 m
Associated maximum wave period, RP1 yr Tass1 = 10.1 s
Maximum wave height, RP100 yr - operational Hmax,100 = 16.9 m
Associated maximum wave period, RP100 yr Tass100 = 115 s
Buckling & Collapse Page 2 of 12



Project : NO5-A Pipeline design ®
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Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
— 0.0114
g 'Tz
. WL _ 0.0250
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th 2 Stokes 5th|
Maximum wave particle velocity Uwh Uym = 2.39 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 2.39 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 2m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.74 m/s
Storm surge, RP10 yr Ugs 10 = 0.84 m/s
Storm surge, RP100 yr Uss 100 = 0.96 m/s
Current velocity at reference height Ugr = 0.74 m/s
Angle of attack relative to pipeline axis oD 17 Oye = 90 deg
. . 7 .
Horizontal current velocity L to P/L s U gr ( nom J -sin (arye ) = Uch = 0.53 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 1822 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C

Collapse - external pressure only (K.3.3.5.1)

External implosion pipe collapse pressure (P.) given by:

External elastical pipe collapse pressure (P,):

External plastic pipe collapse pressure (Pp)

External implosion pipe collapse pressure (P,):

Maximum water column above mudline (WC.,)

Actual external pressure (P,)

Buckling & Collapse

WCmax =

(pc - pe)'(pc2 - pp2)= Pe- Pe- pp '2'50 S

Pe: 2E52 dnom)s -
1-v° 0D,
Pp — 2Rednum =
oD

nom

P. =

WDmax + O.5'Hmax’loo + HAT =

WCpax + Scpres =

e
dnom

34.0 N/mm2
29.2 N/mm?

16.0 N/mm?

40.85 m
0.4085 N/mm?

0.42 N/mm?

Page 3 of 12



Project : NO5-A Pipeline design ®
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File # : 19018-60-CAL-01003-02-01 - Buckling & Collapse calculations - 26m - installation flooded.xIsx
Client : ONE-Dyas
Client File # : 19018-60-CAL-01003-02-01 - Buckling & Collapse calculations - 26m - installation flooded.xIsx
Originator : EVW Checked
Date : 24/01/2020
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p Table 4 - NEN3656
Assessment: Yep Fr 5:}’*'“7‘ Where, Ogp = 1.05 -
Vm.p O = 0.93 -
gm’p = 1.45 -
P
Assessment:  ¥g, P < Tt = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

= 1.256E+06 N-m

Collapse - external pressure + bending moment only (K.3.3.5.3)

\ Table 4 - NEN3656

Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F% M-:: / gg,M = 1.55 -
Jmp SmM
Omp = 1.25 -
Omm = 1.15 -
Om = 0.93 -
n=1+ 300 dnoy/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

9.994E+05 N'm

Determination maximum span length due to bending only or bending & external pressure

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yy” (Fp + Fy)
Ws = submerged pipeline weight; Ws = 2109 N/m
Fo+F = 1822 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
gq= 3188 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 9.99E+05 N'm
Maximum span length, Lo = 56.0 m
Buckling & Collapse Page 4 of 12
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Progressive plastic collapse (K.3.3.6)

[ p 2 | - 2

R) | 3( 5 ] Re o3[ ]

A ment: —axaT<|[De g 3) T | 4 e lpg- 2| 7
ssessment: - fmax = [ E \ 7”@ E\ 3R

Temperature difference with ambient; DT = 11 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

P S, = 3.1 N/mm?
P 2- dmin P

| p
fma = AT <| Bel®) |'1—§|L?] Ay ,g—_._p]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0001 < 0.0033 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|

Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0, sh Table 3 - NEN3656 - BC4
gp = 1.15 -
gt = 1.1 -
N = -8.97E+05 N
I Lmax,bb = 93.1 m I

Buckling & Collapse Page 5 of 12
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Stokes 5th order wave theory

Water depth WD = 26 m (LAT)
Storm surge Ss = -1.02 m
Storm surge water level SWL=WD+ss = 24.98 m
Wave height H= 114 m
Wave period T= 10.1 s

Grav. Acceleration g= 9.81 m/s?
Deep water wave length L - g-T> = 159.3 m

2.7

Solving for wave length (L) and A

n-H L
SWL_S\/\/—L{KWL}“s‘Bss'F7‘5'(835+Bss)}:0 (1)
S S (280 o
0

Choosing L and solving for A in (Il) results in 4 roots for A

Estimate actual wave length, L 143.093 m
A=SWLT - 0.1568
B:SWL-tanh[z'“'SWL) = 0.1305
L L
A=%vX
%_—Ci-B *D
-~ 2.C,-B
D=(C,-B) -4-(C,-B)-(-(A-B)) = 0.1581

St.5th Page 6 of 12
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Date 1 24/01/2020
Revision : 01
- eq. (1) eq. (1)
A1 0.228 0.0005 0.0000
A2 Numerator of X <0
13 -0.228 2.8669 0.0000
A4 Numerator of X <0
Iltem Formula Value Unit
. 2-nt-WL
S s=sinh = 1.3304 -
2-mt-WL
c c=cosh = 1.6643 -
1
All A =5 0.7516 -
— 2 . . 2
A13 A _—etfset ) -1.2336 -
8-s°
10 . 8 A 6 . 4 . 2
A15=—1184 c 1440 -c® -1992 -c 1le2641 c"—249-c +18: 24101 -
1536 -s
A22 Ap = o 0.1197
? g.g ' )
8 6 4 2
768 -s"
A _13-4-¢"
A33 BT T T 0.0041 -
512 -c*® + 4224 -c¢* —6800 -c® —12808 -c® +16704 -c* —3154 -c® —107
A, - c” + c c = c2 + c c X -
4096 -s** -(6-c2 —1)
6 —_ . 4 . 2 —
Add A, :80 ¢’ -816 (1:0 +133§3 ¢’ -197 _ -0.0025 -
1536 - -(6-c2 -1}
St.5th Page 7 of 12
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File # : 19018-60-CAL-01003-02-01 - Buckling & Collapse calculations - 26m - installation flooded.xIsx
Client : ONE-Dyas
Client File # :
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A 2880 -c'® —72480 -c® +324000 -c® —432000 -c* +163470 -c? —16245 0.0003
* 61440 -s* -(6-c? —1)-(8-c* —11-¢? +3) e
2
B22 B,, =w= 1.1556 -
4.3
(272 .¢® -504 .¢® -192 .¢* +322.¢* +21
- Bz4=°< c? 500" 102 ¢ +322 ¢ ¢ ) —
384 s
6
B33 B, =3 (B0 +1)_ 1.4457 -

64-s®

B35

12288 -s'.(6-c? 1)

88128 -c'* — 208224 -c** +70848 -c'° +54000 -c® —21816 -c® +6264 -c* —54-c? —81

= 5.1727 -
10 .n8 . b .4 2 _
B44 B44:C'768 c'® 488 -c 489 c +:18 ¢’ +106-c® —21 _ ] -
384-5°-(6-c2 -1

g 192000 -c'® —26720 -c™* +83680 -c** +20160 ' —7280 -c” +7160 -c° ~1800 -c* ~1050 -¢* +225 _

55 — 10 4 2 2 B
12288 -s*°-(8-¢* —11-c2 +3)-(6-c2 1) _ el

8-c*—8-c”+9
c1 c, =2t = *7. 1.9240 -
8-s
3840 -c'® — 4096 -¢'® +2592 -c® —1008 -c® +5944 -c* —1830 -c® +147
C,= i L =l 8.9142 -
512 -5% .(6-c? —1)
1

Cy=— = - -

c3 =" Z s 0.1129

. 8 . 6 —_— . 4 - 2 —_—
ca 04:12 c® +36-c” —162 c9 +141-c 27: 01419 -
192 -c-s
K1 K,o=A-A, + 2% A+ 2° A= 0.1552 -
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K2 K,=A-A,, +A"A,, = 0.0065 -
K3 Ky=2Agu+ 2 Ay = 0.0001 -
K4 K,=2"A, = 0.0000 -
K5 Ky =2"-A, = 0.0000 -
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Horizontal wave particle velocities

Water depth at which data required, z 0.5080 m

(w.r.t. seabed)

Horizontal velocity, u,

5 .
u, ZE‘ZWKn ‘Cosh[n.ﬁ‘z}cos(n-(p)
T 3 L

Horizontal acceleration, a,, 1,

a 2-m-L S
S
¢ [deg.] uw [m/s]
0.00 2.3878
10.00 2.3427
20.00 2.2098
30.00 1.9965
40.00 1.7141
50.00 1.3773
60.00 1.0025
70.00 0.6068
80.00 0.2066
90.00 -0.1836
100.00 -0.5515
110.00 -0.8877
120.00 -1.1853
130.00 -1.4402
140.00 -1.6498
150.00 -1.8129
160.00 -1.9293
170.00 -1.9990
180.00 -2.0222
190.00 -1.9990
200.00 -1.9293
St.5th

aw_h [m/s?]

0.0000
0.3202
0.6227
0.8913
1.1129
1.2783
1.3832
1.4278
1.4167
1.3575
1.2596
1.1329
0.9867
0.8286
0.6646
0.4982
0.3316
0.1655
0.0000
-0.1655
-0.3316

n’-K, ocosh[n-%lj-sin(n-(p)

Velocity (m/s)

05 0
-1.0
-15
-2.0
-2.5

3.0

Hor. wave velocity (Stokes 5th)
uw [m/s] aw_h [m/s2]

2.5

20 1N

15

1.0
0.5

0.0

0\ 120 160 200_ 240 /?80_3_7 0

\\ /7\

~ 7

Wave phase angle (deg)
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210.00 -1.8129  -0.4982

220.00 -1.6498 -0.6646

230.00 -1.4402  -0.8286

240.00 -1.1853  -0.9867

250.00 -0.8877  -1.1329

260.00 -0.5515  -1.2596

270.00 -0.1836  -1.3575

280.00 0.2066  -1.4167

290.00 0.6068  -1.4278

300.00 1.0025 -1.3832

310.00 1.3773  -1.2783

320.00 1.7141  -1.1129

330.00 1.9965 -0.8913

340.00 2.2098 -0.6227

350.00 2.3427  -0.3202

360.00 2.3878 0.0000

U,m = Max. wave particle velocity =

St.5th

2.39 m/s
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Wave profile h(t)
n(t):TLn {r-cos(@)+ (32 -B,, +2* -B,, )-cos(20)+ (1° - By, +2° - By )-cos(39)+ 1* - By, -cos(4@)+ 1° - B - cos(5e)]

¢ (deg.) n(®) (m)

0.00 7.2865
10.00 7.0115
20.00 6.2418
30.00 5.1225
40.00 3.8366
50.00 2.5478 Wave profile (Stokes 5th)
60.00 13619 | g,
70.00 0.3219
80.00 05728 | 4, ™\ /|
90.00 -1.3376
100.00 19847 |, \ /
110.00 -2.5198 | g
120.00 -2.9504 5 20
130.00 -3.2916 §
140.00 35642 | § \ /
150.00 -3.7849 | 2 o 3 120 160 200 240 /4{0 320 360
160.00 -3.9567 | = 00 \
170.00 -4.0697 AN p
180.00 -4,1095
190.00 40697 | 40
200.00 -3.9567
210.00 37849 | 80
220.00 -3.5642 Wave phase angle (deg)
230.00 -3.2916
240.00 -2.9504
250.00 -2.5198
260.00 -1.9847
270.00 -1.3376
280.00 -0.5728
290.00 0.3219
300.00 1.3619
310.00 2.5478
320.00 3.8366
330.00 5.1225
340.00 6.2418
350.00 7.0115
360.00 7.2865
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Buckling and Collapse - 20in x 20.62mm - Hydrotest
Situation 3|
1. Installation: empty Hydrotest
2. Installation: filled
3. Hydrotest
4. Operational
| Pressure (barg) Temperature (deg. C)
Installation (Pj,, Ti) 2 15
Design (Pg, Ty) 111 50
Hydrotest (P;, T) 144 15
Pipeline properties
Nominal diameter ODyom = 20
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Max. OD deviation ODpmax.dev = 0.35 - dpyin ODpmax.dev = 7.22 mm
Min. OD deviation ODmin,dev =0.35- dmin ODmin,dev = 7.22 mm
Max. ovalised diameter ODppax = ODom + 0.35 - dmin ODpp = 515.217 mm
Min. ovalised diameter ODpjin = ODyom - 0.35 - dmin ODpin = 500.783 mm
Initial ovalisation 5 = 2Pmax = ODmin do = 0.014 -
0 ODmax+ ODmin
Cross sectional area of steel A= 31572 mm?
Moment of Inertia | = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fiol = 7.25 %
Minimum wall thickness Amin = nom {1 — fro} — CA drin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODyom + (ODpom = 2:tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness Anomp = 0.0 mm
Coating data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
Buckling & Collapse Page 1 of 12
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Material = L360NB

Design temperature Ty = 15 °C

Yield at ambient temperature Re = 360.00 N/mm?

Yield at design temperature Reg = 360.00 N/mm?

Density Pst = 7850 kg/m®

Youngs modulus Es = 210000 N/mm?

Poisson's ratio u = 0.3 -

Linear thermal expansion coefficient a= 1.16E-05 m/m/°C

Contents

Sea water density 1025 kg/m?®

Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: 1025 kg/m?®

Pipeline Weights

Plpe“ne Welght nar WP:'.‘JS = {AS " Ps + Acoar " Peoatr + Ainsfr’!s ) pcontsnr} g Wpl,a = 41958 N/m

Piggyback weight in air Wpga = 0.0 N/m

Buoyancy force pipeline F, = %_ 0D, - pooroser * Fep = 2086.5 N/m

Buoyancy force piggyback Fepo = 0.0 N/m

Submerged pipeline weight,empty Wpise = 388.8 N/m

Submerged piggyback weight Wigs = 0.0 N/m

Total submerged bundle weight,empty Wrse = 388.8 N/m

Total submerged bundle weight,water filled Wrsr = 2109.4 N/m

Soil

Submerged density Pes = 1000 kg/m?

Depth of burial dy = 0.80 m

Soil cover pressure SCpres = lss X dp X g SCpres = 0.008 N/mm?

Environmental conditions

Water depths:

Seawater density Psw = 1025 kg/m3

Maximum water depth WD pax = 29.68 m LAT

Minimum water depth WDpin = 26 m LAT

Other water depth (to be used for calculations) WD =| 26]m LAT

Storm surge, RP1 yr SSyyr = -1.02 m LAT

Storm surge, RP100 yr SS100yr = -1.79 m LAT

Storm surge water level SSWL =WD +ss SSWL = 24.98 m LAT

Highest Astronomical Tide HAT = 272 m

Waves (H max & T max):

Maximum wave height, RP1 yr - installation/hydrotes Hmax1 = 11.4 m

Associated maximum wave period, RP1 yr Tass1 = 10.1 s

Maximum wave height, RP100 yr - operational Hmax,100 = 16.9 m

Associated maximum wave period, RP100 yr Tass100 = 115 s

Buckling & Collapse Page 2 of 12
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Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
— 0.0114
g 'Tz
. WL _ 0.0250
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th 2 Stokes 5th|
Maximum wave particle velocity Uwh Uym = 2.39 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 2.39 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 2m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.74 m/s
Storm surge, RP10 yr Ugs 10 = 0.84 m/s
Storm surge, RP100 yr Uss 100 = 0.96 m/s
Current velocity at reference height Ugr = 0.74 m/s
Angle of attack relative to pipeline axis oD 17 Oye = 90 deg
. . 7 .
Horizontal current velocity L to P/L s U gr ( nom J -sin (arye ) = Uch = 0.53 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 1822 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C

Collapse - external pressure only (K.3.3.5.1)

External implosion pipe collapse pressure (P.) given by:

External elastical pipe collapse pressure (P,):

External plastic pipe collapse pressure (Pp)

External implosion pipe collapse pressure (P,):

Maximum water column above mudline (WC.,)

Actual external pressure (P,)

Buckling & Collapse

WCmax =

(pc - pe)'(pc2 - pp2)= Pe- Pe- pp '2'50 S

Pe: 2E52 dnom)s -
1-v° 0D,
Pp — 2Rednum =
oD

nom

P. =

WDmax + O.5'Hmax’loo + HAT =

WCpax + Scpres =

e
dnom

34.0 N/mm2
29.2 N/mm?

16.0 N/mm?

40.85 m
0.4085 N/mm?

0.42 N/mm?
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p Table 4 - NEN3656
Assessment: Yep Fr 5:}’*'“7‘ Where, Ogp = 1.05 -
Vm.p O = 0.93 -
gm’p = 1.45 =
P
Assessment: Vg, P < Y = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

= 1.256E+06 N-m

Collapse - external pressure + bending moment only (K.3.3.5.3)

\ Table 4 - NEN3656

Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F% M-:: / gg,M = 1.55 -
Jmp SmM
Omp = 1.25 -
Omm = 1.15 -
Om = 0.93 -
n=1+ 300 dnoy/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

9.994E+05 N'm

Determination maximum span length due to bending only or bending & external pressure

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yy” (Fp + Fy)
Ws = submerged pipeline weight; Ws = 2109 N/m
Fo+F = 1822 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
gq= 3188 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 9.99E+05 N'm
Maximum span length, Lo = 56.0 m
Buckling & Collapse Page 4 of 12
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Progressive plastic collapse (K.3.3.6)

R.(0) |

L3( > R o 3(a )
Assessment: %Fwﬂ% = 1UI1—Z|\R:59}] +?\'|U'Q_Zig_z]1
Temperature difference with ambient; DT = 11 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

0. S, = 219.6 N/mm?
P 2 dmin P

f p 3
£nee —axAT <| Rel®) |'1—§|L‘?] + e ||U,9——|—D]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0001 < 0.0028 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|

Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0p *Sh Table 3 - NEN3656 - BC4
Op = 1.15 -
O = 1.1 -
N = 1.46E+06 N

No compressive

Lmaxbb = force

Buckling & Collapse Page 5 of 12
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Stokes 5th order wave theory

Water depth WD = 26 m (LAT)
Storm surge Ss = -1.02 m
Storm surge water level SWL=WD+ss = 24.98 m
Wave height H= 114 m
Wave period T= 10.1 s

Grav. Acceleration g= 9.81 m/s?
Deep water wave length L - g-T> = 159.3 m

2.7

Solving for wave length (L) and A

n-H L
SWL_S\/\/—L{KWL}“s‘Bss'F7‘5'(835+Bss)}:0 (1)
S S (280 o
0

Choosing L and solving for A in (Il) results in 4 roots for A

Estimate actual wave length, L 143.093 m
A=SWLT - 0.1568
B:SWL-tanh[z'“'SWL) = 0.1305
L L
A=%vX
%_—Ci-B *D
-~ 2.C,-B
D=(C,-B) -4-(C,-B)-(-(A-B)) = 0.1581

St.5th Page 6 of 12
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- eq. (1) eq. (1)
Al 0.228 0.0005 0.0000
A2 Numerator of X <0
A3 -0.228 2.8669 0.0000
A4 Numerator of X <0
Iltem Formula Value Unit
. 2-t-WL
S s=sinh = 1.3304 -
2-n-WL
c c=cosh = 1.6643 -
1
All A :§: 0.7516 -
— 2 . . 2
A13 A _—etfset ) -1.2336 -
8.s°
10 _ . 8 _ A 6 . 4 _ . 2
A15=—1184 c 1440 -¢c® -1992 -c 1le2641 c'—-249-c +18: 24101 -
1536 -s
A22 Ay == 0.1197
2 g.g ' )
8 6 4 2
768 -s™°
A _13-4-¢"
A33 BT T T 0.0041 -
512 -c'? + 4224 -c* —6800 -c® —12808 - c® +16704 -c* —3154 -c? —107
A, - c” + c c = c2 + c c X -
4096 -s** -(6-c2 —1)
6 —_ . 4 . 2 —
Add A, :80 c° -816 (1:0 +133§3 ¢ -197 _ -0.0025 -
1536 - -(6-c2 -1}
St.5th Page 7 of 12
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A 2880 -c'® —72480 -c® +324000 -c® —432000 -c* +163470 -c? —16245 0.0003
* 61440 -s* -(6-c? —1)-(8-c* —11-¢? +3) e
2
B22 B,, =w= 1.1556 -
4.3
8 0 Lt .2
- 5 (272.¢® —504 ¢ 192.¢" + 322 v21) —
384 s
6
B33 B, =3 (B0 +1)_ 1.4457 -

64-s®

B35

12288 -s'.(6-c? 1)

88128 -c'* — 208224 -c** +70848 -c'° +54000 -c® —21816 -c® +6264 -c* —54-c? —81

= 5.1727 -
10 .n8 . b .4 2 _
B44 B44:C'768 c'® 488 -c 489 c +:18 ¢’ +106-c® —21 _ ] -
384-5°-(6-c2 -1

g 192000 -c'® —26720 -c™* +83680 -c** +20160 ' —7280 -c” +7160 -c° ~1800 -c* ~1050 -¢* +225 _

55 — 10 4 2 2 B
12288 -s*°-(8-¢* —11-c2 +3)-(6-c2 1) _ el

8-c*—8-c”+9
c1 c, =2t = *7. 1.9240 -
8-s
3840 -c'® — 4096 -¢'® +2592 -c® —1008 -c® +5944 -c* —1830 -c® +147
C,= i L =l 8.9142 -
512 -5% .(6-c? —1)
1

Cy=— = - -

c3 =" Z s 0.1129

. 8 . 6 —_— . 4 - 2 —_—
ca 04:12 c® +36-c” —162 c9 +141-c 27: 01419 -
192 -c-s
K1 K,o=A-A, + 2% A+ 2° A= 0.1552 -
St.5th Page 8 of 12
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K2 K,=A-A,, +A"A,, = 0.0065 -
K3 Ky=2Agu+ 2 Ay = 0.0001 -
K4 K,=x"A, = 0.0000 -
K5 Ky =2"-A, = 0.0000 -

St.5th Page 9 of 12
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Horizontal wave particle velocities

Water depth at which data required, z 0.5080 m

(w.r.t. seabed)

Horizontal velocity, u,

5 .
u, ZE‘ZWKn ‘Cosh[n.ﬁ‘z}cos(n-(p)
T 3 L

Horizontal acceleration, a,, 1,

a 2-m-L S
S
¢ [deg.] uw [m/s]
0.00 2.3878
10.00 2.3427
20.00 2.2098
30.00 1.9965
40.00 1.7141
50.00 1.3773
60.00 1.0025
70.00 0.6068
80.00 0.2066
90.00 -0.1836
100.00 -0.5515
110.00 -0.8877
120.00 -1.1853
130.00 -1.4402
140.00 -1.6498
150.00 -1.8129
160.00 -1.9293
170.00 -1.9990
180.00 -2.0222
190.00 -1.9990
200.00 -1.9293
St.5th

aw_h [m/s?]

0.0000
0.3202
0.6227
0.8913
1.1129
1.2783
1.3832
1.4278
1.4167
1.3575
1.2596
1.1329
0.9867
0.8286
0.6646
0.4982
0.3316
0.1655
0.0000
-0.1655
-0.3316

n’-K, ocosh[n-%lj-sin(n-(p)

Velocity (m/s)

05 0
-1.0
-15
-2.0
-2.5

3.0

Hor. wave velocity (Stokes 5th)
uw [m/s] aw_h [m/s2]

2.5

20 1N

15

1.0
0.5

0.0

0\ 120 160 200_ 240 /?80_3_7 0

\\ /7\

~ 7

Wave phase angle (deg)
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210.00 -1.8129  -0.4982

220.00 -1.6498 -0.6646

230.00 -1.4402  -0.8286

240.00 -1.1853  -0.9867

250.00 -0.8877  -1.1329

260.00 -0.5515  -1.2596

270.00 -0.1836  -1.3575

280.00 0.2066  -1.4167

290.00 0.6068  -1.4278

300.00 1.0025 -1.3832

310.00 1.3773  -1.2783

320.00 1.7141  -1.1129

330.00 1.9965 -0.8913

340.00 2.2098 -0.6227

350.00 2.3427  -0.3202

360.00 2.3878 0.0000

U,m = Max. wave particle velocity =

St.5th

2.39 m/s
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Wave profile h(t)

n(t)= 2—"71 {r-cos(@)+ (32 -B,, +2* -B,, )-cos(20)+ (1° - By, +2° - By )-cos(39)+ 1* - By, -cos(4@)+ 1° - B - cos(5e)]

¢ (deg.)
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.00
110.00
120.00
130.00
140.00
150.00
160.00
170.00
180.00
190.00
200.00
210.00
220.00
230.00
240.00
250.00
260.00
270.00
280.00
290.00
300.00
310.00
320.00
330.00
340.00
350.00
360.00

St.5th

n(®) (m)
7.2865
7.0115
6.2418
5.1225
3.8366
2.5478
1.3619
0.3219
-0.5728
-1.3376
-1.9847
-2.5198
-2.9504
-3.2916
-3.5642
-3.7849
-3.9567
-4.0697

-4.1095
-4.0697
-3.9567
-3.7849
-3.5642
-3.2916
-2.9504
-2.5198
-1.9847
-1.3376
-0.5728
0.3219
1.3619
2.5478
3.8366
5.1225
6.2418
7.0115
7.2865

Wave elevation (m)

0
o

o
[=}

>
o

g
[=}

©
[=}

N
o

A
o

o
o

Wave profile (Stokes 5th)

S\ 120 160 200

24

10 /4{0 320 360

Wave phase angle (deg)
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Buckling and Collapse - 20in x 20.62mm - Operational
Situation |
1. Installation: empty Operational
2. Installation: filled
3. Hydrotest
4. Operational
| Pressure (barg) Temperature (deg. C)
Installation (Pj,, Ti) 2 15
Design (Pg, Ty) 111 50
Hydrotest (P;, T) 144 15
Pipeline properties
Nominal diameter ODyom = 20
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Max. OD deviation ODpmax.dev = 0.35 - dpyin ODpmax.dev = 7.22 mm
Min. OD deviation ODmin,dev =0.35- dmin ODmin,dev = 7.22 mm
Max. ovalised diameter ODppax = ODom + 0.35 - dmin ODpp = 515.217 mm
Min. ovalised diameter ODpjin = ODyom - 0.35 - dmin ODpin = 500.783 mm
Initial ovalisation 5 = 2Pmax = ODmin do = 0.014 -
0 ODmax+ ODmin
Cross sectional area of steel A= 31572 mm?
Moment of Inertia | = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fiol = 7.25 %
Minimum wall thickness Amin = nom {1 — fro} — CA drin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODyom + (ODpom = 2:tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness Anomp = 0.0 mm
Coating data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
Buckling & Collapse Page 1 of 5
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Material = L360NB

Design temperature Ty = 50 °C

Yield at ambient temperature Re = 360.00 N/mm?

Yield at design temperature Reg = 360.00 N/mm?

Density Pst = 7850 kg/m®

Youngs modulus Es = 210000 N/mm?

Poisson's ratio u = 0.3 -

Linear thermal expansion coefficient a= 1.16E-05 m/m/°C

Contents

Sea water density 1025 kg/m?®

Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: Operational 96.1 kg/m®

Pipeline Weights

Plpe“ne Welght Inar wp:'ps = {AS " Ps + Acoar " Peoat + Ainsfr’!s ) pcontsnr} g Wpl,a = 26366 N/m

Piggyback weight in air Wpga = 0.0 N/m

Buoyancy force pipeline F, = %_ 0D, - pooroser * Fep = 2086.5 N/m

Buoyancy force piggyback Fepo = 0.0 N/m

Submerged pipeline weight,empty Wpise = 388.8 N/m

Submerged piggyback weight Wigs = 0.0 N/m

Total submerged bundle weight,empty Wrse = 388.8 N/m

Total submerged bundle weight,water filled Wrsr = 2109.4 N/m

Soil

Submerged density Pss = 1000 kg/m’

Depth of burial dy = 0.80 m

Soil cover pressure SCpres = Tss Xdy X g SCpres = 0.008 N/mm?

Environmental conditions

Water depths:

Seawater density Psw = 1025 kg/m3

Maximum water depth WD pax = 11.5 m LAT

Minimum water depth WDpin = 8 m LAT

Other water depth (to be used for calculations) WD =| 8]m LAT

Storm surge, RP1 yr SSyyr = -0.14 m LAT

Storm surge, RP100 yr SS100yr = -0.78 m LAT

Storm surge water level SSWL =WD +ss SSWL = 7.22 m LAT

Highest Astronomical Tide HAT = 35 m

Waves (H max & T max):

Maximum wave height, RP1 yr - installation/hydrotes Himax,1 = 52m

Associated maximum wave period, RP1 yr Tass1 = 7.7 s

Maximum wave height, RP100 yr - operational Hmax,100 = 6.2 m

Associated maximum wave period, RP100 yr Tass100 = 8.1s

Buckling & Collapse Page 2 of 5
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Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
= 0.0096
g 'Tz
. SWL2 = 0.0112
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th Wave particle velocity from metocean data
Maximum wave particle velocity Uwh Uym = 1.60 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 1.60 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 1m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.89 m/s
Storm surge, RP10 yr Uss 10 = 1 m/s
Storm surge, RP100 yr Uss 100 = 1.12 m/s
Current velocity at reference height Ugr = 1.12 m/s
Angle of attack relative to pipeline axis . oD 17 Oye = 90 deg
Horizontal current velocity L to P/L . U gr (ﬂJ -sin (arye ) = Uch = 0.89 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 1372 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C
Collapse - external pressure only (K.3.3.5.1) o)
- external N 2 2 By
External implosion pipe collapse pressure (P.) given by: (pc — pe)-(pC —Pp )= Pe - Pe - Pp 2-0y —
dnom
External elastical pipe collapse pressure (P,): P, = ZESZ mf = 34.0 N/mm?
1-v° 0D,
External plastic pipe collapse pressure (Pp) P, = ZC';;A = 29.2 N/mm?2
External implosion pipe collapse pressure (P,): P. = 16.0 N/mm?
Maximum water column above mudline (WC.,) WCax = WDpax + 0.5-Hax 100 + HAT = 18.1 m
0.181 N/mm?
Actual external pressure (P,) WCax + SCpres = 0.19 N/mm?

Buckling & Collapse

Page 3 of 5



Project : NO5-A Pipeline design ®
Project # 10018 enersea
Subject : Buckling and Collapse
File # : 19018-60-CAL-01003-04-01 - Buckling & Collapse calculations - 8m - operation.xIsx
Client : ONE-Dyas
Client File # : 19018-60-CAL-01003-04-01 - Buckling & Collapse calculations - 8m - operation.xIsx
Originator : EVW Checked
Date : 27/01/2020
Revision 101
p Table 4 - NEN3656
Assessment: Yer Ir <YuLe Where, 9gp = 1.05 -
Vmp O = 0.93 -
gm’p = 1.45 -
P
Assessment:  ¥g, P < T L = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm
= 1.256E+06 N'm
Collapse - external pressure + bending moment only (K.3.3.5.3)
f Table 4 - NEN3656
Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F'c/ M,/ Ugm = 155 -
Smp SmM
gm’p = 1.25 =
OmMm = 1.15 -
Ov = 0.93 -
n=1+300 - dnom/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

Determination maximum span length due to bending only or bending & external pressure

1.001E+06 N'm

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yy” (Fp + Fy)
Ws = submerged pipeline weight; Ws = 389 N/m
Fo+F = 1372 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
q-= 1700 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 1.00E+06 N'm
Maximum span length, Liax = 76.7 m
Buckling & Collapse Page 4 of 5
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Progressive plastic collapse (K.3.3.6)

[ p 2 | - 2

R) | 3( 5 ] Re o3[ ]

A ment: —axaT<|[De g 3) T | 4 e lpg- 2| 7
ssessment: - fmax = [ E \ 7”@ E\ 3R

Temperature difference with ambient; DT = 46 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

o. S, = 169.3 N/mm?
P 2- dmin P mm

| p
fma = AT <| Bel®) |'1—§|L?] Ay ,g—_._p]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0005 < 0.0030 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|
Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0p *Sh Table 3 - NEN3656 - BC4
gp = 1.15 -
gt = 11 -
N = -2.05E+06 N
I Limax,ob = 61.7 m |
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File # : 19018-60-CAL-01003-05-01 - Buckling & Collapse calculations - 8m - installation flooded.xIsx
Client : ONE-Dyas
Client File # : 19018-60-CAL-01003-05-01 - Buckling & Collapse calculations - 8m - installation flooded.xIsx
Originator : EVW
Date : 27/01/2020
Revision 101
Buckling and Collapse - 20in x 20.62mm - Installation: filled
Situation 2|

1. Installation: empty
2. Installation: filled
3. Hydrotest

4. Operational

Pressure (barg)

Temperature (deg. C)

Installation (P;,, Tin)
Design (Pg, Ty)
Hydrotest (P, Ty)

Pipeline properties
Nominal diameter
Nominal diameter
Nominal wall thickness
Max. OD deviation
Min. OD deviation
Max. ovalised diameter
Min. ovalised diameter
Initial ovalisation

Cross sectional area of steel

Moment of Inertia

Corrosion allowance
Fabrication Tolerance

Minimum wall thickness
Average pipe diameter

Piggyback
Nominal diameter

Nominal wall thickness

Coating data
Thickness line pipe
Thickness piggyback
Density

Constants
gravitational acceleration

Buckling & Collapse

2
111
144

Appin =

15
50
15

ODmax,dev =0.35- dmin
ODmin,dev =0.35- dmin

ODpax = ODom + 0.35 - dmin
ODyin = ODpgm - 0.35 - dmin

ODmax — ODmin
ODmax+ ODmin

50:

pom {1 — fra} — CA

ODg =1/2 - {ODnom + (ODnom

tin)}

ODyom =
ODyom =
dnom =
ODax,dev =
ODyindev =
ODpax =
ODpin =
do =

A =

CA =
ftol -
dmin =

0Dy =

ODnom,p =

dnom,p =

Installation: filled

20

508 mm
20.62 mm
7.22 mm
7.22 mm
515.217 mm
500.783 mm

0.014 -

31572 mm?
939135656 mm*

3 mm
7.25 %
16.1 mm

491.9 mm

0 mm
0.0 mm

3 mm
0 mm

930 kg/m®

9.81 m/s®
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Originator : EVW Checked

Date : 27/01/2020

Revision 101

Material = L360NB

Design temperature Ty = 15 °C

Yield at ambient temperature Re = 360.00 N/mm?

Yield at design temperature Reg = 360.00 N/mm?

Density Pst = 7850 kg/m®

Youngs modulus Es = 210000 N/mm?

Poisson's ratio u = 0.3 -

Linear thermal expansion coefficient a= 1.16E-05 m/m/°C

Contents

Sea water density 1025 kg/m?®

Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: Installation: filled 1025 kg/m?®

Pipeline Weights

Plpe“ne Welght nar WP:'.‘JS = {AS " Ps + Acoar " Peoatr + Ainsfr’!s ) pcontsnr} g Wpl,a = 41958 N/m

Piggyback weight in air Wpga = 0.0 N/m

Buoyancy force pipeline F, = %_ OD2, - pevoacer * Fep = 2086.5 N/m

Buoyancy force piggyback Fepo = 0.0 N/m

Submerged pipeline weight,empty Wpise = 388.8 N/m

Submerged piggyback weight Wigs = 0.0 N/m

Total submerged bundle weight,empty Wrse = 388.8 N/m

Total submerged bundle weight,water filled Wrsr = 2109.4 N/m

Soil

Submerged density Pss = 1000 kg/m’

Depth of burial dy = 0.80 m

Soil cover pressure SCpres = Tss Xdy X g SCpres = 0.008 N/mm?

Environmental conditions

Water depths:

Seawater density Psw = 1025 kg/m3

Maximum water depth WD pax = 11.5 m LAT

Minimum water depth WDpin = 8 m LAT

Other water depth (to be used for calculations) WD =| 8]m LAT

Storm surge, RP1 yr SSyyr = -0.14 m LAT

Storm surge, RP100 yr SS100yr = -0.78 m LAT

Storm surge water level SSWL =WD +ss SSWL = 7.86 m LAT

Highest Astronomical Tide HAT = 35 m

Waves (H max & T max):

Maximum wave height, RP1 yr - installation/hydrotes Himax,1 = 52m

Associated maximum wave period, RP1 yr Tass1 = 7.7 s

Maximum wave height, RP100 yr - operational Hmax,100 = 6.2 m

Associated maximum wave period, RP100 yr Tass100 = 8.1s
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File # : 19018-60-CAL-01003-05-01 - Buckling & Collapse calculations - 8m - installation flooded.xIsx
Client : ONE-Dyas
Client File # : 19018-60-CAL-01003-05-01 - Buckling & Collapse calculations - 8m - installation flooded.xIsx
Originator : EVW Checked
Date : 27/01/2020
Revision 101
Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
max
> = 0.0089
g 'Tz
. WL _ 0.0135
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th Wave particle velocity from metocean data
Maximum wave particle velocity Uwh Uym = 1.30 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 1.30 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 1m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.89 m/s
Storm surge, RP10 yr Uss 10 = 1 m/s
Storm surge, RP100 yr Uss 100 = 1.12 m/s
Current velocity at reference height Ugr = 0.89 m/s
Angle of attack relative to pipeline axis oD 17 Oye = 90 deg
. . 7 .
Horizontal current velocity L to P/L . U gr (ﬂJ sin(ay )= Ugp = 0.71 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 891 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C
Collapse - external pressure only (K.3.3.5.1) o)
External implosion pipe collapse pressure (P.) given by: ( — )( 2_ 2)— ‘P Py 2- 0 —Dg
c Y. Pe—=Pe) \Pc —Pp )= Pc P Pp °"
nom
External elastical pipe collapse pressure (P,): P, = 2E, mf = 34.0 N/mm?
1-v? 0D,

External plastic pipe collapse pressure (Pp) P, = ZC';;A = 29.2 N/mm?2
External implosion pipe collapse pressure (P,): P. = 16.0 N/mm?
Maximum water column above mudline (WC.,) WCax = WDpax + 0.5-Hax 100 + HAT = 18.1 m

0.181 N/mm?
Actual external pressure (P,) WCax + SCpres = 0.19 N/mm?
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File # : 19018-60-CAL-01003-05-01 - Buckling & Collapse calculations - 8m - installation flooded.xIsx
Client : ONE-Dyas
Client File # : 19018-60-CAL-01003-05-01 - Buckling & Collapse calculations - 8m - installation flooded.xIsx
Originator : EVW Checked
Date : 27/01/2020
Revision 101
p Table 4 - NEN3656
Assessment: Yep Fr <YuLe Where, Ogp = 1.05 -
Ym.p w = 0.93 -
gm’p = 1.45 =
P
Assessment:  ¥g, P < T L = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

= 1.256E+06 N-m

Collapse - external pressure + bending moment only (K.3.3.5.3)
f Table 4 - NEN3656

Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F% M-:: / gg,M = 1.55 -
Jmp SmM
Omp = 1.25 -
Omm = 1.15 -
Om = 0.93 -
n=1+ 300 dnoy/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

1.001E+06 N'm

Determination maximum span length due to bending only or bending & external pressure

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yg (Fp+Fy)
Ws = submerged pipeline weight; Ws = 2109 N/m
FD + F| = 891 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
q-= 2555 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 1.00E+06 N'm
Maximum span length, Lo = 62.6 m
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Progressive plastic collapse (K.3.3.6)

[ p 2 | - 2

R) | 3( 5 ] Re o3[ ]

A ment: —axaT<|[De g 3) T | 4 e lpg- 2| 7
ssessment: - fmax = [ E \ 7”@ E\ 3R

Temperature difference with ambient; DT = 11 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

P S, = 3.1 N/mm?
P 2- dmin P

| p
fma = AT <| Bel®) |'1—§|L?] Ay ,g—_._p]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0001 < 0.0033 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|

Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0, sh Table 3 - NEN3656 - BC4
gp = 1.15 -
gt = 1.1 -
N = -8.97E+05 N
I Lmax,bb = 93.1 m I
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Buckling and Collapse - 20in x 20.62mm - Hydrotest
Situation 3|
1. Installation: empty Hydrotest
2. Installation: filled
3. Hydrotest
4. Operational
| Pressure (barg) Temperature (deg. C)
Installation (Pj,, Ti) 2 15
Design (Py, Ty) 111 50
Hydrotest (P;, T) 144 15
Pipeline properties
Nominal diameter ODpom = 20
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Max. OD deviation ODpmax.dev = 0.35 - dpyin ODpmax.dev = 7.22 mm
Min. OD deviation ODmin,dev =0.35- dmin ODmin,dev = 7.22 mm
Max. ovalised diameter ODppax = ODom + 0.35 - dmin ODpp = 515.217 mm
Min. ovalised diameter ODpjin = ODyom - 0.35 - dmin ODpin = 500.783 mm
Initial ovalisation 5 = 2Pmax = ODmin do = 0.014 -
0 ODmax+ ODmin
Cross sectional area of steel A= 31572 mm?
Moment of Inertia | = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fiol = 7.25 %
Minimum wall thickness Amin = nom {1 — fro} — CA drin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODyom + (ODpom = 2:tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness Anomp = 0.0 mm
Coating data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
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Date : 27/01/2020

Revision 101

Material = L360NB

Design temperature Ty = 15 °C

Yield at ambient temperature Re = 360.00 N/mm?

Yield at design temperature Reg = 360.00 N/mm?

Density Pst = 7850 kg/m®

Youngs modulus Es = 210000 N/mm?

Poisson's ratio u = 0.3 -

Linear thermal expansion coefficient a= 1.16E-05 m/m/°C

Contents

Sea water density 1025 kg/m?®

Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: 1025 kg/m?®

Pipeline Weights

Plpe“ne Welght Inair wp:'ps = {AS " Ps + Acoar " Peoatr + Ainsfr’!s ) pcontsnr} g Wpl,a = 41958 N/m

Piggyback weight in air Wpga = 0.0 N/m

Buoyancy force pipeline F, = %_ 0D, - pooroser * Fep = 2086.5 N/m

Buoyancy force piggyback Fepo = 0.0 N/m

Submerged pipeline weight,empty Wpise = 388.8 N/m

Submerged piggyback weight Wigs = 0.0 N/m

Total submerged bundle weight,empty Wrse = 388.8 N/m

Total submerged bundle weight,water filled Wrsr = 2109.4 N/m

Soil

Submerged density Pss = 1000 kg/m’

Depth of burial dy = 0.80 m

Soil cover pressure SCpres = lss X dp X g SCpres = 0.008 N/mm?

Environmental conditions

Water depths:

Seawater density Psw = 1025 kg/m3

Maximum water depth WD pax = 11.5 m LAT

Minimum water depth WDpin = 8 m LAT

Other water depth (to be used for calculations) WD =| 8]m LAT

Storm surge, RP1 yr SSyyr = -0.14 m LAT

Storm surge, RP100 yr SS100yr = -0.78 m LAT

Storm surge water level SSWL =WD +ss SSWL = 7.86 m LAT

Highest Astronomical Tide HAT = 35 m

Waves (H max & T max):

Maximum wave height, RP1 yr - installation/hydrotes Himax,1 = 52m

Associated maximum wave period, RP1 yr Tass1 = 7.7 s

Maximum wave height, RP100 yr - operational Hmax,100 = 6.2 m

Associated maximum wave period, RP100 yr Tass100 = 8.1s
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Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
= 0.0089
g 'Tz
. WL _ 0.0135
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th Wave particle velocity from metocean data
Maximum wave particle velocity Uwh Uym = 1.30 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 1.30 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 1m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.89 m/s
Storm surge, RP10 yr Uss 10 = 1 m/s
Storm surge, RP100 yr Uss 100 = 1.12 m/s
Current velocity at reference height Ugr = 0.89 m/s
Angle of attack relative to pipeline axis . oD 17 Oye = 90 deg
Horizontal current velocity L to P/L . U gr (ﬂJ sin(ay )= Ugp = 0.71 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 891 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C
Collapse - external pressure only (K.3.3.5.1) o)
- external N 2 2 By
External implosion pipe collapse pressure (P.) given by: (pc — pe)-(pC —Pp )= Pe - Pe - Pp 2-0y —
dnom
External elastical pipe collapse pressure (P,): P, = ZESZ mf = 34.0 N/mm?
1-v° 0D,
External plastic pipe collapse pressure (Pp) P, = ZC';;A = 29.2 N/mm?2
External implosion pipe collapse pressure (P,): P. = 16.0 N/mm?
Maximum water column above mudline (WC.,) WCax = WDpax + 0.5-Hax 100 + HAT = 18.1 m
0.181 N/mm?
Actual external pressure (P,) WCax + SCpres = 0.19 N/mm?

Buckling & Collapse
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File # : 19018-60-CAL-01003-06-01 - Buckling & Collapse calculations - 8m - hydrotest.xIsx
Client : ONE-Dyas
Client File # : 19018-60-CAL-01003-06-01 - Buckling & Collapse calculations - 8m - hydrotest.xlsx
Originator : EVW Checked
Date : 27/01/2020
Revision 101
p Table 4 - NEN3656
Assessment: Yep Fr 5:}’*'“7‘ Where, Ogp = 1.05 -
Vm.p O = 0.93 -
gm’p = 1.45 =
P
Assessment:  ¥g, P < Tt = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

Collapse - external pressure + bending moment only (K.3.3.5.3)

\ Table 4
Assessment:  Fop*FPL | Yam* M < Where, Ogp =
F% II1"':ii-:: i gg,M =
Jmp SmM
Omp =
Omm =
Om =
n=1+ 300 dnoy/ ODy n=
Maximum allowable bending moment (M p,) My b =

Determination maximum span length due to bending only or bending & external pressure

1.256E+06 N'm

- NEN3656

1.05 -
1.55 -
1.25 -
1.15 -
0.93 -
13.6 -

1.0E+09 N-mm
1.001E+06 N'm

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yg (Fp+Fy)
Ws = submerged pipeline weight; Ws = 2109 N/m
FD + F| = 891 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
q-= 2555 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 1.00E+06 N'm
Maximum span length, Liax = 62.6 m
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Progressive plastic collapse (K.3.3.6)

R.(0) |

L3( > R o 3(a )
Assessment: %Fwﬂ% = 1UI1—Z|\R:59}] +?\'|U'Q_Zig_z]1
Temperature difference with ambient; DT = 11 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

0. S, = 219.6 N/mm?
P 2 dmin P

f p 3
£nee —axAT <| Rel®) |'1—§|L‘?] + e ||U,9——|—D]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0001 < 0.0028 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|

Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0p *Sh Table 3 - NEN3656 - BC4
Op = 1.15 -
O = 1.1 -
N = 1.46E+06 N

No compressive

Lmaxbb = force
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Buckling and Collapse - 20in x 20.62mm - Operational
Situation |
1. Installation: empty Operational
2. Installation: filled
3. Hydrotest
4. Operational
| Pressure (barg) Temperature (deg. C)
Installation (Pj,, Ti) 2 15
Design (Py, Ty) 111 50
Hydrotest (P;, T) 144 15
Pipeline properties
Nominal diameter ODyom = 20
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Max. OD deviation ODpmax.dev = 0.35 - dpyin ODpmax.dev = 7.22 mm
Min. OD deviation ODmin,dev =0.35- dmin ODmin,dev = 7.22 mm
Max. ovalised diameter ODppax = ODom + 0.35 - dmin ODpp = 515.217 mm
Min. ovalised diameter ODpjin = ODyom - 0.35 - dmin ODpin = 500.783 mm
Initial ovalisation 5 = 2Pmax = ODmin do = 0.014 -
0 ODmax+ ODmin
Cross sectional area of steel A= 31572 mm?
Moment of Inertia | = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fiol = 7.25 %
Minimum wall thickness Amin = nom {1 — fro} — CA drin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODyom + (ODpom = 2:tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness Anomp = 0.0 mm
Coating data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
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Material = L360NB

Design temperature Ty = 50 °C

Yield at ambient temperature Re = 360.00 N/mm?

Yield at design temperature Reg = 360.00 N/mm?

Density Pst = 7850 kg/m®

Youngs modulus Es = 210000 N/mm?

Poisson's ratio u = 0.3 -

Linear thermal expansion coefficient a= 1.16E-05 m/m/°C

Contents

Sea water density 1025 kg/m?®

Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: Operational 96.1 kg/m®

Pipeline Weights

Plpe“ne Welght in air WP:'.‘JS = {AS " FPs + Acoar " Pooat + Ainsfr’!s - pcontsnr} g Wpl,a = 26366 N/m

Piggyback weight in air Wpga = 0.0 N/m

Buoyancy force pipeline F, = %_ OD2, - pevoacer * Fep = 2086.5 N/m

Buoyancy force piggyback Fepo = 0.0 N/m

Submerged pipeline weight,empty Wpise = 388.8 N/m

Submerged piggyback weight Wigs = 0.0 N/m

Total submerged bundle weight,empty Wrse = 388.8 N/m

Total submerged bundle weight,water filled Wrsr = 2109.4 N/m

Soil

Submerged density Pss = 1000 kg/m’

Depth of burial dy = 0.80 m

Soil cover pressure SCpres = Tss Xdy X g SCpres = 0.008 N/mm?

Environmental conditions

Water depths:

Seawater density Psw = 1025 kg/m3

Maximum water depth WD pax = 20.6 m LAT

Minimum water depth WDpin = 17 m LAT

Other water depth (to be used for calculations) WD =| 17|m LAT

Storm surge, RP1 yr SSyyr = -0.58 m LAT

Storm surge, RP100 yr SS100yr = -1.29 m LAT

Storm surge water level SSWL =WD +ss SSWL = 15.72 m LAT

Highest Astronomical Tide HAT = 311 m

Waves (H max & T max):

Maximum wave height, RP1 yr - installation/hydrotes Himax,1 = 8.3 m

Associated maximum wave period, RP1 yr Tass1 = 89 s

Maximum wave height, RP100 yr - operational Hmax,100 = 11.55 m

Associated maximum wave period, RP100 yr Tass100 = 9.8 s
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Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
max
> = 0.0123
g 'Tz
. WL _ 0.0167
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th Wave particle velocity from interpolated data
Maximum wave particle velocity Uwh Uym = 2.80 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 2.80 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 1m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.82 m/s
Storm surge, RP10 yr Ugs 10 = 0.92 m/s
Storm surge, RP100 yr Uss 100 = 1.04 m/s
Current velocity at reference height Ugr = 1.04 m/s
Angle of attack relative to pipeline axis oD 17 Oye = 90 deg
. . 7 .
Horizontal current velocity L to P/L . U gr (ﬂJ -sin (arye ) = Uch = 0.83 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 2909 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C
Collapse - external pressure only (K.3.3.5.1) o)
External implosion pipe collapse pressure (P.) given by: ( — )( 2_ 2)— ‘P Py 2- 0 —Dg
c Y. Pe—=Pe) \Pc —Pp )= Pc P Pp °"
nom
External elastical pipe collapse pressure (P,): P, = 2E, mf = 34.0 N/mm?
1-v? 0D,

External plastic pipe collapse pressure (Pp) P, = ZC';;A = 29.2 N/mm?2
External implosion pipe collapse pressure (P,): P. = 16.0 N/mm?
Maximum water column above mudline (WC.,) WCax = WDpax + 0.5-Hax 100 + HAT = 29.485 m

0.29485 N/mm?
Actual external pressure (P,) WCax + SCpres = 0.30 N/mm?
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Project # 10018 enersea
Subject : Buckling and Collapse
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Originator : EVW Checked
Date : 27/01/2020
Revision 101
p Table 4 - NEN3656
Assessment: Yep Pr < fe Where, Jgp = 1.05 -
Vm.p O = 0.93 -
gm’p = 1.45 -
P
Assessment:  ¥g, P < T L = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Ou = 1-
Omm = 13-
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

= 1.256E+06 N-m

Collapse - external pressure + bending moment only (K.3.3.5.3)

\ Table 4 - NEN3656

Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F% M-:: / gg,M = 1.55 -
Jmp SmM
Omp = 1.25 -
Omm = 1.15 -
Om = 0.93 -
n=1+ 300 dnoy/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

1.000E+06 N'‘m

Determination maximum span length due to bending only or bending & external pressure

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yg (Fp+Fy)
Ws = submerged pipeline weight; Ws = 389 N/m
Fo+F = 2909 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
q-= 3517 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 1.00E+06 N'm
Maximum span length, Liax = 53.3 m
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Progressive plastic collapse (K.3.3.6)

[ p 2 | - 2

R) | 3( 5 ] Re o3[ ]

A ment: —axaT<|[De g 3) T | 4 e lpg- 2| 7
ssessment: - fmax = [ E \ 7”@ E\ 3R

Temperature difference with ambient; DT = 46 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

o. S, = 169.3 N/mm?
P 2- dmin P mm

| p
fma = AT <| Bel®) |'1—§|L?] Ay ,g—_._p]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0005 < 0.0030 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|

Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0p *Sh Table 3 - NEN3656 - BC4
gp = 1.15 -
gt = 11 -
N = -2.05E+06 N
I Limax,ob = 61.7 m |
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Buckling and Collapse - 20in x 20.62mm - Installation: filled
Situation 2|

1. Installation: empty
2. Installation: filled
3. Hydrotest

4. Operational

Pressure (barg)

Temperature (deg. C)

Installation (P;,, Tin)
Design (Pg, Ty)
Hydrotest (P, Ty)

Pipeline properties
Nominal diameter
Nominal diameter
Nominal wall thickness
Max. OD deviation
Min. OD deviation
Max. ovalised diameter
Min. ovalised diameter
Initial ovalisation

Cross sectional area of steel

Moment of Inertia

Corrosion allowance
Fabrication Tolerance

Minimum wall thickness
Average pipe diameter

Piggyback
Nominal diameter

Nominal wall thickness

Coating data
Thickness line pipe
Thickness piggyback
Density

Constants
gravitational acceleration

Buckling & Collapse

2
111
144

Appin =

15
50
15

ODmax,dev =0.35- dmin
ODmin,dev =0.35- dmin

ODpax = ODom + 0.35 - dmin
ODyin = ODpgm - 0.35 - dmin

ODmax — ODmin
ODmax+ ODmin

50:

pom {1 — fra} — CA

ODg =1/2 - {ODnom + (ODnom

tin)}

ODyom =
ODyom =
dnom =
ODax,dev =
ODyindev =
ODpax =
ODpin =
do =

A =

CA =
ftol -
dmin =

0Dy =

ODnom,p =

dnom,p =

Installation: filled

20

508 mm
20.62 mm
7.22 mm
7.22 mm
515.217 mm
500.783 mm

0.014 -

31572 mm?
939135656 mm*

3 mm
7.25 %
16.1 mm

491.9 mm

0 mm
0.0 mm

3 mm
0 mm

930 kg/m®

9.81 m/s®

Page 1 of 5



Project : NO5-A Pipeline design ®
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Material = L360NB
Design temperature Ty = 15 °C
Yield at ambient temperature Re = 360.00 N/mm?
Yield at design temperature Reg = 360.00 N/mm?
Density Pst = 7850 kg/m®
Youngs modulus Es = 210000 N/mm?
Poisson's ratio u = 0.3 -
Linear thermal expansion coefficient a= 1.16E-05 m/m/°C
Contents
Sea water density 1025 kg/m?®
Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: Installation: filled 1025 kg/m?®
Pipeline Weights
Plpe“ne Welght Inar wp:'ps = {AS " Ps + Acoar " Peoat + Ainsfr’!s ) pcontsnr} g Wpl,a = 41958 N/m
Piggyback weight in air Wpga = 0.0 N/m
Buoyancy force pipeline F, = %_ OD2, - pevoacer * Fep = 2086.5 N/m
Buoyancy force piggyback Fepo = 0.0 N/m
Submerged pipeline weight,empty Wpise = 388.8 N/m
Submerged piggyback weight Wigs = 0.0 N/m
Total submerged bundle weight,empty Wrse = 388.8 N/m
Total submerged bundle weight,water filled Wrsr = 2109.4 N/m
Soil
Submerged density Pss = 1000 kg/m’
Depth of burial dy = 0.80 m
Soil cover pressure SCpres = Tss Xdy X g SCpres = 0.008 N/mm?
Environmental conditions
Water depths:
Seawater density Psw = 1025 kg/m3
Maximum water depth WD pax = 20.6 m LAT
Minimum water depth WDpin = 17 m LAT
Other water depth (to be used for calculations) WD =| 17|m LAT
Storm surge, RP1 yr SSyyr = -0.58 m LAT
Storm surge, RP100 yr SS100yr = -1.29 m LAT
Storm surge water level SSWL =WD +ss SSWL = 16.42 m LAT
Highest Astronomical Tide HAT = 311 m
Waves (H max & T max):
Maximum wave height, RP1 yr - installation/hydrotes Himax,1 = 8.3 m
Associated maximum wave period, RP1 yr Tass1 = 89 s
Maximum wave height, RP100 yr - operational Hmax,100 = 11.55 m
Associated maximum wave period, RP100 yr Tass100 = 9.8 s
Buckling & Collapse Page 2 of 5
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Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
max
> = 0.0107
g 'Tz
. SWL2 = 0.0211
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th Wave particle velocity from interpolated data
Maximum wave particle velocity Uwh Uym = 1.85 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 1.85 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 1m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.82 m/s
Storm surge, RP10 yr Ugs 10 = 0.92 m/s
Storm surge, RP100 yr Uss 100 = 1.04 m/s
Current velocity at reference height Ugr = 0.82 m/s
Angle of attack relative to pipeline axis oD 17 Oye = 90 deg
. . 7 .
Horizontal current velocity L to P/L . U gr (ﬂJ -sin (arye ) = Uch = 0.65 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 1380 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C
Collapse - external pressure only (K.3.3.5.1) o)
External implosion pipe collapse pressure (P.) given by: ( — )( 2_ 2)— ‘P Py 2- 0 —Dg
c Y. Pe—=Pe) \Pc —Pp )= Pc P Pp °"
nom
External elastical pipe collapse pressure (P,): P, = 2E, mf = 34.0 N/mm?
1-v? 0D,

External plastic pipe collapse pressure (Pp) P, = ZC';;A = 29.2 N/mm?2
External implosion pipe collapse pressure (P,): P. = 16.0 N/mm?
Maximum water column above mudline (WC.,) WCax = WDpax + 0.5-Hax 100 + HAT = 29.485 m

0.29485 N/mm?
Actual external pressure (P,) WCax + SCpres = 0.30 N/mm?
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Project # 10018 enersea
Subject : Buckling and Collapse
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p Table 4 - NEN3656
Assessment: Yep Fr 5:}’*'“7‘ Where, Ogp = 1.05 -
Vm.p O = 0.93 -
gm’p = 1.45 -
P
Assessment:  ¥g, P < T L = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

= 1.256E+06 N-m

Collapse - external pressure + bending moment only (K.3.3.5.3)

\ Table 4 - NEN3656

Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F% M-:: / gg,M = 1.55 -
Jmp SmM
Omp = 1.25 -
Omm = 1.15 -
Om = 0.93 -
n=1+ 300 dnoy/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

1.000E+06 N'‘m

Determination maximum span length due to bending only or bending & external pressure

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yg (Fp+Fy)
Ws = submerged pipeline weight; Ws = 2109 N/m
Fo+F = 1380 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
q-= 2851 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 1.00E+06 N'm
Maximum span length, Liax = 502 m
Buckling & Collapse Page 4 of 5
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Progressive plastic collapse (K.3.3.6)

[ p 2 | - 2

R) | 3( 5 ] Re o3[ ]

A ment: —axaT<|[De g 3) T | 4 e lpg- 2| 7
ssessment: - fmax = [ E \ 7”@ E\ 3R

Temperature difference with ambient; DT = 11 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

P S, = 3.1 N/mm?
P 2- dmin P

| p
fma = AT <| Bel®) |'1—§|L?] Ay ,g—_._p]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0001 < 0.0033 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|

Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0, sh Table 3 - NEN3656 - BC4
gp = 1.15 -
gt = 1.1 -
N = -8.97E+05 N
I Lmax,bb = 93.1 m I
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Buckling and Collapse - 20in x 20.62mm - Hydrotest
Situation 3|
1. Installation: empty Hydrotest
2. Installation: filled
3. Hydrotest
4. Operational
| Pressure (barg) Temperature (deg. C)
Installation (Pj,, Ti) 2 15
Design (Pg, Ty) 111 50
Hydrotest (P;, T) 144 15
Pipeline properties
Nominal diameter ODyom = 20
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Max. OD deviation ODpmax.dev = 0.35 - dpyin ODpmax.dev = 7.22 mm
Min. OD deviation ODmin,dev =0.35- dmin ODmin,dev = 7.22 mm
Max. ovalised diameter ODppax = ODom + 0.35 - dmin ODpp = 515.217 mm
Min. ovalised diameter ODpjin = ODyom - 0.35 - dmin ODpin = 500.783 mm
Initial ovalisation 5 = 2Pmax = ODmin do = 0.014 -
0 ODmax+ ODmin
Cross sectional area of steel A= 31572 mm?
Moment of Inertia | = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fiol = 7.25 %
Minimum wall thickness Amin = nom {1 — fro} — CA drin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODyom + (ODpom = 2:tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness Anomp = 0.0 mm
Coating data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
Buckling & Collapse Page 1 of 5



Project : NO5-A Pipeline design ®
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Material = L360NB

Design temperature Ty = 15 °C

Yield at ambient temperature Re = 360.00 N/mm?

Yield at design temperature Reg = 360.00 N/mm?

Density Pst = 7850 kg/m?®

Youngs modulus Es = 210000 N/mm?

Poisson's ratio u = 0.3 -

Linear thermal expansion coefficient a= 1.16E-05 m/m/°C

Contents

Sea water density 1025 kg/m?®

Pipeline product density 96.1 kg/m®
Pipeline content density used for this case: 1025 kg/m?®

Pipeline Weights

Plpe“ne Welght Inar wp:'ps = {AS " Ps + Acoar " Peoat + Ainsfr’!s ) pcontsnr} g Wpl,a = 41958 N/m

Piggyback weight in air Wpga = 0.0 N/m

Buoyancy force pipeline F, = %_ 0D, - pooroser * Fep = 2086.5 N/m

Buoyancy force piggyback Fepo = 0.0 N/m

Submerged pipeline weight,empty Wpise = 388.8 N/m

Submerged piggyback weight Wigs = 0.0 N/m

Total submerged bundle weight,empty Wrse = 388.8 N/m

Total submerged bundle weight,water filled Wrsr = 2109.4 N/m

Soil

Submerged density Pss = 1000 kg/m’

Depth of burial dy = 0.80 m

Soil cover pressure SCpres = lss X dp X g SCpres = 0.008 N/mm?

Environmental conditions

Water depths:

Seawater density Psw = 1025 kg/m3

Maximum water depth WD pax = 20.6 m LAT

Minimum water depth WDpin = 17 m LAT

Other water depth (to be used for calculations) WD =| 17|m LAT

Storm surge, RP1 yr SSyyr = -0.58 m LAT

Storm surge, RP100 yr SS100yr = -1.29 m LAT

Storm surge water level SSWL =WD +ss SSWL = 16.42 m LAT

Highest Astronomical Tide HAT = 311 m

Waves (H max & T max):

Maximum wave height, RP1 yr - installation/hydrotes Himax,1 = 8.3 m

Associated maximum wave period, RP1 yr Tass1 = 89 s

Maximum wave height, RP100 yr - operational Hmax,100 = 11.55 m

Associated maximum wave period, RP100 yr Tass100 = 9.8 s

Buckling & Collapse Page 2 of 5
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Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures") H
max
> = 0.0107
g 'Tz
. SWL2 = 0.0211
Wave theory selected: g-T,

1. Airy/linear wave; 2. Stokes 5th Wave particle velocity from interpolated data
Maximum wave particle velocity Uwh Uym = 1.85 m/s
Angle of attack relative to pipeline axis Olyw = 90 deg
Horizontal wave velocity | to P/L a Upyh = 1.85 m/s

um
1
Current:
Height above seabed at which velocity is known z* = 1m
Spring tide Ugt = 0 m/s
Storm surge, RP1 yr Ussy = 0.82 m/s
Storm surge, RP10 yr Ugs 10 = 0.92 m/s
Storm surge, RP100 yr Uss 100 = 1.04 m/s
Current velocity at reference height Ugr = 0.82 m/s
Angle of attack relative to pipeline axis oD 17 Oye = 90 deg
. . 7 .
Horizontal current velocity L to P/L . U gr (ﬂJ -sin (arye ) = Uch = 0.65 m/s
r
Hydrodynamic coefficients:
Drag coefficient Cp = 0.7 -
Lift coefficient C_= 0.9 -
Inertia coefficient C = 3.29 -
Maximum absolute hydrodynamic force 1380 N/m
Temperatures:
Ambient temperature Tamp = 4 deg.C
Collapse - external pressure only (K.3.3.5.1) o)
External implosion pipe collapse pressure (P.) given by: ( — )( 2_ 2)— ‘P Py 2- 0 —Dg
c Y. Pe—=Pe) \Pc —Pp )= Pc P Pp °"
nom
External elastical pipe collapse pressure (P,): P, = 2E, mf = 34.0 N/mm?
1-v? 0D,

External plastic pipe collapse pressure (Pp) P, = ZC';;A = 29.2 N/mm?2
External implosion pipe collapse pressure (P,): P. = 16.0 N/mm?
Maximum water column above mudline (WC.,) WCax = WDpax + 0.5-Hax 100 + HAT = 29.485 m

0.29485 N/mm?
Actual external pressure (P,) WCax + SCpres = 0.30 N/mm?
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Project : NO5-A Pipeline design ®
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Revision 101
p Table 4 - NEN3656
Assessment: Yep Fr 5:}’*'“7‘ Where, Ogp = 1.05 -
Vm.p O = 0.93 -
gm’p = 1.45 =
P
Assessment:  ¥g, P < Tt = OK
}"m,p
Collapse - bending moment only (K.3.3.5.2)
Buckling bending moment (M) M, = Dsdnﬁe = 1.8E+09 N-mm
M Table 4 - NEN3656
Assessment: g xM_<MZZE  Where, Ogm = 11 -
fmM Om = 1-
Omm = 1.3 -
Maximum allowable bending moment (M, ;) Mip = 1.3E+09 N-mm

= 1.256E+06 N-m

Collapse - external pressure + bending moment only (K.3.3.5.3)

\ Table 4 - NEN3656

Assessment:  Yap* AL | Ygmx M < Where, Ogp = 1.05 -
F% M-:: / gg,M = 1.55 -
Jmp SmM
Omp = 1.25 -
Omm = 1.15 -
Om = 0.93 -
n=1+ 300 dnoy/ ODy n= 13.6 -
Maximum allowable bending moment (M p,) Mipb = 1.0E+09 N-mm

1.000E+06 N'‘m

Determination maximum span length due to bending only or bending & external pressure

.2
Assessment: M7, = qlo Where, g = load acting on pipe
L = span length
2 2 2 2
&’=\IIVW Ws* +yg (Fp+Fy)
Ws = submerged pipeline weight; Ws = 2109 N/m
Fo+F = 1380 N/m
Ow = 1.1 -
Oh = 1.2 -
Table 3 - NEN3656
q-= 2851 N/m
Maximum allowable bending moment (M, ,) is smallest of M, , and M, Mim = 1.000E+06 N'm
Maximum span length, Lo = 59.2 m

Buckling & Collapse

Page 4 of 5



e ey Tpetine desion EJ enersea

Subject : Buckling and Collapse

File # : 19018-60-CAL-01003-09-01 - Buckling & Collapse calculations - 17m - hydrotest.xIsx
Client : ONE-Dyas

Client File # : 19018-60-CAL-01003-09-01 - Buckling & Collapse calculations - 17m - hydrotest.xIsx
Originator : EVW Checked
Date : 27/01/2020

Revision 101

Progressive plastic collapse (K.3.3.6)

R.(0) |

L3( > R o 3(a )
Assessment: %Fwﬂ% = 1UI1—Z|\R:59}] +?\'|U'Q_Zig_z]1
Temperature difference with ambient; DT = 11 -
Re = 360.00 N/mm?
Red = 360.00 N/mm?

_ p - (ODnom - dmin)

0. S, = 219.6 N/mm?
P 2 dmin P

f p 3
£nee —axAT <| Rel®) |'1—§|L‘?] + e ||U,9——|—D]
E | 4lR.(8) EY 4\ R,

Assessment: 0.0001 < 0.0028 OK
Local buckling (K.3.3.3)
Assessment: m"";l—_dmi")< 55 :no check on local buckling required = 23.9 OK
nom
Bar buckling: E-I
Assessment: Lypaxpp = |4-m2——

IN|

Effective axial force N=A4-(v-S, -y, -E-a-AT)

Sh=0p *Sh Table 3 - NEN3656 - BC4
Op = 1.15 -
O = 1.1 -
N = 1.46E+06 N

No compressive

Lmaxbb = force

Buckling & Collapse Page 5 of 5
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C. Static and Dynamic Span Analysis
The following static and dynamic span analyses were performed:
- 19018-60-CAL-01004-01-01 Allowable free span (static & dynamic) calculations -26m
- 19018-60-CAL-01004-02-01 Allowable free span (static & dynamic) calculations -8m

- 19018-60-CAL-01004-03-01 Allowable free span (static & dynamic) calculations -17m

(25pages)
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Static & Dynamic Span - 20" x 20.62 mm
Condition Overview
Pressure Temp. Content
(barg) (deg. C) (kg/m3)
Installation (Pj,, Ti) 2 15 1025
Hydrotest (P, T)) 144 15 1025
Design (Pd, Td) 111 50 88.7
Pipeline properties
Nominal diameter ODyom = 20"
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Internal diameter ID=0D 0 - 2*4nam ID = 466.76 mm
Cross sectional area of steel Ay = %'{ODﬁam — 1D%} As = 31572 mm?
Section modulus W, = 7 {0D5om — 1D%) W = 3697384 mm®
32 0D, p0m
Moment of Inertia I = &- {0DZ,,, — ID*} I, = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fio = 7.25 %
Minimum wall thickness Gmin = nom * {1 — fror} — CA Amin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODnom + (ODnom - 2°tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness dnomp = 0.0 mm
Coating and insulation data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
Material = L360NB
Design temperature Ty = 50 °C
Yield at ambient/hydrotest temperature Re = 360.00 N/mm?
Yield at design temperature Red = 360.00 N/mm?
Density Pst = 7850 kg/m3
Youngs modulus E = 210000 N/mm?
Poisson's ratio u= 0.3 -
Linear thermal expansion coefficient a= 1.16E-05 m/m/°C
Weights
installation hydrotest operation
(N/m) (N/m) (N/m)
air line pipe 2431.3 2431.3 2431.3
content 1720.6 1720.6 148.9
coating 43.9 43.9 43.9 Wp:’ps = {-'4.9 “Ps+ Acoar "Peoar T Ainside P-s'onrsrzr} g
piggyback 0.0 0.0 0.0
coating pb 0.0 0.0 0.0
buoyancy line pipe 2086.5 2086.5 2086.5 L, .
piggyback 0.0 0.0 0.0 Fb - 4 I::'Da'a:rt Pereawarer " 4

Static & Dynamic span to be checked for the following environmental load combinations

Condition Wave velocity | Current velocity]| Comment
Installation Himax, 1yr lyr
Hydrotest Hmax 1yr lyr
Operational Himax, 100yr 10 yr LC1
Himax, 10yr 100 yr LC2

Static & dynamic spans

Page 1 of 13
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Environmental conditions
Water depths: _
Seawater density Psw 1025 kg/m®
Maximum water depth WD ax 29.68 m LAT
Minimum water depth WDyin = 26 m LAT
Other water depth (user input) WD 26 m LAT
Storm surge, RP1 yr SSiyr -1.02 m LAT
Storm surge, RP10 yr SS1oyr -1.4 m LAT
Storm surge, RP100 yr SS100yr -1.79 m LAT
Storm surge water level, RP1 yr SSWL,y, = WD + ss;y, SSWLy, 24.98 m LAT
Storm surge water level, RP10 yr SSWLygyr = WD + Sy SSWLgy, 24.6 m LAT
Storm surge water level, RP100 yr SSWLygoyr = WD + SS1g0yr  SSWLygoy 24.21 m LAT
Highest Astronomical Tide HAT = 272 m
Waves (H max & T max):
Maximum wave height, RP1 yr - installation/hydrotest Hmax 1 11.4 m
Associated maximum wave period, RP1 yr Tass1 = 10.1 s
Maximum wave height, RP10 yr - operational Hmax 10 145 m
Associated maximum wave period, RP10 yr Tass.10 = 10.9 s
Maximum wave height, RP100 yr - operational Hmax 100 16.9 m
Associated maximum wave period, RP100 yr Tass, 100 115 s
Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures")
1yr 10 yr 100 yr
H
> 0.0114 0.0124 0.0130
9 Tiss
SWL
— 0.0250 0.0211 0.0187
9 " Tass
1
theory Stokes Stokes Stokes
maximum wave particle velocity (Uym) 2.39 3.26 4.00 Uwh
: . AN
angle of attack relative to P/L axis (a) 90 90 90 a
um
horizontal wave velocity | to P/L (Uyn) 2.39 3.26 4.00 !
Current:
Height above seabed at which velocity is known z* 2m
Spring tide Ust 0 m/s
Storm surge, RP1 yr Uss1 = 0.74 m/s
Storm surge, RP10 yr Ugs 10 = 0.84 m/s
Storm surge, RP100 yr Uss 100 = 0.96 m/s
Current velocity at reference height: Ucsr = Ug + Ugs Uczra 0.74 m/s
Uczr,lO = 0.84 m/s
Uczr,lOO = 0.96 m/S
Angle of attack relative to pipeline axis Olye 90 deg
7
7 op,, )"
; ; . u == Ug | —— : Sm(auc) -
Horizontal current velocity | to P/L: cmperp 8 . Ucm,perp.1 0.532 m/s
Ucm,perp,10 = 0.604 m/s
Ucm,perp,100 = 0.691 m/s
Hydrodynamic coefficients:
Drag coefficient Co 0.7 -
Lift coefficient C, 0.9 -
Inertia coefficient C 3.29 -
Hydrodunamic forces:
Maximum absolute hydrodynamic force (Fp+F)), RP1 yr (installation/hydrotest condition) 1824 N/m
Maximum absolute hydrodynamic force (Fp+F;), RP100/10 yr (LC 1 operational condition) 4175 N/m
Maximum absolute hydrodynamic force (Fp+F)), RP10/100 yr (LC 2operational condition) 3124 N/m
Temperatures:
Ambient temperature Tamp = 4 deg. C
Static & dynamic spans Page 2 of 13
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Table 3 - NEN 3656 load factors LC1 LC2
Load factor Installation Hydrotest Operation  Operation
Self weight & content 1.1 1.1 1.1 1.1
Coating 1.2 1.2 1.2 1.2
Marine growth 0 0 1.2 1.2
Internal pressure 0 1.15 1.15 1.15
external pressure 1.1 1.1 1.1 1.1
temperature 1 11 11 1.1
environmental load 11 1.2 1.2 12
Pipe bundle weight in air 4619.8 4619.8 2891.0 2891.0  N/m;incl. load factors
Submerged bundle weight, Ws 2324.7 2324.7 595.9 595.9 N/m; incl. load factors
2 .2 2 2
Factored load acting on pipe, q 3071 3193 5045 3796 N/m; ¢ = \/?’W Ws +¥g '{FD +-FI)
Pressure 2 144 111 111 barg
DT 11 11 46 46 deg. C
Material factor (table 3; D3.1) 1.1 1.1 1.1 1.1
Allowable stress (table 3; D3.1) 327.3 556.4 556.4 556.4 N/mm?
STATIC SPAN LENGTH - INSTALLATION
Unrestrained pipe Restrained pipe
tension compression tension  compression . (i Pi— ye- Pe)- (0D — dypy)
Hoop stress 44 4.4 4.4 4.4 N/mm o= 2 - dmin
2 JHiJ_B-O—PZI+4"U§HOW
Max. long. Stress 329.4 -325.1 329.4 -325.1 N/mm Omazxlong stress = 5
Long. hoop stress 1.8 1.8 1.3 13 N/mm? Olong.hoop.stress — V" Og
Thermal exp. stress n/a n/a -26.8 -26.8  [N/mm? Othermal = Yo' Eg AT
Max. allow. bending stress 327.3 -326.8 327.3 -299.6 N/I’T]l’ﬂ2 Op,max — Omax.long.stress — Olonh.hoop.stress — Othermal
Maximum span 62.8 62.7 62.8 60.1 m
STATIC SPAN LENGTH - HYDROTEST
Unrestrained pipe Restrained pipe
tension compression tension compression
Hoop stress 248.2 248.2 248.2 248.2  |N/mm?
Max. long. Stress 637.3 -389.1 637.3 -389.1 N/mm?
Long. hoop stress 85.8 85.8 74.5 74.5 N/mm?
Thermal exp. stress n/a n/a -29.5 -29.5 N/mm?
Max. allow. bending stress 551.4 -474.9 556.4 -434.0 N/mm?
Maximum span 79.9 74.2 80.3 70.9 m
STATIC SPAN LENGTH - OPERATION LC1
Unrestrained pipe Restrained pipe
tension compression tension compression
Hoop stress 190.3 190.3 190.3 190.3 N/mm?
Max. long. Stress 626.6 -436.2 626.6 -436.2 N/mm?
Long. hoop stress 66.2 66.2 57.1 57.1 N/mm?
Thermal exp. stress n/a n/a -123.3 -123.3 N/mm?
Max. allow. bending stress 556.4 -502.4 556.4 -370.1  [N/mm?
Maximum span 63.9 60.7 63.9 52.1 m
Static & dynamic spans Page 3 of 13
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STATIC SPAN LENGTH - OPERATION LC2
Unrestrained pipe Restrained pipe
tension compression tension  compression
Hoop stress 190.3 190.3 190.3 190.3 N/mm?
Max. long. Stress 626.6 -436.2 626.6 -436.2 N/mm?
Long. hoop stress 66.2 66.2 57.1 57.1 N/mm?
Thermal exp. stress n/a n/a -123.3 -123.3 N/mm?
Max. allow. bending stress 556.4 -502.4 556.4 -370.1 N/mm?
Maximum span 73.6 70.0 73.6 60.0 m
Static & dynamic spans Page 4 of 13
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DYNAMIC SPAN ANALYSIS (NEN 3656 - 1.5.2.5)

- - I 2mx46
Assessment Stability parameter, Ks < 1.8 => in-line vibration K= —— Where,
Stability parameter, Ks < 16 => cross flow vibration Pw X Dg
d = damping factor water: 0.02x2x 7™ = 0.126 -
r, = seawater density = 1025 kg/m®
D, = outer diameter (incl. coating) = 514 mm

m = effective mass
M = Wyyndie  Madded

T 2
Myagea = Z - Cp Pw - Do,eq
C., = added mass coefficient = 1.2 -
D,.eq = €quivalent diameter (incl. coating) 514 mm

Due to the presense of 2 objects attached to eachother, velocity flow intensification occurs:

D}
Vigt = (Vwave + chr) X (1 + fint); fint = {1 + (4 - CE:LZ)} Where,
D, = diameter of obstruction
CL = centerline distance P/L - obstruction

IN-LINE VIV:
Given the stability factor (Ks), the horizontal particle velocity (v), possibly including vicinity factor and the reduced velocity (Vr), the first eigen frequency (f1) can be
determined prior to vibration occurring.

Reduced velocity, Vr, based on NEN 3656 1.5.2.5.2

v

Vi=—— if 1,0 < V, = 3,5 then oscillation occurs => Vr<1,0 design criterium
f-l b DD
Vris set to 1 as conservative value; Vr = 1.0 -
—
£ a | Exl
= [—————
17 on \mxL? Where,
a = frequency factor (22 for fixed/fixed; 9.87 for pinned/pinned)
a = 15.4 for fixed/pinned a= 15.4 -
Waves (Hs & T2):
Significant wave height, RP1 yr - installation/hydrotest Hs, = 6.5 m
Associated wave period, RP1 yr T, = 99 s
Significant wave height, RP10 yr - operational Hs10 = 84 m
Associated wave period, RP10 yr T,10= 11.3 s
Significant wave height, RP100 yr - operational Hs 100 = 9.9 m
Associated wave period, RP100 yr T,100 = 12.3 s
lyr 10 yr 100 yr
H
> 0.0068 0.0067 0.0067
g Tass
SWQ 0.0260 0.0196 0.0163
g Tass |
theory Stokes Stokes Stokes
maximum wave particle velocity (Uym) 1.35 2.01 2.56 Uwh
. . N
angle of attack relative to P/L axis (a) 90 90 90 a
um
horizontal wave velocity | to P/L (uyy) 1.35 2.01 2.56 !

Static & dynamic spans Page 5 of 13
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LC1 LC2
Installation Hydrotest Operation  Operation
effective mass 682.9 682.9 522.7 522.7 kg/m
Ks 0.63 0.63 0.49 0.49 -
In-line VIV yes yes yes yes -
cross flow VIV yes yes yes yes -
Vr 1.00 1.00 1.00 1.00 -
Uwh 0.53 0.53 0.60 0.69 m/s, set equal to Ucm, for velocity ratio 0.5
Ucm perp 0.53 0.53 0.60 0.69 m/s
Do 0.0 0.0 0.0 0.0 mm
CL 294.0 294.0 294.0 294.0 mm
fint 0.000 0.000 0.000 0.000 -
(Uwh + Ucm perp) X (1+0.5-fn) = Vit 1.06 1.06 1.21 1.38 m/s
D, 0.5140 0.5140 0.5140 0.5140 m
fl 2.07 2.07 2.35 2.69 1/s
Lspan,in 25.2 25.2 25.3 23.7 m

note: f, is taken into account for 50% as system doesn't instantaneously respond and vortices occur in a relatively steady state environment, which this isn't.

CROSS FLOW VIV:
Oscillation area for cross flow is given by the figure below and depends on the Reynolds number (R,) R, =

v = horizontal particle velocity (Vi)

D, = outer diameter (incl. coating) = 514 mm
Ug = dynamic viscosity seawater Ug = 4.99E-07 m?/s
Vr is set to 3.85 as conservative value; Vr = 3.85 -
6.0
WTH CROSSFLOW
OSCILLATIONS
5.0
3
T 2 Re ¢ 8 x 1(2 Ve< 5.00
NO CROSSFLOW et Re<x 12 » 10 Ve< 385
OSCILLATIONS
Ve 3.0
0 } 4 2 =T H ALY 1 1 e AL - h R _p By 1
10 10° 0 10
Re ———>P
LC1 LC?2
Installation Hydrotest Operation  Operation
Uwh 1.35 1.35 2.56 2.01 m/s
Ucm,perp 0.53 0.53 0.60 0.69 m/s
Do 0.0 0.0 0.0 0.0 mm
CL 294.0 294.0 294.0 294.0 mm
fint 0.000 0.000 0.000 0.000 -
(U + Uemperp) X (1+0.5Fip) = Vigy 1.89 1.89 3.17 2.70 m/s
D, 0.5140 0.5140 0.5140 0.5140 m
Reynolds nr.  1.94E+06 1.94E+06 3.26E+06 2.78E+06 -
Vr 3.850 3.850 3.850 3.850 -
fl 0.95 0.95 1.60 1.36 1/s
Lspan,cross 37.2 37.2 30.7 33.2 m
SUMMARY - SPAN ANALYSIS
LC1 LC2
Installation Hydrotest Operation Operation
Lspan,in 25.2 25.2 25.3 23.7 m
Lspancross ~ 37.2 37.2 30.7 332 m
Maximum Span Length = 23.7 m

Static & dynamic spans Page 6 of 13



Proj : NO5-A Pipeline Desi
B3 enersea

Subject : Static & Dynamic Span Analysis

File # : 19018-60-CAL-01004-01-01 - Allowable free span (static & dynamic) calculations - 26m.xlsm
Client : ONE-Dyas

Client File # :

Originator : BEvW Checked . PF
Date : 24/01/2020

Revision 101

Static & Dynamic Span - 10" x 12.7mm

Water depth WD = 26 m (LAT)
Storm surge Ss = -1.02 m
Storm surge water level SWL=WD+ss = 24.98 m
Wave height H= 114 m
Wave period T= 10.1 s

Grav. Acceleration g= 9.81 m/s®
Deep water wave length L - g-T> = 159.3 m

2.7

Solving for wave length (L) and A

n-H L
SWL_S\/V—L{K+7“3‘833+7‘5'(835+Bss)}20 (1
S\LNL_SV!L'tanh[Z.n.fWLj'{l+xz'C1+7L4'C2}:0 (1)
0

Choosing L and solving for A in (Il) results in 4 roots for A

Estimate actual wave length, L 143.109 m
A=SWLT - 0.1568
B:SWL-tanh[z'“'SWL) = 0.1305
L L
A=%vX
%_—Ci-B *D
-~ 2.C,-B
D=(C,-B) -4-(C,-B)-(-(A-B)) = 0.1583

St.5th Page 7 of 13
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- eq. (1) eq. (1)

21 0.228 -0.0006  0.0000
A2 Numerator of X <0
A3 -0.228 2.8680 0.0000
A4 Numerator of X <0
Item Formula Value Unit
s s:sinh(LL\NLJ: 1.3302 -
c c:cosh[zn'WLj: 1.6642 -
1
All A, =5= 0.7518 -
2 2
Al3 A=t [5-c?+1) 11,2341 -
8-s°

A . L84 -¢'? 1440 -c® —1992 -c® +2641-c* —249 -c* +18 24111

B 1536 -5t N - )

3
A22 Ay = gt 0.1198 -
8 6 4 2
768 -s
A33 Ay B4 0.0041
33 64-57 .

A 512 -c*? +4224 -¢*° — 6800 -c® —12808 -c® +16704 -c¢* —3154 -c* —107

35 = T (a2 = 0.1403 -

4096 -s* -(6-c2 —1)
6 —_— . 4 . 2 -—

Add AM:so ¢’ -816-c* +1388 -c” ~197 _ 10,0025 -

1536 -5 - (6-c2 -1}

St.5th Page 8 of 13
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A 2880 -c'® —72480 -c® +324000 -c® —432000 -c* +163470 -c? —16245 0.0003
% 61440 -s* -(6-c? —1)-(8-c* —11-¢? +3) - )
2
B22 B,, =w= 1.1558 -
4.3
(272 .¢® -504 .¢® -192 .¢* +322.¢* +21
- Bz4=°< c? 500" 102 ¢ +322 ¢ ¢ ) L5735 -
384 -s
6
B33 B, =3 (B0 +1)_ 1.4462 -

64-s®

B35

12288 -s'.(6-c? 1)

88128 -c'* — 208224 -c** +70848 -c'° +54000 -c® —21816 -c® +6264 -c* —54-c? —81

= 5.1741 -
10 .n8 . b .4 2 _
B4 B44:C'768 ¢’ -488-c 489 c +:18 c’ +106-¢* —21 _ 50437 -
384-5°-(6-c2 -1

B _ 192000 -¢'® —26720 -¢™ +83680 -¢** + 20160 -c*° —7280 -c® + 7160 -c® —1800 -c* —1050 -¢* +225

55 — 10 4 2 2 -
12288 -s*°-(8-¢* —11-c2 +3)-(6-c2 1) _ 3.3404 -

8-c*-8-c*+9
c1 c, =2t = *7. 1.9244 -
8-s
3840 -c'? —4096 -c'* + 2592 -c® —1008 -c® +5944 -c* —1830 -c* +147
C,= m > = 8.9186 -
512 -5% .(6-c? —1)
1

C,=- = - -

C3 3= s 0.1129

. 8 - 6_ . 4 - 2_
ca 04:12 c”+36-c° —-162 c9 +141-c 27: 0.1420 -
192 -c-s
K1 K,o=A-A, + 2% A+ 2° A= 0.1553 -
St.5th Page 9 of 13
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K2 K, =N’ Ay + Az Ay = 0.0065 -
K3 Ky=2Agu+ 2 Ay = 0.0001 -
K4 K,=x"A, = 0.0000 -
K5 Ky =2"-A, = 0.0000 -

St.5th Page 10 of 13
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Horizontal wave particle velocities

Water depth at which data required, z 0.5080 m

(w.r.t. seabed)

Horizontal velocity, u,

5 .
u, ZE‘ZWKn ‘Cosh[n.ﬁ‘z}cos(n-(p)
T 3 L

Horizontal acceleration, a,, 1,

a 2-m-L S
S
¢ [deg.] uw [m/s]
0.00 2.3895
10.00 2.3444
20.00 2.2113
30.00 1.9978
40.00 1.7152
50.00 1.3781
60.00 1.0030
70.00 0.6070
80.00 0.2065
90.00 -0.1839
100.00 -0.5520
110.00 -0.8883
120.00 -1.1862
130.00 -1.4411
140.00 -1.6507
150.00 -1.8139
160.00 -1.9303
170.00 -2.0000
180.00 -2.0233
190.00 -2.0000
200.00 -1.9303
St.5th

aw_h [m/s?]

0.0000
0.3205
0.6233
0.8921
1.1138
1.2793
1.3842
1.4288
1.4177
1.3583
1.2602
1.1334
0.9871
0.8289
0.6647
0.4983
0.3317
0.1656
0.0000
-0.1656
-0.3317

n’-K, ocosh[n-%lj-sin(n-(p)

Velocity (m/s)

05 0
-1.0
-15
-2.0
-2.5

3.0

Hor. wave velocity (Stokes 5th)
uw [m/s] aw_h [m/s2]

2.5

20 1N

15

1.0
0.5

0.0

0\ 120 160 200_ 240 /?80_3_7 0

AN A~ _

~ 7

Wave phase angle (deg)
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210.00 -1.8139  -0.4983

220.00 -1.6507  -0.6647

230.00 -1.4411  -0.8289

240.00 -1.1862  -0.9871

250.00 -0.8883 -1.1334

260.00 -0.5520 -1.2602

270.00 -0.1839  -1.3583

280.00 0.2065 -1.4177

290.00 0.6070  -1.4288

300.00 1.0030 -1.3842

310.00 1.3781  -1.2793

320.00 1.7152  -1.1138

330.00 1.9978 -0.8921

340.00 22113  -0.6233

350.00 2.3444  -0.3205

360.00 2.3895 0.0000

U,m = Max. wave particle velocity =

St.5th

2.39 m/s
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Wave profile h(t)

n(t)= 2—"71 {r-cos(@)+ (32 -B,, +2* -B,, )-cos(20)+ (1° - By, +2° - By )-cos(39)+ 1* - By, -cos(4@)+ 1° - B - cos(5e)]
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St.5th
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Static & Dynamic Span - 20" x 20.62 mm
Condition Overview
Pressure Temp. Content
(barg) (deg. C) (kg/m3)
Installation (Pj,, Ti) 2 15 1025
Hydrotest (P, T)) 144 15 1025
Design (Pd, Td) 111 50 88.7
Pipeline properties
Nominal diameter ODyom = 20"
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Internal diameter ID=0D 0 - 2*4nam ID = 466.76 mm
Cross sectional area of steel Ay = %'{ODﬁam — 1D%} As = 31572 mm?
Section modulus W, = 7 {0D5om — 1D%) W = 3697384 mm®
32 0D, p0m
Moment of Inertia I = &- {0DZ,,, — ID*} I, = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fio = 7.25 %
Minimum wall thickness Gmin = nom * {1 — fror} — CA Amin = 16.1 mm
Average pipe diameter ODg = 1/2 - {ODnom + (ODnom - 2°tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODnomp = 0 mm
Nominal wall thickness dnomp = 0.0 mm
Coating and insulation data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s?
Material = L360NB
Design temperature Ty = 50 °C
Yield at ambient/hydrotest temperature Re = 360.00 N/mm?
Yield at design temperature Red = 360.00 N/mm?
Density Pst = 7850 kg/m3
Youngs modulus E = 210000 N/mm?
Poisson's ratio u= 0.3 -
Linear thermal expansion coefficient a= 1.16E-05 m/m/°C
Weights
installation hydrotest operation
(N/m) (N/m) (N/m)
air line pipe 2431.3 2431.3 2431.3
content 1720.6 1720.6 148.9
coating 43.9 43.9 43.9 Wp:’ps = {-'4.9 “Ps+ Acoar "Peoar T Ainside P-s'onrsrzr} g
piggyback 0.0 0.0 0.0
coating pb 0.0 0.0 0.0
buoyancy line pipe 2086.5 2086.5 2086.5 L, .
piggyback 0.0 0.0 0.0 Fb - 4 I::'Da'a:rt Pereawarer " 4

Static & Dynamic span to be checked for the following environmental load combinations

Condition Wave velocity | Current velocity]| Comment
Installation Himax, 1yr lyr
Hydrotest Hmax 1yr lyr
Operational Himax, 100yr 10 yr LC1
Himax, 10yr 100 yr LC2

Static & dynamic spans
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Environmental conditions
Water depths: _
Seawater density Psw 1025 kg/m®
Maximum water depth WD ax 11.5 m LAT
Minimum water depth WDyin = 8 m LAT
Other water depth (user input) WD 8 m LAT
Storm surge, RP1 yr SSiyr -0.14 m LAT
Storm surge, RP10 yr SS1oyr -0.46 m LAT
Storm surge, RP100 yr SS100yr -0.78 m LAT
Storm surge water level, RP1 yr SSWL,y, = WD + ss;y, SSWLy, 7.86 m LAT
Storm surge water level, RP10 yr SSWLygyr = WD + Sy SSWLgy, 7.54 m LAT
Storm surge water level, RP100 yr SSWLygoyr = WD + SS1g0yr  SSWLygoy 7.22 m LAT
Highest Astronomical Tide HAT = 3.5 m
Waves (H max & T max):
Maximum wave height, RP1 yr - installation/hydrotest Hmax 1 52 m
Associated maximum wave period, RP1 yr Tass1 = 7.7 s
Maximum wave height, RP10 yr - operational Hmax 10 5.7 m
Associated maximum wave period, RP10 yr Tass.10 = 79 s
Maximum wave height, RP100 yr - operational Hmax 100 6.2 m
Associated maximum wave period, RP100 yr Tass,100 8.1s
Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures")
1yr 10 yr 100 yr
H
5 0.0089 0.0093 0.0096
9 Tiss
SWL
— 0.0135 0.0123 0.0112
9 " Tass
1
theory Wave particle velocity directly from metocean data
maximum wave particle velocity (Uym) 1.30 1.50 1.60 Uwh
: . AN
angle of attack relative to P/L axis (a) 90 90 90 a
um
horizontal wave velocity | to P/L (Uyn) 1.30 1.50 1.60 !
Current:
Height above seabed at which velocity is known z* 1m
Spring tide Ust 0 m/s
Storm surge, RP1 yr Uss1 = 0.89 m/s
Storm surge, RP10 yr Ugs 10 = 1 m/s
Storm surge, RP100 yr Uss 100 = 1.12 m/s
Current velocity at reference height: Ucsr = Ug + Ugs Uczra 0.89 m/s
Uczr10 = 1 m/s
Uczr,lOO = 1.12 m/s
Angle of attack relative to pipeline axis Olye 90 deg
7
7 op,, )"
; ; . u == Ug | —— : Sm(auc) -
Horizontal current velocity | to P/L: cmperp 8 . Ucm,perp.1 0.707 m/s
uc:m,perp,lo 0.794 m/s
Ucm,perp,100 = 0.890 m/s
Hydrodynamic coefficients:
Drag coefficient Co 0.7 -
Lift coefficient C, 0.9 -
Inertia coefficient C 3.29 -
Hydrodunamic forces:
Maximum absolute hydrodynamic force (Fp+F)), RP1 yr (installation/hydrotest condition) 891 N/m
Maximum absolute hydrodynamic force (Fp+F;), RP100/10 yr (LC 1 operational condition) 1269 N/m
Maximum absolute hydrodynamic force (Fp+F)), RP10/100 yr (LC 2operational condition) 1264 N/m
Temperatures:
Ambient temperature Tamp = 4 deg. C
Static & dynamic spans Page 2 of 6
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Table 3 - NEN 3656 load factors LC1 LC2
Load factor Installation Hydrotest Operation  Operation
Self weight & content 1.1 1.1 1.1 1.1
Coating 1.2 1.2 1.2 1.2
Marine growth 0 0 1.2 1.2
Internal pressure 0 1.15 1.15 1.15
external pressure 1.1 1.1 1.1 1.1
temperature 1 11 11 1.1
environmental load 11 1.2 1.2 1.2
Pipe bundle weight in air 4619.8 4619.8 2891.0 2891.0  N/m;incl. load factors
Submerged bundle weight, Ws 2324.7 2324.7 595.9 595.9 N/m; incl. load factors
2 .2 2 2
Factored load acting on pipe, q 2523 2559 1635 1629 N/m; ¢q= \/?’w W5 +yy (Fp+Fp)
Pressure 2 144 111 111 barg
DT 11 11 46 46 deg. C
Material factor (table 3; D3.1) 1.1 1.1 1.1 1.1
Allowable stress (table 3; D3.1) 327.3 556.4 556.4 556.4 N/mm?
STATIC SPAN LENGTH - INSTALLATION
Unrestrained pipe Restrained pipe
tension compression tension  compression . (i Pi— ye- Pe)- (0D — dypy)
Hoop stress 13 1.3 13 1.3 N/mm o= 2 - dmin
2 JHiJ_B-O—PZI+4"U§HOW
Max. long. Stress 327.9 -326.6 327.9 -326.6 N/mm Omax.tong stress = >
Long. hoop stress 0.7 0.7 0.4 0.4 N/mm? Olong.hoop.stress — V" Og
Thermal exp. stress n/a n/a -26.8 -26.8  [N/mm? Othermal = Yo' Eg AT
Max. allow. bending stress 327.3 327.3 327.3 -300.2 N/I’T]l’ﬂ2 Op,max — Omax.long.stress — Olonh.hoop.stress — Othermal
Maximum span 69.3 69.3 69.3 66.3 m
STATIC SPAN LENGTH - HYDROTEST
Unrestrained pipe Restrained pipe
tension compression tension compression
Hoop stress 251.2 251.2 251.2 251.2  |N/mm?
Max. long. Stress 637.7 -386.4 637.7 -386.4  [N/mm?
Long. hoop stress 85.8 85.8 75.4 75.4 N/mm?
Thermal exp. stress n/a n/a -29.5 -29.5 N/mm?
Max. allow. bending stress 551.8 -472.3 556.4 -432.3 N/mm?
Maximum span 89.3 82.6 89.7 79.0 m
STATIC SPAN LENGTH - OPERATION LC1
Unrestrained pipe Restrained pipe
tension compression tension compression
Hoop stress 193.3 193.3 193.3 193.3 N/mm?
Max. long. Stress 627.2 -433.9 627.2 -433.9 N/mm?
Long. hoop stress 66.2 66.2 58.0 58.0 N/mm?
Thermal exp. stress n/a n/a -123.3 -123.3 N/mm?
Max. allow. bending stress 556.4 -500.1 556.4 -368.6 N/mm?
Maximum span 112.2 106.4 112.2 91.3 m
Static & dynamic spans Page 3 of 6
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STATIC SPAN LENGTH - OPERATION LC2
Unrestrained pipe Restrained pipe
tension compression tension  compression
Hoop stress 193.3 193.3 193.3 193.3 N/mm?
Max. long. Stress 627.2 -433.9 627.2 -433.9 N/mm?
Long. hoop stress 66.2 66.2 58.0 58.0 N/mm?
Thermal exp. stress n/a n/a -123.3 -123.3 N/mm?
Max. allow. bending stress 556.4 -500.1 556.4 -368.6 N/mm?
Maximum span 1124 106.5 1124 91.5 m
Static & dynamic spans Page 4 of 6



poects  aoois &3 enersea

Subject . Static & Dynamic Span Analysis

File # : 19018-60-CAL-01004-02-01 - Allowable free span (static & dynamic) calculations - 8m.xlsm

Client . ONE-Dyas

Client File # : 19018-60-CAL-01004-02-01 - Allowable free span (static & dynamic) calculations - 8m.xlsm

Originator : BEVW Checked . PF
Date 1 27/01/2020

Revision 101

DYNAMIC SPAN ANALYSIS (NEN 3656 - 1.5.2.5)

- - I 2mx46
Assessment Stability parameter, Ks < 1.8 => in-line vibration K= —— Where,
Stability parameter, Ks < 16 => cross flow vibration Pw X Dg
d = damping factor water: 0.02x2x 7™ = 0.126 -
r, = seawater density = 1025 kg/m®
D, = outer diameter (incl. coating) = 514 mm

m = effective mass
M = Wyyndie  Madded

T 2
Myagea = Z - Cp Pw - Do,eq
C., = added mass coefficient = 1.2 -

D,.eq = €quivalent diameter (incl. coating) 514 mm

Due to the presense of 2 objects attached to eachother, velocity flow intensification occurs:

D}
Vigt = (Vwave + chr) X (1 + fint); fint = {1 + (4 - CE:LZ)} Where,
D, = diameter of obstruction
CL = centerline distance P/L - obstruction

IN-LINE VIV:
Given the stability factor (Ks), the horizontal particle velocity (v), possibly including vicinity factor and the reduced velocity (Vr), the first eigen frequency (f1) can be
determined prior to vibration occurring.

Reduced velocity, Vr, based on NEN 3656 1.5.2.5.2

v

Vi=—— if 1,0 < V, = 3,5 then oscillation occurs => Vr<1,0 design criterium
f-l b DD
Vris set to 1 as conservative value; Vr = 1.0 -
—
£ a | Exl
= [—————
V7o \mxL? Where,
a = frequency factor (22 for fixed/fixed; 9.87 for pinned/pinned)
a = 15.4 for fixed/pinned a= 15.4 -
Waves (Hs & T2):
Significant wave height, RP1 yr - installation/hydrotest Hs, = 39 m
Associated wave period, RP1 yr T, = 6.4 s
Significant wave height, RP10 yr - operational Hs10 = 41 m
Associated wave period, RP10 yr T,10= 6.5 s
Significant wave height, RP100 yr - operational Hs 100 = 42 m
Associated wave period, RP100 yr T,100 = 6.6 s
lyr 10 yr 100 yr
H
> 0.0097 0.0099 0.0098
g Tass
SWQ 0.0196 0.0182 0.0169
g Tass |
theory Wave particle velocity directly from metocean data
maximum wave particle velocity (Uym) 1.30 1.50 1.60 Uwh
: . AN
angle of attack relative to P/L axis (a) 90 90 90 a
um
horizontal wave velocity | to P/L (uyy) 1.30 1.50 1.60 !
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LC1 LC2
Installation Hydrotest Operation  Operation
effective mass 682.9 682.9 522.7 522.7 kg/m
Ks 0.63 0.63 0.49 0.49 -
In-line VIV yes yes yes yes -
cross flow VIV yes yes yes yes -
Vr 1.00 1.00 1.00 1.00 -
Uwh 0.71 0.71 0.79 0.89 m/s, set equal to Ucm, for velocity ratio 0.5
Ucm perp 0.71 0.71 0.79 0.89 m/s
Do 0.0 0.0 0.0 0.0 mm
CL 294.0 294.0 294.0 294.0 mm
fint 0.000 0.000 0.000 0.000 -
(Uwh + Ucm perp) X (1+0.5-fn) = Vit 1.41 1.41 1.59 1.78 m/s
D, 0.5140 0.5140 0.5140 05140 m
fl 2.75 2.75 3.09 3.46 1/s
Lspan,in 21.9 21.9 22.1 20.9 m

note: f, is taken into account for 50% as system doesn't instantaneously respond and vortices occur in a relatively steady state environment, which this isn't.

CROSS FLOW VIV:
Oscillation area for cross flow is given by the figure below and depends on the Reynolds number (R,) R, =

v = horizontal particle velocity (Vi)

D, = outer diameter (incl. coating) = 514 mm
Ug = dynamic viscosity seawater Ug = 4.99E-07 m?/s
Vr is set to 3.85 as conservative value; Vr = 3.85 -
6.0
WTH CROSSFLOW
OSCILLATIONS
5.0
3
T 2 Re ¢ 8 x 1(2 Ve< 5.00
NO CROSSFLOW et Re<x 12 » 10 Ve< 385
OSCILLATIONS
Ve 3.0
0 } 4 2 =T H ALY L 1 e AL =8 h R _p By 1
10 10° 0 10
Re ———>P
LC1 LC2
Installation Hydrotest Operation  Operation
Ugh 1.30 1.30 1.60 1.50 m/s
Ucm,perp 0.71 0.71 0.79 0.89 m/s
Do 0.0 0.0 0.0 0.0 mm
CL 294.0 294.0 294.0 294.0 mm
fint 0.000 0.000 0.000 0.000 -
(Uwh + Ucm perp) X (1+0.5-fn) = Vit 2.01 2.01 2.39 2.39 m/s
D, 0.5140 0.5140 0.5140 05140 m
Reynolds nr.  2.07E+06 2.07E+06 2.47E+06 2.46E+06 -
Vr 3.850 3.850 3.850 3.850 -
fl 1.01 1.01 1.21 1.21 1/s
Lspan,cross 36.0 36.0 35.3 35.3 m
SUMMARY - SPAN ANALYSIS
LC1 LC2
Installation Hydrotest Operation Operation
Lspan,in 21.9 21.9 22.1 20.9 m
Lspan,cross 36.0 36.0 35.3 35.3 m
Maximum Span Length = 20.9 m

Static & dynamic spans Page 6 of 6
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Static & Dynamic Span - 20" x 20.62 mm
Condition Overview
Pressure Temp. Content
(barg) (deg. C) (kg/m3)
Installation (P;,, Tin) 2 15 1025
Hydrotest (P, Ty) 144 15 1025
Design (Pgy, Tq) 111 50 88.7
Pipeline properties
Nominal diameter ODyom 20"
Nominal diameter ODyom = 508 mm
Nominal wall thickness dnom = 20.62 mm
Internal diameter 1D = ODrom - 2*dnom ID = 466.76 mm
Cross sectional area of steel Ay = g' {0D% — ID?} As = 31572 mm?
Section modulus w, = %-w W, = 3697384 mm?®
Moment of Inertia I= = (0D, — ID%} ls = 939135656 mm*
Corrosion allowance CA = 3 mm
Fabrication Tolerance fio = 7.25 %
Minimum wall thickness Amin = Qnom {1 — frar} — CA Amin = 16.1 mm
Average pipe diameter ODy = 1/2 - {ODyom + (ODpom - 2'tmin)}  ODg = 491.9 mm
Piggyback
Nominal diameter ODpomp = 0 mm
Nominal wall thickness dnomp = 0.0 mm
Coating and insulation data
Thickness line pipe = 3 mm
Thickness piggyback = 0 mm
Density = 930 kg/m®
Constants
gravitational acceleration g= 9.81 m/s’
Material = L360NB
Design temperature Ty = 50 °C
Yield at ambient/hydrotest temperature R = 360.00 N/mm?
Yield at design temperature Req = 360.00 N/mm?
Density Pst = 7850 kg/m3
Youngs modulus Es = 210000 N/mm?
Poisson's ratio v = 0.3 -
Linear thermal expansion coefficient o 1.16E-05 m/m/°C
Weights
installation hydrotest operation
(N/m) (N/m) (N/m)
air line pipe 2431.3 2431.3 2431.3
content 1720.6 1720.6 148.9
coating 43.9 43.9 43.9 wp:‘ps ={As"P: + Acoar " Pesar + Ainside " Peontent} " J
piggyback 0.0 0.0 0.0
coating pb 0.0 0.0 0.0
buoyancy line pipe 2086.5 2086.5 2086.5 _r. z ;
piggyback 0.0 0.0 0.0 Fy, = 2 ODgor * Pseawater * G

Static & Dynamic span to be checked for the followi

ng environmental load combinations

Condition Wave velocity | Current velocity| Comment
Installation Himax 1y 1yr
Hydrotest Himax 1y lyr
Operational Himax, 100yr 10 yr LC1
Hax 1091 100 yr LC2

Static & dynamic spans
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Environmental conditions
Water depths:
Seawater density Psw = 1025 kg/m’
Maximum water depth WDyex = 20.59 m LAT
Minimum water depth WDpin = 17 m LAT
Other water depth (user input) WD = 17 m LAT
Storm surge, RP1 yr SSyyr = -0.58 m LAT
Storm surge, RP10 yr SSioy = -0.93 m LAT
Storm surge, RP100 yr SS100yr = -1.285 m LAT
Storm surge water level, RP1 yr SSWLy,, = WD + sy, SSWLy,, = 16.42 m LAT
Storm surge water level, RP10 yr SSWLygy, = WD +SS10r  SSWlyqy, = 16.07 m LAT
Storm surge water level, RP100 yr SSWLigoyr = WD + SS100r  SSWihiygoyr = 15.715 m LAT
Highest Astronomical Tide HAT = 311 m
Waves (H nax & T max):
Maximum wave height, RP1 yr - installation/hydrotest Hmax1 = 83 m
Associated maximum wave period, RP1 yr Tassa = 89 s
Maximum wave height, RP10 yr - operational Hmax10 = 101 m
Associated maximum wave period, RP10 yr Tass10 = 94 s
Maximum wave height, RP100 yr - operational Hmax 100 = 11.55 m
Associated maximum wave period, RP100 yr Tass 100 = 9.8 s
Applied wave theory (per fig. 6.36 "Dynamics of Fixed Marine Structures")
1yr 10 yr 100 yr
H
— 0.0107 0.0117 0.0123
g T
SWL 0.0211 0.0185 0.0167
- Tiss
1
theory interpolation between data of 8 and 26m water depth
maximum wave particle velocity (Uym) 1.85 2.38 2.80 Uwh
i ) N
angle of attack relative to P/L axis () 90 90 90 o
um
horizontal wave velocity | to P/L (Uy) 1.85 2.38 2.80 !
Current:
Height above seabed at which velocity is known 7+ = im
Spring tide Ug = 0 m/s
Storm surge, RP1 yr Ugs g = 0.82 m/s
Storm surge, RP10 yr Uss.10 = 0.92 m/s
Storm surge, RP100 yr Uss 100 = 1.04 m/s
Current velocity at reference height: Ucyr = Ugp + Usg Ugzr = 0.82 m/s
Uczrio = 0.92 m/s
Ucar100 = 1.04 m/s
Angle of attack relative to pipeline axis Oy = 90 deg
y7
_ OD,om .
Horizontal current velocity 1 to P/L: Ucm,perp g Yer [ z, sin(anc) Uem,perpl = 0.647 m/s
Uem,perp,10 = 0.731 m/s
U, perp,100 = 0.826 m/s
Hydrodynamic coefficients:
Drag coefficient Cp = 0N -
Lift coefficient C.= 0.9 -
Inertia coefficient C = 3.29| -
Hydrodunamic forces:
Maximum absolute hydrodynamic force (Fp+F)), RP1 yr (installation/hydrotest condition) 1392 N/m
Maximum absolute hydrodynamic force (Fp+F;), RP100/10 yr (LC 1 operational condition) 2976 N/m
Maximum absolute hydrodynamic force (Fp+F,), RP10/100 yr (LC 2operational condition) 2360 N/m
Temperatures:
Ambient temperature Tamb = 4 deg. C
Static & dynamic spans Page 2 of 6



Project : NO5-A Pipeline Design ®
Project # " 10018 enersea
Subject : Static & Dynamic Span Analysis
File # : 19018-60-CAL-01004-03-02 - Allowable free span (static & dynamic) calculations - 17m.xlsm
Client : ONE-Dyas
Client File # : 19018-60-CAL-01004-03-02 - Allowable free span (static & dynamic) calculations - 17m.xlsm
Originator : EvW Checked : PF
Date : 12-3-2020
Revision 1 02
Table 3 - NEN 3656 load factors LC1 LC2
Load factor Installation Hydrotest Operation  Operation
Self weight & content 1.1 11 11 1.1
Coating 1.2 1.2 1.2 1.2
Marine growth 0 0 1.2 1.2
Internal pressure 0 1.15 1.15 1.15
external pressure 1.1 11 11 1.1
temperature 1 1.1 1.1 1.1
environmental load 11 1.2 1.2 1.2
Pipe bundle weight in air 4619.8 4619.8 2891.0 2891.0 N/m; incl. load factors
Submerged bundle weight, Ws 2324.7 2324.7 595.9 595.9 N/m; incl. load factors
2 2 2 2
Factored load acting on pipe, g 2784 2863 3621 2894 N/m; 4= J rw W vy (Fp+Fy)
Pressure 2 144 111 111 barg
AT 11 11 46 46 deg. C
Material factor (table 3; D3.1) 1.1 1.1 1.1 1.1
Allowable stress (table 3; D3.1) 327.3 556.4 556.4 556.4 N/mm?
STATIC SPAN LENGTH - INSTALLATION
Unrestrained pipe Restrained pipe
tension compression tension compression (yi-Pi— ye-Pe) (0D — d..i)
Hoop stress 2.9 2.9 2.9 2.9 N/mm? WME g
oyt |=3-0f+ 405,
Max. long. Stress 328.7 -325.8 328.7 -325.8  [N/mm?® Tz tomg stress = ——————5—————
Long. hoop stress 1.2 1.2 0.9 0.9 N/mm? Tiong hoop.stress — V' OF
Thermal exp. stress n/a n/a -26.8 -26.8  [N/mm? Ohermal= “Yr @ EgAT
Max. allow. bending stress 327.3 -327.1 327.3 -299.9 N/mm? Opmax = Omaxiongstress — Tlonhhoopstress — Tthermal
Maximum span 65.9 65.9 65.9 63.1 m
STATIC SPAN LENGTH - HYDROTEST
Unrestrained pipe Restrained pipe
tension compression tension compression
Hoop stress 249.7 249.7 249.7 249.7 N/mm?
Max. long. Stress 637.5 -387.8 637.5 -387.8 N/mm?
Long. hoop stress 85.8 85.8 74.9 74.9 N/mm?
Thermal exp. stress n/a n/a -29.5 -29.5 N/mm?
Max. allow. bending stress 551.6 -473.6 556.4 -4332  [N/mm?
Maximum span 84.4 78.2 84.8 74.8 m
STATIC SPAN LENGTH - OPERATION LC1
Unrestrained pipe Restrained pipe
tension compression tension compression
Hoop stress 191.8 191.8 191.8 191.8 N/mm?
Max. long. Stress 626.9 -435.1 626.9 -435.1 N/mm?
Long. hoop stress 66.2 66.2 57.6 57.6 N/mm?
Thermal exp. stress n/a n/a -123.3 -123.3 N/mm?
Max. allow. bending stress 556.4 -501.2 556.4 -369.4 N/mm?
Maximum span 75.4 71.5 75.4 61.4 m
Static & dynamic spans Page 3 of 6
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STATIC SPAN LENGTH - OPERATION LC2
Unrestrained pipe Restrained pipe
tension compression tension compression
Hoop stress 191.8 191.8 191.8 191.8 N/mm?
Max. long. Stress 626.9 -435.1 626.9 -435.1 N/mm?
Long. hoop stress 66.2 66.2 57.6 57.6 N/mm?
Thermal exp. stress n/a n/a -123.3 -123.3 N/mm?
Max. allow. bending stress 556.4 -501.2 556.4 -369.4 N/mm?
Maximum span 84.3 80.0 84.3 68.7 m
Static & dynamic spans Page 4 of 6
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DYNAMIC SPAN ANALYSIS (NEN 3656 - 1.5.2.5)
- L 2mx§
Assessment Stability parameter, Ks < 1.8 => in-line vibration K = — Where,
Stability parameter, Ks < 16 => cross flow vibration pw X Dg
6 = damping factor water: 0.02x2x m = 0.126 -
pw = Seawater density = 1025 kg/m’
D, = outer diameter (incl. coating) = 514 mm
m = effective mass
M = Whindie + Madded
L 2
Maagea = Z * G Pw - Do,eq
C,, = added mass coefficient = 1.2 -
D, eq = €quivalent diameter (incl. coating) = 514 mm

Due to the presense of 2 objects attached to eachother, velocity flow intensification occurs:

D3,
Vior = (Vuave * Veur) X (1 + i f= {1 (%)) Where,
D, = diameter of obstruction
CL = centerline distance P/L - obstruction

IN-LINE VIV:

Given the stability factor (Ks), the horizontal particle velocity (v), possibly including vicinity factor and the reduced velocity (Vr), the first eigen frequency (f1) can be

determined prior to vibration occurring.

Reduced velocity, Vr, based on NEN 3656 1.5.2.5.2

_ v
" fixD,

if 1,0 < V, < 3,5 then oscillation occurs => Vr<1,0 design criterium
Vris setto 1 as conservative value; Vr =

a | Ex]

1.0 -

fi=— | —"°
17 on Vm=<L* Where,
a = frequency factor (22 for fixed/fixed; 9.87 for pinned/pinned)
a = 15.4 for fixed/pinned a= 15.4 -
Waves (Hs & Tz):
Significant wave height, RP1 yr - installation/hydrotest Hs1 = 52 m
Associated wave period, RP1 yr T = 82s
Significant wave height, RP10 yr - operational Hs10 = 6.25 m
Associated wave period, RP10 yr Ty = 89 s
Significant wave height, RP100 yr - operational Hs 100 = 7.05 m
Associated wave period, RP100 yr T,100 = 945 s
1yr 10 yr 100 yr
H
— 0.0080 0.0080 0.0080
9 Tass
SW‘;‘ 0.0252 0.0207 0.0179
9 Tass ,
theory interpolation between data of 8 and 26m water depth
maximum wave particle velocity (Uym) 1.33 1.76 2.08 U
angle of attack relative to P/L axis (&) 90 90 90 o
um
horizontal wave velocityl to P/L (uy) 1.33 1.76 2.08 !
Static & dynamic spans Page 5 of 6
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LC1 LC2
Installation Hydrotest Operation  Operation
effective mass 682.9 682.9 522.7 522.7 kg/m
Ks 0.63 0.63 0.49 0.49 -
In-line VIV yes yes yes yes -
cross flow VIV yes yes yes yes -
Vr 1.00 1.00 1.00 1.00 -
Uwh 0.65 0.65 0.73 0.83 m/s, set equal to Ucm, for velocity ratio 0.5
Uem,perp 0.65 0.65 0.73 0.83 m/s
Dap 0.0 0.0 0.0 0.0 mm
CL 294.0 294.0 294.0 294.0 mm
fint 0.000 0.000 0.000 0.000 -
(Ui * Uem,perp) X (1+0.5-Fin) = Vit 1.29 1.29 1.46 1.65 m/s
D, 0.5140 0.5140 0.5140 05140 m
f1 2.52 2.52 2.84 3.21 1/s
Lspan,in 229 229 23.0 216 m
note: f;, is taken into account for 50% as system doesn't instantaneously respond and vortices occur in a relatively steady state environment, which this isn't.
CROSS FLOW VIV: v D
Oscillation area for cross flow is given by the figure below and depends on the Reynolds number (R) R, = ” o
d
v = horizontal particle velocity (V)
D, = outer diameter (incl. coating) E 514 mm
V4 = dynamic viscosity seawater Vg = 4.99E-07 m?/s
Vr is set to 3.85 as conservative value; Vr = 3.85 -
6.0 0
WITH CROSSFLOW
OSCILLATIONS
5.0
&
s5 [y Re < 8 x 1(‘) Ve< 5.00
. S ————
INO CROSSFLOW Re < 12 = 10 Ve< 385
OSCILLATIONS
vr 30
7
10 10° 10 10
Re ————»
LC1 LC2
Installation Hydrotest Operation  Operation
Uy 1.33 1.33 2.08 1.76 m/s
Uem,perp 0.65 0.65 0.73 0.83 m/s
Dap 0.0 0.0 0.0 0.0 mm
CL 294.0 294.0 294.0 294.0 mm
fint 0.000 0.000 0.000 0.000 -
(U + Uem,perp) X (1+0.5fn) = Vit 1.97 1.97 2.81 2.58 m/s
Do 0.5140 0.5140 0.5140 0.5140 m
Reynolds nr.  2.03E+06 2.03E+06 2.90E+06 2.66E+06 -
Vr 3.850 3.850 3.850 3.850 -
f1 1.00 1.00 1.42 1.30 1/s
Lspan,cross 36.4 36.4 32.6 34.0 m
SUMMARY - SPAN ANALYSIS
LC1 LC2
Installation  Hydrotest Operation Operation
Lspan,in 22.9 22.9 23.0 216 m
Lspan,cross 36.4 36.4 32.6 34.0 m
| Maximum Span Length = 21.6 m

Static & dynamic spans
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D. Analytical Upheaval Buckling Analysis

The following documents are included:

- 19018-60-CAL-01005-01-01 Upheaval Buckling Analysis — 43 deg

(4 pages)
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Project No. : 19018

Subject : Pipeline Upheaval Buckling - analytical

Doc. No. 1 19018-60-CAL-01005-01

Client Doc. No. : -

Calc'd by . BEvW Rev. 101

Checked Date : 24-1-2020
Upheaval buckling calculation

Pipe data

Outside pipe diameter OD; = 508 |mm

Pipe wall thickness ts = 20.62|mm

Internal pipe diameter =0D_s-2ts IDg = 466.76 mm

Steel data

Material L360NB

Density steel ps = 7850 kg/m®

Young's modulus E, = 206000 N/mm?

Poisson's ratio v = 0.3 -

Thermal expansion coefficient o = 1.17E-05 m/m/°C

Steel area =Y n-(oo2 s IDZ_S) A = 31572.3 mm?

Internal pipe area =% -n-1D? _s A = 1.71E+05 mm?

Moment of inertia - " (op*_s-ID*_s) ls = 9.39E+08 mm*

64

Pipe weight in air Wpe = 247.8 kg/m

Sea water density Fow = 1025|kg/m?

Pipeline contents density Mcont = 88.7 [kg/m®

Internal lining

Thickness 4 = Olmm

Density n = 0[kg/m?®

Lining weight W, = 0.0 kg/m

Coating data

Outer coating layer 1

Thickness te = 3[mm

Density Pe1 = 930|kg/m®

Layer 1 weight Wiy =7, 0D+ 2-,2 ~0D2 - iy W, = 4.5 kg/m

Weight piggy back line

Piggy back weight W), = 0.0 kg/m

Concrete coating

Thickness teon = Ofmm

Density Peon = 0[kg/m®

Concrete weight W=7 {024,121 2 HOD2 1520 Weo, = 0.0 kg/m
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Marine growth
Thickness tmg = Ofmm
Density Pmg = 0[kg/m®
Marine growth weight Wing :%~{(OD+24tc1+2~tcz+2~tmn+2~tmg)27(0D+24tﬂ+2~tcz+2~tmn)2}~pmg Wiy = 0.0 kg/m
Weight data
Total outside diameter ODtot=0D+2-t-42-t;p +2-to0q +2-tng  ODyy; = 514.0 mm
Contents weight Weone = 7/4-(ID =2, - peont Weont = 15.2 kg/m
Pipeline Welght in air Wr =Wpe +Wj +Wig + Wiy +Weon + Wing +Weont W, = 267.5 kg/m
Buoyancy force, Fg Fo=74-00 & py Fg = 212.7 kg/m
Submerged pipeline weight, W, W, =W, — Fg W = 54.8 kg/m
Soil data
Submerged soil cover density Y= 850|kg/m®
Angle of internal friction bsoil = 28|deg.
Potyondy coeff. Soil Psoil 0.6|-
Height soil cover from top of pipe Htop = 0.8|m
Height soil cover from center of pipe H 1.06
Soil uplift coefficient fsoil = 0.1{-

(0.5 for dense materials and 0.1 for loose materials)
Soil weight on top of pipe q=y"H-OD -(1+f-H/OD) g= 5461.9 N/m
Imperfection height 8= mm
Pressure data
Design pressure Pg = 111|barg
Maximum operating pressure P; = 95(barg
Minimum external pressure Pe = 1.01(barg
Temperature data
Seawater temperature, Tge, Tsea = 3l°c
Temperature of gas, Tgas Tgas = 43|°c
Pipeline forces
Compressive temperature force, Fy F =E- A-Ot-(Tgas —Tsea) Fr = 30438224 N

P, —P.}-OD

Tensile Poisson force, Fp Fo = A, V% Fp = 1283345.0 N
Compressive member end force, F, F, =1{Pp —Pe}~% -ID2 Fe = 1882123.1 N
Is area under considerations within anchor zone (y/n) ? =

(y: Fy can be neglected)
Effective compressive axial force, Fgs Fg =F —F +F, Fef = 3642600.5 N
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Required down load
The required download depends on:
- dimensionless maximum download parameter, Fy,
- dimensionless imperfection length parameter, F_
@W:;\/‘le and D =1L FEe—I"
where,
Fw = dimensionless maximum download parameter
w  =required download (N/mm)
F. = effective axial force (N)
El = bending stiffness pipeline (N/mmz)
d = imperfection height (mm)
F, = dimensionless imperferction length parameter
L =imperfection / exposure length (mm)
D, <4.49 ®,, = 0.0646
Requirements: 449 <D <8.06 Dy :5.68/¢>L2788.35/®L4
®, >8.06 @y, =9.6/d 2 -343/D *
L [m] FL Fw Wreq [N/m] Wava\\ [N/m]
0 0.000 0.0646 2658.345 6000
2 0.274 0.0646 2658.345 6000
4 0.549 0.0646 2658.345 6000
6 0.823 0.0646 2658.345 6000
8 1.098 0.0646 2658.345 6000
10 1.372 0.0646 2658.345 6000
12 1.647 0.0646 2658.345 6000
14 1.921 0.0646 2658.345 6000
16 2.195 0.0646 2658.345 6000
18 2.470 0.0646 2658.345 6000
20 2.744 0.0646 2658.345 6000
22 3.019 0.0646 2658.345 6000
24 3.293 0.0646 2658.345 6000
26 3.568 0.0646 2658.345 6000
28 3.842 0.0646 2658.345 6000
30 4117 0.0646 2658.345 6000
32 4.391 0.0646 2658.345 6000
34 4.665 0.0745 3064.458 6000
36 4.940 0.0844 3472.879 6000
38 5.214 0.0894 3678.596 6000
40 5.489 0.0912 3752.716 6000
42 5.763 0.0909 3741.640 6000
44 6.038 0.0893 3676.014 6000
46 6.312 0.0869 3576.265 6000
48 6.586 0.0840 3456.096 6000
50 6.861 0.0808 3324.726 6000
52 7.135 0.0775 3188.350 6000
54 7.410 0.0741 3051.110 6000
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56 7.684 0.0709 2915.740 6000
58 7.959 0.0677 2784.008 6000
60 8.233 0.0670 2756.057 6000
62 8.507 0.0672 2763.740 6000
64 8.782 0.0668 2749.280 6000
66 9.056 0.0661 2718.373 6000
68 9.331 0.0650 2675.386 6000
70 9.605 0.0638 2623.669 6000
72 9.880 0.0624 2565.802 6000
74 10.154 0.0608 2503.772 6000
76 10.428 0.0593 2439.109 6000
78 10.703 0.0577 2372.987 6000
80 10.977 0.0560 2306.308 6000
82 11.252 0.0544 2239.758 6000
84 11.526 0.0528 2173.858 6000
86 11.801 0.0513 2108.996 6000
88 12.075 0.0497 2045.461 6000
90 12.350 0.0482 1983.458 6000
92 12.624 0.0467 1923.133 6000
94 12.898 0.0453 1864.581 6000
96 13.173 0.0439 1807.859 6000
98 13.447 0.0426 1752.995 6000
100 13.722 0.0413 1699.993 6000
Required downloads
7000
6000 #=-5-5550880400000000000000000000000000000 —a— Wreq
—=&— Wavalil
5000
\EE/ 4000
o R / ‘"""‘***m
e
2000 .l
1000
0
0 20 40 60 80 100 120
Imperfection length (m)
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1. Project Introduction

1.1. Project Introduction

One-Dyas plans to develop a successfully drilled well in block NO5-A of the North Sea Dutch Continental Shelf.
More wells will be drilled at this location through the same jacket. It is planned to develop the wells by installing
a platform and a gas export pipeline with a connection to the NGT pipeline @KP142.1. The approximate length
of the pipeline is 14.7 km.

In addition, a power cable will be installed from the Riffgat Windpark to the NO5-A platform.

Figure 1: NO5-A Field layout
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1.2. Purpose Document

The Basis of Design defines the methodology and design data to be used throughout the flowline design from
the new NO5A platform to the connection to the NGT pipeline @KP142.1. This document is to be read in con-
junction with documents as listed below in order of precedence.

Number Title

NO5A-7-10-0-70026-01-01 NO5-A Pipeline Design — Basis of Design Flow Assurance

The following engineering items are described in subsequent sections of this Basis of Design report:

- Regulations, Guidelines and Specifications
- Pipeline Routing

- Seabed Geology

- Materials and Corrosion Protection

- Operational and Product Data

- Environmental Data

- Design Philosophy & Criteria

1.3. System of Units

All dimensions and calculations shall be documented using the International System of Units (SI) unless noted
otherwise.

1.4. Abbreviations
BoD Basis of Design
cwc Concrete Weight Coating
FEA Finite Element Analysis
LAT Lowest Astronomical Tide
MTO Material Take Off
PUF Poly Urethane Foam
TB Target Box
TOP Top of Pipe

VIV Vortex Induced Vibrations
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2. Regulations, Guidelines and Specifications

The references, codes, regulations, guidelines and specifications used throughout the project are outlined in
the following sections.

2.1. Regulations, Codes, Standards and Guidelines

[1] NEN3656:2015 “Eisen voor stalen buisleidingsystemen op zee” December 2015

[2] DNV-0S-F101. “Submarine Pipeline Systems.” October 2013.

[3] DNV-RP-F105. “Free Spanning Pipelines.” June 2017.

[4] DNV RP-F107. “Risk Assessment of Pipeline Protection.” May 2017.

[5] DNV-RP-F109. “On-Bottom Stability Design of Submarine Pipelines.” May 2017.

[6] DNV-RP-F110. “Global Buckling of Submarine Pipelines. Structural Design due to High
Temperature/High Pressure.” April 2018.

[7] DNV-RP-C203. “Fatigue Design of Offshore Steel Structures.” April 2016.

(8] -

[9] DNV-RP-F114. “Pipe-soil interaction for submarine pipelines.” May 2017.

[10] 21. American Lifelines Alliance. “Guidelines for the Design of Buried Steel Pipe.
ASCE July 2001.

[11] ASME Boiler and Pressure Vessel Code. Section VIII Rules for Construction of Pressure vessels. Divi-
sion 1. July 2013.

[12] Design of Submarine Pipelines Against Upheaval Buckling OTC 6335 by A.C. Palmer e.a. May 1990

[13] ISO 15589-2. “Petroleum petrochemical and natural gas industries — Cathodic protection of

pipeline transportation systems - Part 2: Offshore pipelines” 2nd edition - 2012

[14] NEN-EN 1993-1-8 — Design of Steel Structures

[15] NEN-EN-ISO 19902 — Fixed Steel Offshore Structures

[16] ASME N16.9-2001 — Factory made wrought buttwelding fittings

2.2, Project Reference Documents

[n N5-1-10-0-10000-01, Statement of Requirements for Platform NO5-A

[ Metocean Criteria for the NO5A Platform — 181892_1 R2

[ Metocean Criteria for the NO5A Platform Side Tap - 191146_1_R2

[1IV] Pipeline Bathymetry: LUO022H-553 DR-007_PR_1-4 v1.0/2-4/3-4/4-4
[V] NO5A-7-10-0-70018-01, N5A-Development-Pipeline Route and Platform Area Survey R1
[VI] NO5A-7-10-0-70020-01, Environmental Baseline Survey Report 1.0

[vi] NO5A-7-10-0-70027-01-03 Flow Assurance Design Report

[vii NO5A-7-10-0-70036-01-01 Flow Assurance Design Report -transient analysis
[1X] NO5A-7-10-0-70031-01-01 Route Selection Report

[X] LUOO22H-553-RR-03-2.1 N5a Lab Test Results Report

[X1] N5A VC-C-7 S-3 0300m CID

[X1] N5A VC-P-3 S-2 0405m CID

[Xi] N5A VC-P-8 S-4 0240m CID
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3. Design Parameters

This chapter describes the design data to be considered for the pipeline (incl. spool pieces near the riser and
the hot tap) from the new NO5A-Platform to the NGT pipeline.
3.1. Pipe Data

The basic line pipe design and spool piece data to be considered in the analysis for the export gas line are pre-
sented in Table 3-1. Steel material properties considered in the design are presented in Table 3-2.

Property

Product transported

Table 3-2 Material properties

Natural gas (dry)

Design life (years) 25
Approx. length (km) 14.7
Material grade L360 NB
Manufacturing process HFIW
Pipe outside diameter (“) 20"
Pipe outside diameter (mm) 508
Pipe internal diameter 466.76
Wall thickness (mm) 20.62 (Sch60)
Wall thickness tolerance (%) 7.3
Wall thickness tolerance (mm) +/- 1.5mm
Internal corrosion allowance (mm) 3
Anti-corrosion coating 3LPP
Anti-corrosion coating thickness (mm) 3
Anti-corrosion coating density (kg/m?3) 930
(Concrete) weight coating thickness (mm) t.b.d
concrete weight coating density (kg/m?3) 3300
Minimum hot bend radius (mm) 2540 (5D)
Table 3-1 Pipeline data
Property
Material L360NB
Density (kg/m3) 7850 kg/m3
Specified Minimum Yield Strength at 20°C (MPa) 360
Specified Minimum Yield Strength at 50°C (MPa) 360
Specified Minimum Tensile Strength (MPa) 460
Young’s modulus (Pa) 2.07 x 10%
Poisson ratio (-) 0.3
Thermal expansion coefficient (m/m-°C) 1.17 x10°
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3.2. Process conditions

Table 3-3 presents the pipeline and spool design process parameters considered in the analysis.

Property Export gas line
Design pressure 111.1 bar(g)
Operating pressures 95 bar(g)
Design temperature (min / max) -20°C/50°C
Operating temperature (min / max) 1/43°C
Ambient (air / surface) temperature -6.8°C/ +24.2 °C
Content density (arrival, nominal operation) 88.7 /96.1 kg/m3
Design flowrate (min/max) 0.14 / 6.0 MMNm3/d

Table 3-3 Process design parameters

Figure 3-1 shows the operational thermal profile along the pipeline, ref. [vii] .

lemperature Profile for 20" Pipe Buried 90 barg
a0 MMM d AL Summer —— Cane -0 GMMNmMS d a1 Summer
40
———
- —
- —
e ——
R —
T
.
10
a 2000 A000 6000 D00 10000 1000 14000 16000
NDS—A FL Length {m} NGT TiE‘iI'l

Figure 3-1 Operational thermal profile, nominal operation in summer
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3.3. Coating Material Properties

Typical material properties of the coating are given in Table 3-4.

Property Value
Anti-corrosion material type 3LPP
Anti-corrosion coating density 930 kg/m3
Anti-corrosion coating thermal conductivity 0.22 W/m°C
Anti-corrosion coating specific heat capacity 2000 J/kg°C

Table 3-4 Steel pipe coating material properties

3.4. Flange Properties

Table 3-5 presents the flange classes and main characteristics. The flange loads will be checked by using the
ASME BPVC [10] flange integrity check. Note that table 3-5 is applicable to all flanges on the flowline and spool
pieces.

Property Export gas line
Flange rating ANSI/ASME Class 1500
Flange type RTJ Swivel / Weld Neck
Weld end thickness 20.62mm

Table 3-5 Flange properties

3.5. Environmental data

For the design of the pipeline, environmental data has been taken from Ref. [II] and [lll]. Where Ref [ll] con-
tains the metocean data for the platform (water depth 26 m); Ref [llI] contains the Metocean data for the NGT
tie-in (water depth 8 m) target box. Tables 3-6 to 3-11 present the relevant metocean data for the 1 and 100
year design conditions for the applicable locations.

Property 1-year return period 100-year return period
Positive surge (m) @26m 1.58 3.04
Negative surge (m) -1.02 -1.79
LAT with respect to MSL (m) -1.41
HAT with respect to MSL (m) 1.31

Table 3-6 Near platform extreme water level data [ref. I1]

Return Period Extreme Cg [m/g] Direction [towards]
Depth Level H MNE E SE L SW w HW oMl
1-year
Mear-surface 0.36 D94 0.98 0.70 0.42 07 0.98 059 0.98
Mid-Depth 0.40 0.89 0.90 0.53 0.27 0.62 0.90 0.51 0.90
Mear-bed 0.38 074 0.74 0.42 0.25 0.56 0.74 043 074
100-years
Mear-surface 0.46 1.21 1.27 0.91 0.55 1.00 1.27 0.76 127
Mid-Depth 0.51 1.15 1.16 0.68 0.35 0.79 1.16 D.66 1.16
Mear-bed 0.49 D0.95 0.96 0.55 0.32 0.72 0.96 055 0.96

Table 3-7- Near platform design current data [ref. I1]



n E ONE-Dyas NO5A Pipeline & Spool piece — Basic Design ®
d a S Basis of design Pipeline & Tie-in Spool B enersea

l_'l NO5A-7-10-0-70028-01, Rev. 02, 17.03.2020

Return Period Hs Tz Tp Cmax Hrmiax THmax Uim
Direction [from] [m] [=8] =] [m] [m] [=]1 [mi=]
1-year
Morth 53 9.2 1.7 55 93 9.5 1.67
Morth-east 3.8 6.5 8.3 43 6.7 8.5 1.04
East 26 5.2 6.6 3.0 47 7.5 0.55
South-east 2.1 4.6 5.2 23 36 6.9 0.34
South 24 47 52 28 43 73 0.48
South-west 32 56 6.2 38 5.6 8.0 0.78
West 47 8.0 10.5 53 83 91 143
Morth-west 6.5 9.9 12.4 7.3 11.4 10.1 219
100-years
Morth 81 115 143 91 13.8 10.8 273
Morth-east 59 8.1 104 6.5 10.0 97 1.84
East 4.0 5.9 8.2 45 69 8.6 1.07
South-east 3.1 49 6.0 35 a4 7a 0.71
South 37 5.0 6.0 42 6.4 8.4 0.95
South-west 49 6.4 73 55 83 91 143
West 72 9.8 129 81 12.3 10.4 240
Morth-west 99 12.3 149 11.1 16.9 115 3.20

Table 3-8 Near platform design wave data [ref. ]

Property 1-year return period 100-year return period
Positive surge (m) @26m 1.48 2.72
Negative surge (m) -0.90 -1.26
LAT with respect to MSL (m) -1.89
HAT with respect to MSL (m) 1.61

Table 3-9 Near tie-in extreme water level data [ref. lll]

Beturn Period Extreme Cs [mi/s] Direction towards] )
Depth Level H ME E SE 8 SW W HW Omni
1-year
Surface 0.31 0.52 1.04 0.51 0.27 0.50 1.04 059 1.04
Mid-depth 0.30 0.50 1.0 0.44 0.25 0.43 1.00 0.55 1.01
Mear-bed 0.26 0.45 0.89 0.23 0.10 0.19 0.61 0.39 0.89
100-years
Surface 0.37 0.63 1.25 0.62 0.32 0.60 1.25 0.71 125
Mid-depth 0.36 0.60 1.21 0.53 0.31 0.52 1.20 0.66 1.21
Mear-bed 0.33 0.57 1.12 0.29 0.13 0.23 077 0.49 1.12

Table 3-10 Near tie-in design current data [ref. 1]
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Return Period Hs Tz Tp Cmax Hrmiax THmax Uim
Direction [from] [m] [=8] =] [m] [m] [=]1 [mi=]
1-year
Morth 36 6.2 10.3 33 48 75 1.2
Morth-east 22 449 7.7 2.0 29 6.5 0.6
East 16 39 5.0 15 22 5.9 04
South-east 15 36 T 1.4 20 5.5 0.3
South 14 35 39 13 19 57 0.3
South-west 20 4.1 45 1.9 27 6.3 0.5
West 30 57 10.2 28 41 72 049
Morth-west 39 6.4 121 36 5.2 7.7 13
100-years
Morth 39 6.4 106 42 57 79 15
Morth-east 24 51 79 28 a5 6.8 0.8
East 17 4.1 52 1.9 26 62 0.5
South-east 16 AT 38 1.8 24 6.1 0.4
South 16 AT 41 1.7 23 6.0 04
South-west 22 4.3 46 24 32 6.7 0.7
West 33 6.0 10.7 36 49 75 1.2
Morth-west 42 6.6 126 45 62 81 1.8

Table 3-11 Near tie-in design wave data [ref. lll]

3.6. Marine growth
The following marine growth has been assumed, in accordance with NEN 3656 [1]
From To Thickness Density
+2m LAT Seabed 50mm 1300 kg/m3

Table 3-12 Assumed marine growth properties
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3.7. Geotechnical data

The survey report — N5A to NGT Hottap [ref. IV] indicates the soil along the route as ‘fine to medium Sand, with
occasional areas of coarse Sand and Clay with gravel and shell fragments. Three lab result reports [ref XI — XII]
present the soil parameters for the sand in the trajectory. The soil properties are listed in Table 3-13, data has
been taken from ref. X-XIll and recommended values as per NEN3656 table H.1 ref[1] based on the soil descrip-
tion as presented in [ref X]. A SBP data example of the north end of the proposed route is presented in figure 3-
14,

Submerged Angle of internal friction
Soil type Applicable area Unit Weight g ©)
(kN/m?)
Medium sand (measured) 10.2-10.5 32.5-34.9
Medium sand Pipe on surface 10 32,5
Trench backfill 8.5 28
Rock dump Crossing / Tie-in 10 40

Table 3-13 Assumed soil geotechnical properties

i | 1km
VC_P_02

|

Fine to medium

o grained SAND Area of CLAY

outcrops

|
B

Base surficial SAND (HO1)

Silty fine SAND

00 4m
ASV = 160m/s Channel
flank ——» CLAY with layers of SILT and
SAND

Figure 3-2 Soil profile from KP 0.0 to KP 6.0
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4. Pipeline route data

This chapter deals with the pipeline route data describing the starting and end point of the pipeline, the used
coordinate system, pipeline route coordinates and key facilities as well as the route bathymetry and contacts
detected along the pipeline route. Based on this info the most optimal pipeline routing has been selected (ref.
[1X].

4.1. General

The new pipeline to be installed originates at the new NO5-A Platform and terminates at the NGT platform via a
dedicated tie-in connection. The pipeline length is approx. 14.7 km.

An installation of the pipeline on top of the seabed has been indicated as an opportunity. The final cover height,
or required concrete coating thickness will be determined based on the results of a risk assessment study, the
on-bottom stability analysis and the upheaval buckling analysis.

Two pipeline/cable crossings are foreseen along the route. An overview of the field lay out is given in Figure 4-1.
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Figure 4-1 Overview NO5A platform to the tie-in location
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4.2, Coordinate system

The parameters of the geodetic system to be used for horizontal positions are listed in Table 4-1.

Item Value
Datum European Datum 1950 (ED50)
Projection ED50 / UTM zone 31 N
Ellipsoid name International 1924
Semi major axis 6378388 m
Inverse flattening 297.000
Central Meridian 03°00”00’ E
Latitude of Origin 00°00”00" N
False Northing 0mN
False Easting 500 000 mE
Scale Factor 0.9996

Table 4-1: Geodetic parameters

The vertical position is given relative to the Lowest Astronomical Tide (LAT).

4.3. Key facility coordinates

The following platform and tie in locations have been derived from Ref. [V] and are presented in Table 4-2.

Item Northing (m) Easting (m)
NO5A Platform target box 5954 608 721622
NGT target box 5940 549 718 738
NGT hot tap location KP142.1 5940532 718 766
Water depth at NO5A Platform 26 m LAT
Water depth at NGT hot tap 9.8 m LAT

Table 4-2 Key Facility coordinates

4.4, Bathymetry

Figure 4-3 shows the bathymetry along the surveyed flowline route. The water depths recorded during survey
along the proposed N0O5-A platform and the NGT pipeline hottap location ranges between 9.8 m LAT and 26.4 m
LAT.

KP0O.000 KP14.670

I I 1
2.5 km 5.0km 7.5 km 10.0 km 12.5 km 14.67 km

Figure 4-3 Seabed profile along pipeline route from P11-Unity Platform to Wye
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4.5. Side Scan Sonar Contacts & Magnetometer Anomalies

Ref. [5] describes the seafloor sediments across the NO5-A to the proposed NGT hottap location survey area to
consist of a top layer of fine to coarse sand, with occasional areas of coarse sand and clay with gravel and shell
fragments. Photographs taken along the proposed route show the presence of small ripples covering the major-
ity of the seabed within the survey corridor area.

Numerous boulders and items of debris are observed in the survey area. Most of the boulders occur in the
north of the survey area and coincide with areas of clay exposure.

4.5.1. Magnetometer Contacts

A total of 241 magnetic anomalies (appendix A) were picked within the surveyed NO5-A platform to the 36”
NGT Tie-in and NO5-A platform to Riffgat Tie-in route corridor. Most of these anomalies can be attributed to un-
known identified seabed features the following seabed infrastructures are known, one (1) pipeline and four (4)
cables. However, one (1) unknown linear feature.

The following existing pipelines and cable are detected:

e 36" Pipeline from L10-AR to Uithuizen
e Tycom Telecom cable

e  Buitengaats Power cable

e Zeeenergie Power cable

e Norned Power cable

4.5.2. Geophysical Data

Eight-Hundred-Thirty (830) side scan sonar contacts were observed within the route survey. Most of the con-
tacts are boulders located around the NO5-A platform and stretching to the east side to Riffgat, besides the
bolders the following contacts are found, twenty-six (26) debris items, two (2) wrecks. Side scan sonar data can
be found in Appendix A.

4.6. Cable & Pipeline Crossings

The following crossings along the pipeline route are envisaged:

Infrastructure Name KP Northing (m) Easting (m)
Buitengaats Electric cable 6.412 719 346 5948 729
ZeeEnergie Electric cable 6.487 719 327 5948 655
Tycom Telecom Cable Hunmanby GAP - Eemsha- 8.180 718 915 5947 014
ven

*) The NO5A Pipeline will be connected to the NGT Pipeline with a Hot tap. This hot tap is not part of the scope
of the design report.
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4.7. Approach

Near the platform a T-piece will be installed including 2 ball valves for the purpose of a future pipeline connec-
tion. At the NGT tie-in location 2 ball valves and a check valve will be placed for tie-in purposes. Figures 4-4 and
4-5 present an overview of respectively the platform and the tie-in location.
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Figure 4-4 approach layout near the platform
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Figure 4-5 approach layout near the tie-in
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5. Riser and Spool piece analysis

The purpose of the riser and expansion spool analysis at the NO5A platform is to determine the combined effect
of functional and environmental loads on the structural integrity of the system. The analysis consists of the
stress analysis of the spool pieces on both ends of the pipeline, carried out in accordance with NEN 3656:2015
(Nederlands Normalisatie-instituut, 2012).

5.1. Stress Criteria

Stresses in the riser and tie-in spool pieces will be assessed by using the finite element software ANSYS. The
analysis ensures the structural integrity of the riser/spool system by NEN 3656 (Ref. [1])

The analysis will account for the load history of the pipe over the design life by considering the following four
load cases:

e Installation

e Hydrotest

e  Operational — Nominal
e  Operational — Corroded

Considering the design cases listed above the following design loads will be considered when performing the
stress analysis, see Table 5-1.

Load Installation Hydrotest Operation

Pressure N/A Hydrotest Pressure Design Pressure

Temperature Seawater Temperature Seawater Temperature Design Temperature

Internal Fluid Seawater Seawater Product Filled

Wall Thickness Nominal Nominal Nominal / Fully corroded
1-year wave + 1-year wave + 100-year wave + 100 year cur-

Hydrodynamic Loads
1-year current 1-year current rent

Expansion Under Hydrotest Pres-  Expansion under design tem-

Pipeline End Expansion N/A sure perature and pressure

Table 5-1 Design loads

Calculated equivalent stresses for the various design conditions will be checked against the allowable stress val-
ues, as per NEN3656 (Ref. [1]), see Table 5-2.

Case Load Combination Limit Stress Allowable Equivalent Stress
As Per NEN3656 Table 3. (LB360)
Installation LC1 Re(o)/ Ym 327 MPa
Hydrotest LC4 0.85 (Re + Re(g))/ Ym 556 MPa

Operation

(Nominal / Corroded) LC4 0.85 (Re + Re(g))/ Ym 556 MPa

Table 5-2 Applied stress limits

Where:

Re = specified minimum yield strength at 202C (N/mm?).

Rey = theyield strength of the material at design temperature.
Ym = material factor (for steel 1.1).
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All design loads applied will be factored as per the requirements of NEN 3656 (Ref. [1]), see Table 5-3.

Loads Load factors for load combinations (a)

Load combinations LC1 Lc2 LC3 Lc4 LC5 LC6 LC7a LC7b LC8
Internal pressure (design pressure) - 1.25 - - - - 1.0 1.0
Internal pressure (In combination) - - - 1.15 1.15 - - 1.0 1.15

Internal pressure (max. Incidental pressure) - 1.10 - - - - - 1.1
Temperature differences (c g) 1.0 - - 1.10 1.10 - 1.0 1.0 -
Soil parameters (d) - - (d) (d) (d) - - Low -
Forced deformation (e) - - 1.1 1.1 1.1 1.1 - -
Own weight 11 - 11 11 11 11 1.0 1.0
(Possible) coating (h) 1.2 - 1.2 1.2 1.2 1.2 1.0 1.2 1.0
Pipe contents (h) 1.1 - 11 11 11 1.1 1.0 11 1.0
Installation loads (f) 1.1 - 1.10 - - 1.1 - -
Hydrostatic pressure 11 - 11 11 11 11 1.0 1.1
Marine growth (h) - - 1.2 1.2 11 - 1.0 1.0 1.0
Hydrodynamic forces 1.1 - 1.2 1.2 11 1.1 1.0 1.2 1.0

(a)

(b)

(c)

(d)
(e)
(f)
(g)
(h)

If a load has a favorable influence on the considered case this will not be considered if the load is variable and for a permanent load a
multiplication factor of 0.9 is applied.

The maximum incidental pressure does not need to be checked separately however must be ascertained by the pressure control sys-
tem.

During calculations of stress variations caused by temperature differences the highest and lowest occurring operation temperature
should be considered. The displacements loads and moments exerting on connected equipment and/or structures are to be considered
based on the design temperatures i.e. the temperature difference between the installation temperature and the maximum operational

temperature.

Reference is made to ref. [1] — K.4 to determine load spreading factors

Forced deformations can be caused by: settling differences trench roughness execution sacking differences deformations due to pre-
vented thermal expansion distortions in horizontal drilling and bottom-tow installation.

Examples of installation loads are those applied during pipelay tie-ins trenching landfalls and HDD etc.

Combined with measurements.
In the stability check (BC 7b) the most unfavorable combination must be chosen. If necessary divide by the relevant factor.

Table 5-3 Load factors

A description of the load combinations is shown below;

LC1:
LC 2:
LC 3:
LC 4:
LC5:
LC 6:a
LC 7a:

LC 7b:

LC 8:

Installation

Only internal pressure, operating pressure, incidental pressure

External load with zero internal pressure

External load with internal pressure and temperature difference

Variable load (primarily static load, e.g., temperature changes and pressure)
External pressure, external load and internal pressure zero

Incidental load (other than internal pressure)

Incidental load (meteorological)

Dynamic loading



0 n E ONE-Dyas NO5A Pipeline & Spool piece — Basic Design ®
d a S Basis of design Pipeline & Tie-in Spool B enersea
I:l NO5A-7-10-0-70028-01, Rev. 02, 17.03.2020
5.2. Model description

The riser and spool pieces will be modelled by using ANSYS dedicated submerged pipe element “PIPE59”. This
element is a uniaxial element with tension-compression, torsion, and bending capabilities and can account for
internal pressure effects. The element is a 3D element with six degrees of freedom, translations in the x, y and z
directions and rotations about the x, y and z axes. In addition the element accounts for buoyancy, wave and cur-
rent loads, and is capable of large deflections and rotations.

Hot bends are modelled by using “PIPE18” elements which are elastic bend pipe elements with similar proper-
ties as the straight “PIPE59” elements described previously.

At riser clamp locations pipe nodal translation and/or rotations shall be constrained appropriately based on the
physical constraints provided by the clamps (guide clamps / anchor clamps).

To incorporate pipeline end expansion into the spool pieces a representative pipeline length (greater than the
anchor length) will be modelled. Note that conservatively seabed undulations are neglected while modelling
these pipeline sections as this provides the greatest end expansion into the spool pieces.

Pipe-soil interaction is simulated using three independent non-linear spring elements (COMBIN39) attached to
each pipe element. The springs represent the soil frictional resistance in the axial and lateral directions and the
soils bearing capacity in the vertical direction. As the spool piece will be rock dumped after the hydrostatic test-
ing, additional non-linear springs representing the uplift resistance of the rockdump / trenched backfill mate-
rial, are attached to the pipe elements for the “operational” load cases. A detailed description of how the pipe
soil interaction will be modelled is provided separately in section 5.3.

5.3. Pipe-soil interaction

The characteristics of the springs, which simulated the pipe-soil interaction, are defined through non-linear
force-deflection curves. The force-deflection curves describe the frictional restraint provided by the soil to the
pipeline in the axial and lateral direction and the soil’s bearing capacity / upwards resistance in the vertical di-
rection. The upcoming sections describe how the force-deflection curves of the springs are generated.

5.3.1. Exposed pipeline — axial soil resistance

The axial soil resistance for a pipeline / spool piece resting on the seabed, per meter pipe-length, is a function
of the pipe submerged weight (vertical load) and the axial Coulomb friction coefficient. The axial friction is de-
termined as follows:

Faxiat = HcoulombWs
Where:

= Peak axial soil resistance [N/m]
Coulomb friction coefficient [-]
Pipe submerged weight [N/m]

® Faxial

b Hcoulomb
° Wq

The axial restraint will be described through a bi-linear force-displacement relationship, as shown in Figure 5-1.
The stiffness of the springs varies along the pipeline route and between load steps to account for variations in
the pipe submerged weight and soil conditions.

The axial spring mobilization displacement is assumed to be 1.25 mm.
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Figure 5-1 Axial resistance Force-Displacement curve
5.3.2. Exposed pipeline — lateral soil resistance

Lateral soil resistance is composed of two parts:

e  Coulomb friction.
e  Passive soil resistance due to the build-up of soil penetration (and hence a soil berm, as the pipe
moves laterally).

To account for both components of resistance, an equivalent friction coefficient shall be used, which is defined
as:

:uequivalent = HUcoulomb + Hpassive
Where:

. Equivalent lateral friction coefficient [-]

®*  lUcoulomb Coulomb friction coefficient [-]
®  Upgssive = Passive soil resistance coefficient [-]

Heqv

The passive soil resistance model proposed in DNV’s Recommended Practice, DNV-RP-F109 (rev. [5]) will be
used.

The passive soil resistance coefficient, for a pipeline resting on a sandy seabed, depends on the pipe penetra-
tion depth into the soil and can be determined by the formulation:

FR 2 Zp 1.25 .
*  Hpassive = o = (515 = 0.15k,2) (2)" itk <267
F z 1.25 .
®  Upassive = F_}; = Ks (Ep) if kg > 26.7
Where:
o Fp = Passive resistance force [N/m]
o I, = Vertical contact force between pipe and soil [N/m]
e D = Pipe outside diameter, including all coatings [m]
* 1z, = Total pipe penetration [m]
* K = Soil parameter for sandy soils [-]
o v = Submerged unit soil weight [N/m?3]
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The soil parameter for sand, kg, is determined as:

. = y'sD?
S FC

The total pipe penetration is taken as the sum of:

e Initial penetration due to self-weight.
e Penetration due to dynamics during laying.
e Penetration due to pipe movement under the action of waves and current.

The pipe static/initial penetration due to self-weight for pipelines resting on sandy soil will be determined using
the following formula taken from DNV-RP-F109 (rev. [5]):

Z .
- = 0.037k,7%¢

Just as for the axial restraint, the lateral soil resistance will be described through a bi-linear force-displacement
relationship as presented in Figure 5-1. The friction forces are increased monotonically to a maximum value cal-
culated as the product of the pipe submerged weight (w;) and the equivalent friction coefficient (i), at a
mobilisation distance of 2mm.

5.3.3. Vertical soil bearing capacity (Downward resistance)

The static vertical soil reaction per unit length can be determined based on bearing capacity formulas for ideal
2-D strip foundations, as per DNV-RP-F105 (rev. [3]):

Ry =¥ s0uB(Nqvess + 0.5N, B)

Where:
e Ry = Vertical soil reaction [N/m]
e N;&N, = Bearingcapacity factors [-]
Vg = Effective penetration [m] (The larger of v — D /4 and 0)
e v = \Vertical penetration [m]
e B = Contact width for pipe-soil load transfer [m]

The bearing capacity factors are determined as follows:

Ps
— pTttang 2 rs
N,=e s tan (45+2)
Where:
@5 = Angle of internal friction [°]

N, = 1.5(N, — 1) tan ¢

The contact width for pipe-soil load transfer, B, is given by:

e B=2JD-v)w ifv<D/2
e B=D ifv>D/2
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5.3.4. Buried pipeline — axial soil resistance

Soil resistance forces for buried pipeline sections are based on ASCE’s “Guidelines for the Design of Buried Steel
Pipe” [9].

The maximum axial soil force that can be transmitted to the pipe per unit length is given by:

Ko

1+
T, = nDac + nDHY', tané§

Where:

[ ]
o
1]

Soil cohesion representative of soil backfill material [N/m?] (c=0 for sand)

e H = Depth to the pipeline centreline [m]

= Coefficient of earth pressure at rest [-] (1 — sin ¢s)

= Adhesion factor [-]

Interface angle of friction for pipe and soil [°] (f¢s)

= Coating dependent factor relating the internal friction angle of the soil to the friction
angle at the pipe soil interface.

[ ]
\%on
1

The axial resistance mobilisation displacement, A;, is determined considering the soil type as follows:

o A =3mm for dense sand
o A =5mm for loose sand

o A = 8mm for stiff clay

o A = 10mm for soft sand
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5.3.5. Buried pipeline — lateral soil resistance

The maximum lateral force that the soil can transmit per unit pipe length is given by:

P, = NepcD + Ngpy'sHD

L]
=
>

1

Horizontal bearing capacity for clay (0 for c=0).
Horizontal bearing capacity factor for sand (0 for ¢, = 0)

L]
=
=
1

The bearing capacity factors are taken from figure 5-2

qh

- e
- —
- =
= -
- —
L —
= -
= —
- —
- ¢=0 -
= -
= -
— —
- -
- -
L -
— —
- —
- B
el

(A) Granular soil (B) Cohesive soil

Figure 5-2 Horizontal bearing capacity factors

The lateral soil resistance mobilization displacement is given by:

A,=0.04(H +2) < 010D to 0.15D.
2
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5.3.6. Buried pipeline — vertical upward soil resistance

The uplift resistance R,,,, of a pipe in sand consists of two components, viz. a component owing to the weight
of the soil above the pipe and a component owing to soil friction as per DNV-RP-F110 (rev. [6]). The uplift re-
sistance can therefore be expressed as:

H
Rmax = (1 + fE) (y’sHD)
The uplift resistance factor, f, is:

e f = 0.1 forloose sand (backfill)
e [ =0.5forrockdump

The non-linear force-displacement response of a buried pipe is represented by a tri-linear curve as shown in
figure 5-3.

Normalized resistance, R / R

B 1.0

Normalized displacement, 5 / &

Figure 5-3 Uplift resistance Force-Deflection curve
Where:
e &= Failure displacement (=0.0065H for loose sand backfill) (=20mm for rock dump)

e «a = 0.8 for loose sand (backfill) and @ = 0.7 for rock dump
e =02



ONE-Dyas NO5A Pipeline & Spool piece — Basic Design ®
one ) enersea

d a S Basis of design Pipeline & Tie-in Spool
I:l NO5A-7-10-0-70028-01, Rev. 02, 17.03.2020

5.4. Fatigue analysis

Fatigue is caused by time varying stresses resulting from applied loads to the riser and parts of the spool piece
system which are exposed to hydrodynamic loads.

The riser and spool piece section are from approx. LAT +6.000m to seabed level exposed to the environment
and hence are subjected to time varying loads. Three sources of time varying loads, and hence fatigue damage
to the riser, are identified:

1. Vortex Induced Vibrations (VIV)
2. Direct wave loading
3. Indirect loads resulting from platform deflections

Riser guide clamps will be spaced such that the maximum span length is below the critical span length at which
VIV can occur. The methodology for determining the critical span lengths are described in chapter 7 of this re-
port.

To assess fatigue damage due to direct and indirect wave loading, platform deflections are applied, and the ex-
posed riser section will be subjected to hydrodynamic drag and inertia forces. The drag and inertia forces are
determined using the wave induced velocities and accelerations as experienced by the riser section over the
lifetime of the pipeline system considering the ”Individual Wave Scatter Diagrams for Fatigue H-T” attached as
appendix B.

To estimate the fatigue damage, due to direct and indirect wave loading, a detailed finite element assessment
will be carried out considering the same finite element model of the riser spool system as described in Section
5.

In this case the H-T wave scatter diagram will be subdivided into a number of representative blocks, with a sin-
gle sea-state selected to represent all waves in that block. For the wave height within a particular bin the mean
wave height is selected and the corresponding wave period is based on the weighted average of the mean wave
periods. This reduces the number of required finite element analyses. These wave blocks and the corresponding
platform deflections based on the actual platform deflections will be applied to the model. The analyses will
account for the directionality of the wave and the number of occurrences of the waves as per the scatter dia-
grams. The maximum longitudinal (= axial + bending) stress ranges are extracted from the riser elements as fol-
lows:

AO-ax,max = AO-ax,pdeflect + AO-ax,wave =2x O-ax,amelitude,pdeflect + (Uax,max,wave - Gax,min,wave)

Where:
*  AOuxpaefiect = Longitudinal stress range due to platform deflection [N/m?]
* A0y wave = Longitudinal stress range due to wave [N/m?]
®  Ouxamplitudepdeflect = Single longitudinal stress amplitude due to platform deflection [N/m?]

Ogax maxwave = Maximum longitudinal stress due to wave [N/m?]

Oax minwave = Minimum longitudinal stress due to wave [N/m?]
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The allowable number of cycles will then be determined (Ny) in relation to the maximum longitudinal stress
range in all riser elements (A0, mqx) for each wave block given by:

log N, = loga, — m,log (Aaax‘max(t/tref)k)

Where:
e N, = Predicted number of cycles of failure for stress range [-]
® AGequmax = mMaximum stressrange [N/m?]
o loga, = Constant valid in the range n (see Table 5-4)
e m, = Constant valid in the range n (see Table 5-4)
o t = Wall thickness [m]
o trer = Reference wall thickness (16mm)
o k = Thickness component (see Table 5-4)

. . N<=10° cycles N>10° cycles Fatigue limit Thickness component
S-N curve designation 107 cvel k
mi log(a1) m: log(az) at 10%cycles (k)
F (seawater with cathodic protection) 3.0 11.455 5.0 15.091 41.52 0.00

Table 5-4. Fatigue curve parameters (ref. [6])

The design S-N curve (F-curve) is selected according to Table 2.5 of DNV-RP-C203, Ref [7] based on the ex-
pected maximum misalignment 5., see equation 2.10.5 of Ref [7]. The expected misalighment is calculated
based on the pipe diameter/wall thickness and pipe tolerances (thickness and diameter) as given in Table 3.1.

The Stress Concentration Factor (SCF), to be used in the fatigue calculations for both the corroded and non-
corroded wall thickness case, is shown in Table 5.5. They are calculated based on equations 2.10.4 and 2.10.1
of DNV-RP-C203, Ref [7].

Pipeline Case Om(mm) SCF
20" Export Gas Non corroded 2.12 1.25
20" Export Gas Corroded 2.12 1.29

Table 5-5. Overview SCFs

The total fatigue damage due to direct wave loading and platform deflections is then determined, through sum-
mation using the Palmgren-Miner rule at each element in the riser as follows:

=3 &)

Where:
o k = Number of stress/wave blocks
e n; = Number of stress cycles/wave occurrences in stress block i
e N; = Number of cycles to failure at constant stress range in stress block i
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The acceptability of the fatigue damage is then determined by comparison with the allowable fatigue damage
(afq¢) ratio as given in Ref. [2]:

Qpqr = FD
Where:
Qpqr = Allowable damage ratio = 0.1 [2]
5.5. Low cycle analysis

The riser and spool piece system will also be checked for low cycle fatigue, i.e. stress variations due to pressure
and temperature fluctuations. During the pipeline’s life time the following pressure/temperature fluctuations
are anticipated:

- 1xstrength test
- 3x leak tests (worst case)

- 25x shut down: Dp = 75 barg and temperature to ambient (annual shut down)

The allowable cycles for the resulting stress variations are to be determined from figure K.8 of ref. [1].
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6. Wall Thickness Analysis

Several phenomena are to be investigated prior to finalising the selected wall thickness. Elements to be taken
into account:

- pressure containment;

- on-bottom stability;

- implosion;

- progressive plastic collapse;
- local buckling;

- bar buckling;

6.1. Pressure containment

6.1.1. Design condition

NEN 3656, states that for every load combination the design resistance (Rd4) must be greater than or equal to
the loading effect (Sq) or:

Rd = Sd
R4 is defined as:
Rd = Re@)/ 7m
Where:
Re(o) = yield strength of the material at design temperature (N/mm?)
Vm = material factor (1.1 for steel)

For load combination LC2 (internal pressure only), the equation for hoop stress can be expressed as:

o :7p'Pd '(OD _tmin)

2-thin
Where:
Sh = hoop stress (N/mm?)
94 = load factor as per Table 5-3 (-) => 1.25
Pd = design pressure (N/mm?)
oD = outside diameter of steel pipe (mm)

tmin minimum wall thickness (mm)

The selected wall thickness (tnom) is then determined by:
N tin +CA
nom 1_ fto'

applicable corrosion Allowance (mm)

Where:

CA
frol

fabrication tolerance (%)
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Further to this, NEN 3656 specifies additional requirements for bends with a bending radius R, < 10 OD, to adjust
the hoop stress of straight pipe (torus effect).

S, (bi) = M s, (forinside bend)
2R,-OD

S;, (bo) :M'Sh (for outside bend)
2R,+0D

6.1.2. Hydrostatic Testing
The hydrostatic testing of pipeline / riser systems has two objectives:

- verify the strength of the system
- verify that there are no leaks from the system

The test pressure, Py, will be determined as per as per Section 10.18.3 of NEN 3656 (Ref. [1]).

Pemin =Cp Py - Flj:,
Where:
Co = pressure test coefficient (-) => 1.30 for gas lines; 1.25 for others
Pq = design operating pressure (N/mm?)
Re = minimum yield stress at 20 °C (N/mm?)
Rev = minimum yield stress at design temperature (N/mm?)

The maximum hydrostatic test pressure is based on the weakest part of the pipeline/riser system to be tested.
The pressure shall not exceed, Pymax, which is defined by:

3 2R thin
T (OD )

However, the maximum hydrotest pressure should not exceed the mill test pressure, which is given by:

2-R, -t
Py iy =0.9. —£&_nom and
T,mill oD
. _{tm+CA}
nom~— Y . ¢
1- ftol
Where:
thom = nominal wall thickness (mm)
tmin = minimum wall thickness (mm)
CA = applicable corrosion Allowance (mm)
ftol = fabrication tolerance (%)
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6.2. On-bottom Stability

6.2.1. Introduction

The aim of the stability analysis is to verify that the submerged weight of the pipeline ensures lateral stability
against environmental loading. Depending on the pipeline being buried or not, the on-bottom stability analysis
is carried out for the following condition(s):

- Installation — flooded
- Installation — empty
- Operation — product filled

The pipeline is to be laterally stable on the seabed for a 1 year resp. 100 year return period environmental con-
ditions for a buried resp. unburied pipe. A buried pipeline will not be subject to any environmental loading dur-
ing hydrostatic testing and operation.

6.2.2. Hydrodynamic loads

Hydrodynamic loads arise from the relative motions between pipe and seawater. They consist of drag, lift and
inertia forces.

The drag force Fo is given by:

1
Fp :CD'ODtot'E'p'V'N‘

Where:
Co = drag force coefficient (-)
ODtot = total diameter of coated pipe (m)
p = mass density of surrounding fluid (kg/m?3)

= velocity of the fluid normal to the pipe axis (m/s)

The lift force Fu is calculated by the following equation:
1 2
FL =C_ -ODyy 'E'P'V
Where:

C = lift force coefficient (-)

The inertia force Fi is determined by the following equation:
T
F, =p-C, 'Z'ODtolz -a
Where:

G

inertia force coefficient (-)

Fluid particle acceleration (m/s?)

Q
1]

The recommended values of hydrodynamic coefficients for the on-bottom stability design as a function of the
embedment of the pipeline are listed in Table 6-1.
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Pipe embedment

Coefficient Riser
0% 10% 20%

Drag 0.70 0.63 0.53 1.0

Lift 0.90 0.90 0.81 -

Inertia 3.29 2.80 2.30 2.0

Table 6-1 Overview hydrodynamic coefficients
The wave induced water particle velocities and accelerations will be determined using the appropriate wave
theory for the design wave height, period and water depth. Phase shifts between horizontal and vertical water
particle velocities will be considered.

6.2.3. Stability check

The stability of the pipelines is checked using the following relationship:

W, = fs.(@ﬁ}_;

w w
Where:

W = pipeline submerged weight (N/m)

fs = safety factor (-) => 1.1

Fo = drag force (N/m)

F = lift force (N/m)

fw = friction factor (-)

Fi = inertia force (N/m)

Fp = passive soil resistance (N/m)

A safety factor (fs) of 1.1 will be implemented. The above equation assumes absolute stability criteria. Note that
the actual Fy is limited to the maximum of the combined drag and inertia forces.

The passive soil resistance is derived from:

Fp =05 pgoi & - K,

Where:
Psoil = submerged soil density (kg/m?3)
€ = embedment of pipeline (m)
Kp = coefficient of passive soil resistance (-)

and Kp is calculated from :

= M = tanz.[45+£j
P 1-sin(p) 2

Where:

o] = angle of internal friction (°)
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6.3. Implosion

6.3.1. External overpressure

The collapse pressure pc causing implosion (radial instability) can be determined using:

(P—P)-(PZ—Pz)—P-P-P.2-5.&
c e c p /7 "%c e p 0 t

Where:
Dg = nominal diameter of pipe (mm)
Pc = critical external pressure for collapse (N/mm?2)
Pe = critical external pressure for elastic deformation (N/mm?)
Po = critical external pressure for plastic deformation (N/mm?)
PL = allowable external pressure (N/mm?)
do = initial deformation (mm)
t = nominal wall thickness (mm)

1
Dg = E ' {ODnom - (ODnom -2 tmin)}

The critical external pressure for plastic deformation is calculated from:

_2-R, -t

P
p D

nom

The critical external pressure for elastic deformation is calculated from:

P — 2-E .(L)g}
¢ 1_V2 lDnom

Where:

v = Poisson's ratio for elastic deformation (-) => 0.3

As a part of this the initial deformation is derived from:

8y = Diax — Drin
Dyex + Drin
Where:
Dimax = largest diameter of the ovalized pipe cross section
Drmin = smallest diameter of the ovalized pipe cross section
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The maximum allowable external pressure is defined as:

rm P
Ygp P < W
Where:
Yep = load factor (-) => 1.05
™ = model factor (-) => 0.93
Ym,p = material factor (-) => 1.45
6.3.2. Bending moment

In case of a bending moment on the pipe, the moment which will cause buckling is calculated from the plastic
moment of the pipe section.

2
Mc = Dnom -t Re

The maximum allowable bending moment is defined as:

Where:

YeM
™

YmM

Mc

load factor (-) => 1.1

model factor (-) => 1.0

material factor (-) => 1.3

allowable bending moment for buckling (Nm)

critical bending moment for buckling (Nm)
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6.3.3. Combined external pressure and bending moment

When external pressure exists in combination with a bending moment besides the checks above the condition
for combined stresses as shown below shall be fulfilled.

n
7g,p’PL +(7/g,m’MLJ <

Pc/7m,p Mc/7m,M
Where:
n=21+300- t
nom
Where:
Yep = load factor for pressure (-) => 1.05
Yem = load factor for bending (-) => 1.55
™ = model factor (-) =>0.93
Ym,p = material factor for pressure (-) => 1.25
Ym,M = material factor for bending (-) =>1.15
ML = allowable bending moment for buckling (Nm)
Mc = critical bending moment for buckling (Nm)
6.4. Progressive plastic collapse

Progressive plastic deformation load cycle will lead to extreme deformation, collapse and cracks initiation
through the wall.

The condition for avoiding buckle propagation is:

2 2
R R
E = AT <| 2. 1—§(ﬂJ 4 e 0.9—§(ﬂ]

E 4\ Ry, E 4\ R,
Where:
o = coefficient of linear thermal expansion (m/ m/ ° C)
AT = temperature differential [° C] (design — installation)

Parameters have to be factored as defined in section 6.

6.5. Local buckling
In accordance with NEN 3656, if OD / t < 55, an assessment on local buckling can generally be omitted.

For this project it would mean that a local buckling check is required for a wall thickness of maximum 5.0 mm,
which will be much smaller than the anticipated wall thickness based on internal pressure and on-bottom sta-
bility. This will be checked during detailed design.

H



0 n E ONE-Dyas NO5A Pipeline & Spool piece — Basic Design ®
d a S Basis of design Pipeline & Tie-in Spool B enersea
I_'l NO5A-7-10-0-70028-01, Rev. 02, 17.03.2020

6.6. Bar buckling

In a free span the pipeline will be susceptible to bar buckling. Bar buckling may occur due to an effective axial
compressive force (N) in the pipeline. The compressive force in an axially restrained pipeline is based on the
longitudinal stress:

N=A-(v-S,—v: E-a-AT)

Where:
A = cross sectional area of steel (mm?)
Y = Poisson's ratio for elastic deformation (-) => 0.3
Sh = factored hoop stress (N/mm?)
Tt = load factor as given in Table 5-3 (-)
o = coefficient of thermal expansion (m/m/°C)
AT = pipeline temperature differential (° C) (design — installation)

The factored hoop stress (Sn) is calculated from:

Sh=7pOh
and
o = Pd '(gf)m;tnin)

Where:

P4q = design pressure (N/mm?)

tmin = minimum pipe wall thickness (mm)

oD = outside diameter of steel pipe (mm)

P = load factor as given in Table 5-3 (-)

The buckling length is based on the Euler buckling load definition, defined in Ref. [3]. Bar buckling is avoided if

the span length fulfils:
L< |a.m2EL
\ NI

allowable span length (mm)

Where:

'_
1]

moment of inertia (mm?#)



0 n E ONE-Dyas NO5A Pipeline & Spool piece — Basic Design ®
d I:l a S Basis of design Pipeline & Tie-in Spool B enersea

NO5A-7-10-0-70028-01, Rev. 02, 17.03.2020

7. Free Span analysis

Spanning of a pipeline on the seabed causes forces and stresses in the pipe. The criterion for accepting a pipe-
line configuration is that the pipe should not be subjected to over-stressing, nor to excessive dynamic loading
because of resonant oscillations of the pipe caused by the vortex shedding phenomenon during installation,
testing and throughout its operating life.

The pipeline span assessment includes the following items:

- Static span analysis
- Dynamic span analysis.

The static analysis concerns the determination of the pipe stresses under functional- and static environmental
loads for a given span length.

The dynamic span analysis is based on criteria for prevention of vortex induced vibrations (VIV) as outlined in
NEN 3656 considering both current- and wave induced velocities.

In addition, operational limits of the trenching equipment, limits the span gap (distance between the pipe and
the seabed).

Although the pipeline will be buried below the seabed prior to its operation, the pipeline must be checked for
spanning for the period between installation and burial.

In the analysis, along with the seabed topography, both functional and environmental loads are taken into con-
sideration to check pipeline structural integrity under the considered load cases.
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7.1. Static span

Combining hoop, longitudinal and bending stresses in the pipeline, which shall satisfy criteria for equivalent
stresses, gives the maximum allowable static span lengths. Checks are to be made for the installation, hydro
test and operational load case.

The maximum bending moment is calculated from the (vector) combination of the pipelines’ own weight and
hydrodynamic forces for the maximum wave condition:

q=\/7’w2‘W52+7H2‘(FD+F| )2

Where:

Tw load factor as per Table 5-3 (-)

YH load factor as per Table 5-3 (-)

End fixity of an actual span is commonly assumed between fixed - fixed and fixed — pinned and the bending mo-
ment (M) calculated from:

2
m=9t
10
Where:
L = Maximum allowable span length [m]

The maximum allowable bending moment (Man) is given by:

2'|'Gb
oD

Man =

Where:

moment of inertia (m*)

oD pipeline outside diameter (m)

Sb maximum allowable bending stress

The maximum allowable static span can then be determined by:

L max = M
OD-q
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The maximum allowable span length follows from the condition that the equivalent stress (Se) from the load
combination satisfies the following conditions:

For the operational and hydrotest cases: S, <0.85x (R, + Ry )/ 7

For the installation case: Se <R/

Where:
Re = minimum yield stress at 20 °C (N/mm?)
Rev = minimum yield stress at design temperature (N/mm?)
Ym = material factor (-) => 1.1

7.1.1. Load cases

The maximum static span will be determined for the load cases, and considering the environmental load return
periods, as detailed in Table 7-1:

Condition Wave Height Current velocity
Return Period Return Period
Installation Hmax, 1yr 1lyr
Hydrotest Humax, yr lyr
Operational,1 Hmax, 100yr 10 yr
Operational,2 Hmax,10yr 100 yr

Table 7-1 Load Cases for Span Assessment
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7.2. Dynamic span

Flow of water particles induced by currents and waves perpendicular to a spanning pipeline or riser span can
lead to vortices being shed. This will disrupt the flow around the pipe and thereby potentially cause periodic
loads on the pipeline or riser, also known as Vortex Induced Vibration (VIV).

The natural frequency of a span being close to the vortex shedding frequency can result in a resonant oscilla-
tion, possibly resulting in fatigue failure of the pipeline or riser.

The oscillations of the span may occur in two directions:

- inline with the flow (parallel to the flow direction of the water particles)
- incross flow direction (perpendicular to the flow direction of the water particles)

When assessing VIV, the span should be confirmed to be within acceptable limits set by either avoidance of VIV
or an acceptable fatigue life for both the installation and operational condition.

Relevant dimensionless parameters governing the VIV phenomenon are the reduced velocity (V:) and stability
parameter (Ks).

The reduced velocity (Vi) parameter is defined by:

v, o Vs
fn-ODml
Where,
Vs = water particle velocity due to current and significant wave (m/s)
fn = 1% natural frequency of the pipe span (1/s)
ODtot total outside diameter of the pipe (m)

The 1st natural frequency can be calculated from:

a E-l
f,=— 7
2 \\m,-L
Where,

a = frequency factor (-) => 15.4 for a fixed-pinned beam, which is used for the pipe
E = Young’s modulus (N/m?)
I = moment of inertia (m?)
L = length of span in pipeline / riser (m)

The effect of the CWC on the moment of inertia and the Young’s modulus is not taken into account; this is a
conservative approximation. The outer diameter is including the CWC.
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The stability parameter (Ks) is defined by:

K, = 2-mg é;
Psw - ODioy
Where,
Me = effective mass of pipe (kg/m)
Psw = density seawater (kg/m3)
6 = logarithmic decrement of damping (-) => 6 = 0.126 for steel

The effective mass of the pipe can be calculated as:
2
me =m+%'CM “Psw - ODiot

Where,

3
I

Pipeline / riser mass (kg/m)

Cm

added mass coefficient (-)

NEN 3656 states that In-line oscillations will occur if Ks < 1.8 and cross flow oscillations will occur if Ks < 16.

7.2.1. In-line VIV

NEN 3656 furthermore states that in-line oscillations of the span occur if the reduced velocity is within the
range of: 1.0<Vr<3.5

Vortices around a spanning pipe occur in a relatively steady state environment. The wave induced velocity var-
ies from a maximum at t=0, to zero at t=1/4*Twave. Furthermore, the system does not respond instantaneously
to the applied forcing. To ignore the wave induced velocity in assessing the allowable dynamic span length
would be too optimistic, to account for the maximum induced value would be too conservative, therefore refer-
ence is made to DNV-RP-F105. “Free Spanning Pipelines.” (ref. [3]).

According to Ref. [3], fatigue damage due to in-line VIV can be neglected if the current flow velocity ratio a, as
defined by the equation below is smaller than 0.8.

v
a = cur
VCLII’ + Vwave
Where,
Veur = Particle velocity due to current [m/s]
Vwave = Particle velocity due to waves [m/s]
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7.2.2. Cross-flow VIV

The occurrence of cross flow oscillations depends on the magnitude of the Reynolds number, Re, and the re-
duced velocity as given in Figure 7-1.

6.0
WITH CROSSFLOW
OSCILLATIONS
5.0
3
2 . Re < 8 x 1(: Ve< 5.00
NO CROSSFLOW 1 Reg1Z~x10 Ve< 385
OSCILLATIONS
Ve 3.0
0$ 2 romm ) BT H LU L et 2 cO rd P ) T, e BTSN ¢
TL S 6 7
10 10 10 10
Re ——>P>
Figure 7-1 Reduced velocity for cross flow oscillations
Re — V-ODyy;
v
Where,
v = particle velocity (m/s)
ODtot = pipeline outside diameter (m)
n = Kinematic viscosity water (m?/s) => 1,307 x 10°® (at 10 °C)
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8. Bottom roughness

8.1. General

To ensure the structural integrity of the pipeline over its entire design life finite element analyses will be carried
out using industry proven software like Ansys or RFEM.

The analysis will assess the interaction between the pipeline and the supporting soil along the entire pipeline
route and will be carried out in accordance with the requirements of NEN 3656 (Ref. [1]). The analysis will de-
termine the number of spans exceeding the allowable span length and the subsequent pre-sweeping require-
ments. The design loads at the tie-in locations will be determined and in addition the analysis will assess the
upheaval buckling response of the pipeline system under operating conditions.

The analysis will account for the load history of the pipelines over the design life by considering the following
load cases:

- Installation (empty);

- Installation (flooded);

- Pipeline operation - nominal (nominal wall thickness content filling maximum operating pressure and
temperature);

- Pipeline operation - corroded (corroded wall thickness content filling maximum operating pressure and
temperature).

The pipeline will be modelled by uniaxial elements with tension-compression torsion and bending capabilities
and can account for internal pressure effects. The element is a 3D element with six degrees of freedom transla-
tions in the x y and z directions and rotations about the x y and z axes. In addition the element needs to ac-
count for buoyancy wave and current loads and to be capable of large deflections and rotations.

The pipeline is to be modelled with a maximum element length of 0.5 — 1.0 m and accounts for all curvatures in
the horizontal plane and undulations in the vertical plane. Pipe-soil interaction is simulated using three inde-
pendent non-linear spring elements attached to each pipe element. The springs represent the soil frictional re-
sistance in the axial and lateral directions and the soils bearing capacity in the vertical direction.

For sections of the pipeline which are buried additional vertical non-linear springs representing the uplift re-
sistance of the trench backfill material will be attached to the pipe elements.

Seabed roughness will be simulated by displacing the vertical springs representing the soil bearing capacity to
the correct depth based on the bathymetric data and allowing the pipe to move and rest on the vertical springs.

When the depth of the pipeline at a certain point is less than the depth of the seabed a "free span" is identified.
Similar succeeding joints indicate a larger span. The length of the free span is determined by subtracting the
coordinates of the beginning of the span from the coordinates of the span end.

At pipeline termination points an additional axial spring will be attached to the pipeline ends to incorporate the
structural response of the subsea tie-in spool/riser and supporting piping.
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8.2. Pipe-soil interaction

The characteristics of the springs which simulate the pipe-soil interaction are defined through non-linear force
deflection curves. These force-deflection curves describe the frictional restraint provided by the soil to the pipe-
line in the axial lateral direction and the soils bearing capacity /upwards resistance in the vertical direction.

2 situations can be distinguished:

e exposed pipeline
> axial soil resistance;
> lateral soil resistance;
» vertical bearing capacity (downward resistance);

e buried pipeline

axial soil resistance;

lateral soil resistance;

vertical bearing capacity (downward resistance);
vertical upward soil resistance;

V'V VYV

Table 8-1 gives an overview of the calculation basis of the mentioned soil resistances/capacities.

Direction Exposed pipeline Buried pipeline
Axial Function of pipe submerged weight and axial Coulomb fric- Function of pipe diameter, burial depth and
tion coefficient effective unit soil weight.
Lateral Combination of Coulomb friction part and passive soil re- Based on horizontal bearing capacity factor
sistance due to build-up of soil penetration (ref. [5]) (ref. [9])

Based on bearing capacity formulas for ideal 2-D strip foun- = Based on bearing capacity formulas for ideal 2-

Vertical bearing dations ref. [3] D strip foundations ref. [3]

As per ref. [6] based on burial depth pipe di-

Vertical N/A
ertical upward / ameter and submerged soil weight

Table 8-1 Overview soil resistance/capacity calculation basis
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9. Upheaval Buckling

Buried pipelines exposed to compressive effective axial forces may get unstable beyond its anchor point and
move vertically out of the seabed if the cover has insufficient resistance. An out-of-straightness configuration
will result in forces acting on the cover perpendicular to the pipeline. In case these vertical forces exceed the
cover resistance the pipeline will buckle upwards.

The relation between minimum required cover height and the imperfection height (out-of-straightness) will be
established in accordance with ref. [11].

Parameters used in the assessment of upheaval buckling are the dimensionless imperfection length parameter
(Du):

@ =L :I
Where:
L = exposure length (m)
Ne = effective axial compressive force (N)
El = bending stiffness (N m?)

And the dimensionless maximum download parameter (®w):

w-E-I
wT o 2
Acalc'Ne

Where:

required download [N/m]

=
I

Acalc = imperfection height [m]

Depending on the @ value the required download is derived from ®y in accordance with:

@, =0.0646 for ® <4.49

=208 8835 for 449 < <806
2 4
A d
o= 2838 for o, >806
& P
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In cohesionless soils the uplift resistance (q) due to the cover of the pipe can be calculated from:

H
g=y-H -OD-(1+ f O_Dj
Where:
Y = effective under water weight of soil (N/m?3)
H = depth of cover (m)
oD = outside diameter of pipe (m)
f = uplift coefficient

0.5 for dense material
0.1 for loose material

The calculated required download (w) shall be smaller than the actual combination of the submerged weight
and uplift resistance of the pipeline.

The simplified method from Reference [11] is conservative in that it does not model a number of mitigating
factors such as:

- The finite axial stiffness of the pipeline which determines how rapidly the axial force diminishes as the
pipeline moves upwards

- The pipeline resistance to axial movement through the soil determines how far the pipeline can slide to-
wards a developing buckle.

Both the above factors may cause progressive upheaval buckling predicted by the analysis method in Reference
[11] not to occur.

Further the sinusoidal imperfection profile assumed in the model is envisaged to yield conservative download
requirements.

The results will be presented as a maximum imperfection length with respect to the cover depth and the imper-
fection height.
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10. Cathodic Protection

As per NEN 3656 the cathodic protection system of the pipeline bundle will be designed as per ref. [12]. The
characteristics of a typical anode element are given in Table 10-1.

Item Value
Type Half Shell Bracelet
Material Aluminium
Cable connections 2 x @ 20" pipeline

Table 10-1 Typical anode characteristics

The cathodic protection will be designed to prevent external corrosion of the pipeline. The mass and spacing of
the anodes will be such that the following criteria are met:

- Total anode mass to meet the mean and final current demand over the design life of the pipeline.
- Anode current output to meet the required current output at the end of the design life.
- Anode separation not to exceed a value of 300 m.

The pipeline will be divided in to sections where changes in conditions, such as water depth, operating temper-
ature or burial, can give rise to variations in design current density.

From the pipeline dimensions and the coating selected, the mean current demand, 1,,,, and the final de-
mand, I.f, shall be calculated separately as per the following:

Ie =Ac- fo-ic
Where:
I. =the current demand for a specific pipeline section calculated for mean and final conditions (A)
A, =the total surface area for a specific pipeline section (m?)
f. =the coating breakdown factor determined for mean and final conditions (-)

i, =the current density selected for mean and final conditions (A/m?)

For pipelines fully buried, a design current density (mean and final) of 20 mA/m? should be used irrespective of
seawater temperature, oxygen content or depth as per Section 7.4.3 of Ref. [12].

The coating breakdown factors for mean and final conditions, f,, taking into consideration the deign life of the
pipeline, are calculated as follows.

The mean coating breakdown factor, }?C, is determined by:

fe = fi + (0.54f - tg)

And the mean coating breakdown factor, ff , is determined by
fr=fitUf ta)
Where:

f; =the initial coating breakdown factor at the start of pipeline operation (-)
Af =the average yearly increase in the coating breakdown factor (-)

tq; =the design life (yrs)
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The initial coating breakdown factor and average yearly increase in breakdown factor are dependent on the
anti-corrosion coating and field joint coating material. Values for various coating are taken from [12] and re-
ported in Table 9-2.

Factory-applied coating type Field joint coating type fi Af
Fusion-bonded epoxy (FBE) Heat-shrinkable sleeves (HSS?) 0,080 0,0035
FBE 0,060 0,003 0
Three-layer coating systems includ- |HSSa 0,009 0,000 6
ing epoxy, adhesive and polyethylene -
(3LPE) FBE 0,008 0,005
Multilayer coating including epoxy 0,007 0,0005
and PE (e.g. moulded, HSS2 or flame
spray)
Three-layer coating systems includ- |HSS2 0,007 0,0003
ing epoxy, adhesive and polypropyl- :
ene (3LPP) FBE 0,006 0,000 2
Multilayer coating including epoxy 0,005 0,000 2
and PP (e.g. HSS?, hot tapes, moulding
or flame spray)
Heat insulation multilayer coating Thick multilayer coating systems 0,002 0,000 1
systems including epoxy, adhesive including epoxy, adhesive and/or PE,
and/or PE, PP or PU PP, PU, HSS2 or a combination of these
products.
Thick coatings: elastomeric materi- Thick elastomeric materials or 0,002 0,0001
als (e.g. polychloroprene or EPDM) or |glassfibre-reinforced resins
glassfibre-reinforced resins
Flexible pipelines Not applicable (mechanical couplings) 0,002 0,000 1
a2 HSS can be used with or without primer.

Table 10-2 Coating breakdown factors [12]

Having established the mean current demand, the total required mass of anode material for a specific pipeline
section is determined as follows:

Where:

m

ICm
u
€

= the total net anode mass, for the specific pipeline section (kg)

=the mean current demand for the specific pipeline section (A)

8760
pn-e

m=l., ty

= is the utilization factor (-) = 0.8 for bracelet anodes as per Section 8.4 of Ref. [12].

= the electrochemical capacity of the anode material per kilogram (A/h)

The electrochemical capacity of the anode material is dependent on the surface temperature of the anode and
its burial status. The applicable values are taken from Section 8.3 of Ref. [12] and reported in Table 9-3.

Having determined the total net anode mass required to meet the current demand, the minimum number of

anodes required in a specific pipeline section, will be determined as follows:

Where:

n

=the number of anodes to be installed on the specific pipeline section (-)

m
n= —
ma

mg, = the individual net anode mass (kg)
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The minimum number of anodes, n, shall be determined considering the maximum allowable anode spacing of
300m as reported in Section 8.1 of Ref. [12].

Anode type Anode surface Immersed in seawater Buried in seawater sedimentsd
temperfture? - - - -
Potential Electrochemical Potential Electrochemical
capacity capacity
Ag/AgCl/ £ Ag/AgCl/ £
seawater seawater
°C mvV Ah/kg mV Ah/kg
Aluminium <30 -1050 2000 -1000 1500
60 -1050 1500 -1000 800
80b -1000 900 -1000 400
Zinc <30 -980 750
-1030 780
> 30 to 50¢ -980 580

Electrochemical capacity for a given alloy is a function of temperature and anode current density. Reference is
made to Annex A for guidance on CP design for variations in anode current densities.

For non-buried pipelines, the anode surface temperature should be taken as the external pipeline temperature
and not the internal fluid temperature. For buried pipelines, the anode surface temperature shall be taken as
the internal fluid temperature.

a2  For anode surface temperatures between the limits stated, the electrochemical capacity shall be interpolated.

b For aluminium anodes, the anode surface temperature shall not exceed 80 °C unless the performance has been
demonstrated in tests and has been documented.

¢ For zinc anodes, the anode surface temperature shall not exceed 50 °C unless satisfactory performance has been
demonstrated in tests and has been documented.

d  Pipelines which are rock-dumped shall be considered as buried in seawater sediments.

Table 10-3 Design values for galvanic anodes [12]

To provide the required current, the actual anode current output shall be greater than or equal to the required
current output:

Where:

I, = the actual end-of-life individual current output (A)

I =the required end-of-life individual anode current output (A)

The required end-of-life individual anode current output, If, shall be calculated from the following:

s
[ = —
s n

Where:

I = the total current demand for the protection of the specific pipeline section at the end of life (A)

For a given anode size and mass, the actual individual anode current output at the end of life, Iy, is calculated
from the below equation:

Where:

E. =the design protection potential (V)
E, =the design closed-circuit potential of the anode (V)

R, =the total circuit resistance, which is assumed to be equivalent to the anode resistance (ohms)
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The anode resistance, R, shall be calculated as follows:

Where:

p =the environmental resistivity (ohm.m)

A =the exposed surface area of the anode (m?)

£} enersea

For determining the end-of-design-life anode-to-seawater resistance, the anodes shall be assumed to be con-
sumed to an extent given by their utilization factor. The approximate anode dimensions (exposed surface area)
corresponding to this degree of wastage shall be used in the anode resistance formula for R,,.
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A. Environmental Data GEOxyz

MAG ID Easting Northing Size nT
MAG_001 717953,7 5940271,5 1846
MAG_002 717991,0 5940276,5 2449
MAG_003 718039,9 5940290,0 1412
MAG_004 718041,2 5940299,0 88
MAG_005 718096,4 5940310,5 5750
MAG_006 718148,3 5942788,5 35
MAG_007 718149,5 5940331,0 2207
MAG_008 718198,9 5940350,5 4606
MAG_009 718247,8 5940365,0 878
MAG_010 718312,4 5940395,0 4218
MAG_011 718346,7 5940412,0 1847
MAG_012 718409,7 5940429,5 1254
MAG_013 718424,0 5944905,0 44
MAG_014 718444,3 5942692,5 828
MAG_015 718462,9 5941110,5 163
MAG_016 718472,4 5940453,5 1966
MAG_017 718484,8 5942724,5 4590
MAG_018 718491,8 5940449,0 962
MAG_019 718506,9 5942723,0 1900
MAG_020 718508,2 5942754,0 9330
MAG_021 718509,3 5940455,5 558
MAG_022 718516,3 5942748,5 5361
MAG_023 718534,0 5942694,0 1157
MAG_024 718548,1 5945123,5 32

£} enersea
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MAG_025 718565,1 5940481,0 3279
MAG_026 718595,9 5942616,0 52
MAG_027 718617,5 5940493,0 5243
MAG_028 718662,3 5940506,0 613
MAG_029 718720,1 5940516,0 2386
MAG_030 718766,9 5940523,0 2963
MAG_031 718829,4 5940541,0 706
MAG_032 718856,6 5940558,0 9291
MAG_033 718875,8 5944329,5 23
MAG_034 718975,9 5941798,0 86
MAG_035 718995,8 5942736,5 67
MAG_036 719033,8 5946829,5 22
MAG_037 719274,9 5946749,5 136
MAG_038 719349,1 5948063,0 51
MAG_039 719395,2 5946438,0 14
MAG_040 719449,5 5948089,0 11
MAG_041 719489,0 5947981,0 40
MAG_042 719645,7 5947744,5 73
MAG_043 720080,7 5949053,0 11
MAG_044 720398,8 5952407,0 22
MAG_045 720432,3 5952500,5 428
MAG_046 720451,3 5952357,0 15
MAG_047 720452,1 5952553,0 197
MAG_048 720492,5 5952478,5 6757
MAG_049 720507,6 5952530,5 846
MAG_050 720589,2 5952492,5 539
MAG_051 720687,5 5951846,0 11
MAG_052 720733,6 5952469,5 17
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MAG_053 720796,44 5954306,50 11

MAG_054 720823,9 5952486,5 38
MAG_055 720895,0 5952512,5 195
MAG_056 720896,6 5952528,5 258
MAG_057 720966,9 5952512,5 155
MAG_058 720972,6 5952521,0 30
MAG_059 720981,25 5955029,50 15

MAG_060 721006,69 5954892,50 18
MAG_061 721006,69 5954892,5 18
MAG_062 721043,6 5954396,5 50
MAG_063 721043,63 5954396,50 50
MAG_064 721043,6 5954396,5 50
MAG_065 721050,88 5954393,50 66
MAG_066 721050,9 5954393,5 66
MAG_067 721050,9 5954393,5 66
MAG_068 721097,9 5953584,0 8

MAG_069 721144,6 5952537,5 59
MAG_070 721224,2 5952542,0 88
MAG_071 721272 5954784,5 23
MAG_072 721272,00 5954784,50 23
MAG_073 721272,0 5954784,5 23
MAG_074 721395,3 5952547,0 97
MAG_075 721424,3 5952569,5 110
MAG_076 721424,88 5954616,50 285
MAG_077 721424,9 5954616,5 285
MAG_078 721424,88 5954616,5 285
MAG_079 721424,9 5954616,5 285
MAG_080 721430,5 5952680,5 22
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MAG_081 721567,25 5954416,50 12
MAG_082 721567,3 5954416,5 12
MAG_083 721567,25 5954416,5 12
MAG_084 721567,3 5954416,5 12
MAG_085 721568,5 5954404,5 22
MAG_086 721568,50 5954404,50 22
MAG_087 721571,7 5954762,5 18
MAG_088 721571,69 5954762,50 18
MAG_089 721571,69 5954762,5 18
MAG_090 721571,7 5954762,5 18
MAG_091 721615,3 5954915,0 27
MAG_092 721615,25 5954915,00 27
MAG_093 721615,25 5954915 27
MAG_094 721615,3 5954915 27
MAG_095 721625,25 5954596,50 53
MAG_096 721625,3 5954596,5 53
MAG_097 721625,25 5954596,5 53
MAG_098 721625,3 5954596,5 53
MAG_099 721625,4 5954919,0 28
MAG_100 721625,38 5954919,00 28
MAG_101 721625,38 5954919 28
MAG_102 721625,4 5954919 28
MAG_103 721645,7 5954971,5 66
MAG_104 721645,69 5954971,50 66
MAG_105 721645,69 5954971,5 66
MAG_106 721645,7 5954971,5 66
MAG_107 721650,5 5954550 376
MAG_108 721650,50 5954550,00 376
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MAG_109 721650,5 5954550,0 376
MAG_110 721657,8 5954589 358
MAG_111 721657,8 5954589,0 358
MAG_112 721657,81 5954589,00 358
MAG_113 721657,81 5954589 358
MAG_114 721658,0 5954624,0 45

MAG_115 721658,00 5954624,00 45

MAG_116 721658 5954624 45

MAG_117 721666,7 5954576,0 1100
MAG_118 721666,69 5954576,00 1100
MAG_119 721666,69 5954576 1100
MAG_120 721666,7 5954576 1100
MAG_121 721670,5 5954647,5 27

MAG_122 721670,50 5954647,50 27

MAG_123 721672,2 5954562,0 2733
MAG_124 721672,19 5954562,00 2733
MAG_125 721672,19 5954562 2733
MAG_126 721672,2 5954562 2733
MAG_127 721683,56 5954529,00 252
MAG_128 721683,6 5954529,0 252
MAG_129 721683,56 5954529 252
MAG_130 721683,6 5954529 252
MAG_131 721685,69 5954453,00 110
MAG_132 721685,7 5954453,0 110
MAG_133 721685,69 5954453 110
MAG_134 721685,7 5954453 110
MAG_135 721691,2 5954590,0 360
MAG_136 721691,19 5954590,00 360
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MAG_137 721691,19 5954590 360
MAG_138 721691,2 5954590 360
MAG_139 721695,69 5954426,00 35
MAG_140 721695,7 5954426,0 35
MAG_141 721695,69 5954426 35
MAG_142 721695,7 5954426 35
MAG_143 721702,2 5954504,0 58
MAG_144 721702,19 5954504,00 58
MAG_145 721702,19 5954504 58
MAG_146 721702,2 5954504 58
MAG_147 721708,19 5954468,00 119
MAG_148 721708,2 5954468,0 119
MAG_149 721708,19 5954468 119
MAG_150 721708,2 5954468 119
MAG_151 721709,3 5954964,0 21
MAG_152 721709,25 5954964,00 21
MAG_153 721709,25 5954964 21
MAG_154 721709,3 5954964 21
MAG_155 721806,3 5954401,5 10
MAG_156 721806,3 5954401,5 10
MAG_157 721806,31 5954401,50 10
MAG_158 721806,31 5954401,5 10
MAG_159 722858,06 5954425,00 43
MAG_160 722858,1 5954425,0 43
MAG_161 722858,1 5954425 43
MAG_162 723840,1 5954855,5 31
MAG_163 723840,13 5954855,50 31
MAG_164 723843,06 5954772,50 17
H
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MAG_165 723843,1 5954772,5 17
MAG_166 723868,19 5954698,50 23
MAG_167 723868,2 5954698,5 23
MAG_168 723879,8 5954617 25
MAG_169 723879,81 5954617,00 25
MAG_170 723905,06 5954389,00 15
MAG_171 723905,1 5954389,0 15
MAG_172 723905,1 5954389 15
MAG_173 723911,8 5954159 16
MAG_174 723911,81 5954159,00 16
MAG_175 723927,25 5954010,00 14
MAG_176 723927,3 5954010 14
MAG_177 723945,06 5953933,50 16
MAG_178 723945,1 5953933,5 16
MAG_179 724080,88 5954522,00 40
MAG_180 724080,9 5954522,0 40
MAG_181 724080,9 5954522 40
MAG_182 724147,19 5954742,00 61
MAG_183 724147,2 5954742 61
MAG_184 724181,8 5954587,5 57
MAG_185 724181,81 5954587,50 57
MAG_186 724182,56 5954368,00 43
MAG_187 724182,6 5954368,0 43
MAG_188 724182,6 5954368 43
MAG_189 724191,56 5954659,00 54
MAG_190 724191,6 5954659 54
MAG_191 724205 5954508,5 31
MAG_192 724205,00 5954508,50 31
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MAG_193 724205,0 5954508,5 31
MAG_194 724223,6 5954348,5 27
MAG_195 724223,63 5954348,50 27
MAG_196 724223,6 5954348,5 27
MAG_197 724298,25 5954723,50 41
MAG_198 724298,3 5954723,5 41
MAG_199 724410,1 5954332 36
MAG_200 724410,13 5954332,00 36
MAG_201 724410,1 5954332,0 36
MAG_202 724420,9 5954339 38
MAG_203 724420,94 5954339,00 38
MAG_204 724420,9 5954339,0 38
MAG_205 724426,56 5954103,00 27
MAG_206 724426,6 5954103 27
MAG_207 724436,6 5954034 31
MAG_208 724436,63 5954034,00 31
MAG_209 724442,19 5954251,00 18
MAG_210 724442,2 5954251,0 18
MAG_211 724442,2 5954251 18
MAG_212 724449,06 5954180,50 16
MAG_213 724449,1 5954180,5 16
MAG_214 724449,1 5954180,5 16
MAG_215 724509,3 5953941,5 48
MAG_216 724509,31 5953941,50 48
MAG_217 724512,88 5954320,50 12
MAG_218 724512,9 5954320,5 12
MAG_219 724512,9 5954320,5 12
MAG_220 724611,8 5953854,5 26
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MAG_221 724611,81 5953854,50 26

MAG_222 724706,25 5953751,50 26

MAG_223 724747,06 5953610,50 37

MAG_224 724772,75 5953676,00 29

MAG_225 725618,75 5953886,50 38

MAG_226 725618,8 5953886,5 38

MAG_227 726342,9 5953654 25

MAG_228 726342,94 5953654,00 25

MAG_229 727182,38 5954201,00 25

MAG_230 727182,4 5954201,0 25

MAG_231 727182,4 5954201 25

MAG_232 727518,9 5953952 5

MAG_233 727518,94 5953952,00 5

MAG_234 728994,88 5954791,50 14

MAG_235 728994,9 5954791,5 14

MAG_236 728994,9 5954791,5 14

MAG_237 729047,19 5955011,50 14

MAG_238 729047,2 5955011,5 14

MAG_239 729615,69 5955031,50 26

MAG_240 729615,7 5955031,5 26

MAG_241 729615,7 5955031,5 26

Side Sonar Scan Contacts

Contact ID Easting Northing Height Contact Type
DEB_001 718843,3 5945900,7 5.9x1.5x0.1 Debris
DEB_002 718696,2 5943976,4 3.0x0.3x0.1 Debris
DEB_003 718510,6 5942751,2 1.5x1.7xnmh Debris
DEB_004 718689,5 5942724,0 3.0x0.5x0.3 Debris
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DEB_005 718419,5 5942669,9 0.8x0.3x0.1 Debris
DEB_006 718479,3 5942653,2 2.5x1.2x0.1 Debris
DEB_007 718581,4 5942595,0 5.0x1.3x0.3 Debris
DEB_008 718582,9 5942591,3 4.1x1.0x0.6 Debris
DEB_009 718580,4 5942585,2 1.8x0.5x0.2 Debris
DEB_010 718589,2 5942584,2 5.1x2.4x0.3 Debris
DEB_011 718584,4 5942581,4 4.1x3.3x0.5 Debris
DEB_012 718550,1 5942539,3 1.4x0.8x0.2 Debris
DEB_013 718606,0 5942526,9 2.9x1.0x0.6 Debris
DEB_014 718630,6 5942524,1 2.0x0.5x0.1 Debris
DEB_015 720403,1 5952036,9 1.9x0.7x0.2 Wreck
DEB_016 718395,4 5945567,7 1.0x0.7x0.1 Wreck
DEB_017 718387,7 5945566,4 3.9x0.5x0.1 Debris
DEB_018 718282,9 5944250,1 1.6x0.7x0.3 Debris
DEB_019 718930,1 5944019,3 6.2x1.8x0.4 Debris
DEB_020 718995,4 5943832,0 2.0x0.6x0.2 Debris
DEB_021 718878,1 5943526,3 2.1x0.7x0.2 Debris
DEB_022 718167,1 5942830,6 2.2x0.8x0.2 Debris
DEB_023 718254,5 5942712,2 2.9x1.1x0.1 Debris
DEB_024 718142,1 5942390,0 3.4x1.6x0.8 Debris
DEB_025 718784,2 5941352,3 3.3x1.5xnmh Debris
DEB_026 718687,6 5941281,5 1.4x0.6x0.1 Debris
SSS_001 720764,04 5955368,29 0,9 Debris
SSS_002 720829,13 5954453,20 0,6 Debris
SSS_003 720820,73 5954342,72 0,6 Object
SSS_004 720821,77 5954270,88 0,5 Object
SSS_005 720880,99 5954431,59 0,6 Object
SSS_006 720892,17 5954300,94 0,8 Object
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SSS_007 720893,26 5954290,00 0,7 Object
SSS_008 720905,80 5954298,46 0,9 Object
SSS_009 720945,81 5954410,62 0,6 Object
SSS_010 720952,19 5954327,47 0,6 Object
SSS_011 720959,37 5954364,43 0,6 Object
SSS_012 720960,29 5954352,58 0,7 Object
SSS_013 720968,48 5954364,83 0,6 Object
SSS_014 720988,35 5954348,47 1 Object
SSS_015 720987,94 5954062,19 0,9 Object
SSS_016 721039,97 5954486,91 0,6 Object
SSS_017 720995,11 5954033,91 0,8 Object
SSS_018 721014,90 5954205,53 0,5 Object
SSS_019 721048,07 5954440,97 0,5 Object
SSS_020 721014,60 5954144,86 0,6 Object
S$SS_021 721047,79 5954403,65 0,8 Object
SSS_022 721023,57 5954124,07 0,8 Object
SSS_023 721031,84 5954112,67 0,6 Object
SSS_024 721055,06 5954273,47 0,5 Object
SSS_025 721070,04 5954387,96 0,5 Object
SSS_026 721047,65 5954157,24 0,8 Object
SSS_027 721039,23 5954011,52 0,5 Object
SSS_028 721083,56 5954252,55 0,6 Object
SSS_029 721077,94 5954055,23 0,5 Object
SSS_030 721120,45 5954342,55 0,6 Object
SSS_031 721082,86 5953986,73 0,5 Object
SSS_032 721096,70 5954103,85 0,6 Object
SSS_033 721124,20 5954225,46 0,6 Object
SSS_034 721108,47 5954016,11 1 Object
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SSS_035 721111,52 5954015,55 0,6 Object
SSS_036 721154,23 5954387,61 0,5 Object
SSS_037 721200,49 5954647,37 0,6 Object
SSS_038 721129,50 5954019,15 0,7 Object
SSS_039 721147,68 5954077,59 0,5 Object
SSS_040 721189,65 5954331,95 0,8 Object
SSS_041 721166,42 5954080,67 0,7 Object
SSS_042 721183,36 5954184,19 0,5 Object
SSS_043 721204,09 5954287,89 0,7 Object
SSS_044 721200,07 5954168,32 0,5 Object
SSS_045 721202,45 5954182,88 0,6 Object
SSS_046 721195,78 5953987,53 0,5 Object
SSS_047 721381,17 5955392,95 11 Object
SSS_048 721235,00 5954040,36 0,6 Object
SSS_049 721304,21 5954594,42 1 Object
SSS_050 721246,88 5953990,00 0,7 Object
SSS_051 721321,53 5954595,76 0,9 Object
SSS_052 721290,57 5954297,19 0,6 Object
SSS_053 721343,86 5954472,53 0,5 Object
SSS_054 721373,40 5954458,69 0,5 Object
SSS_055 721419,15 5954712,64 0,7 Object
SSS_056 721408,52 5954529,08 1,3 Object
SSS_057 721395,63 5954262,43 0,6 Object
SSS_058 721395,15 5954252,77 0,7 Object
SSS_059 721458,06 5954747,89 0,9 Object
SSS_060 721444,60 5954037,80 0,6 Object
SSS_061 721455,66 5954048,13 0,5 Object
SSS_062 721554,96 5954666,23 0,8 Object
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SSS_063 721517,58 5954248,05 0,6 Object
SSS_064 721523,03 5954218,83 0,7 Object
SSS_065 721637,89 5954907,07 0,7 Object
SSS_066 721648,13 5954914,13 0,5 Object
SSS_067 721571,49 5954203,12 0,5 Object
SSS_068 721656,39 5954932,11 1 Object
SSS_069 721616,00 5954554,46 0,6 Object
SSS_070 721674,18 5955016,59 0,5 Object
SSS_071 721655,25 5954793,46 0,7 Object
SSS_072 721625,01 5954519,17 0,7 Object
SSS_073 721680,77 5955011,05 0,7 Object
SSS_074 721652,06 5954564,38 0,6 Object
SSS_075 721604,57 5954084,46 0,7 Object
SSS_076 721626,38 5954092,91 0,5 Object
SSS_077 721625,38 5954063,72 0,7 Object
SSS_078 721717,09 5954862,86 0,6 Object
SSS_079 721718,05 5954870,34 0,7 Object
SSS_080 721738,42 5955038,28 0,7 Object
SSS_081 721723,22 5954856,19 0,6 Object
SSS_082 721624,62 5953973,00 0,7 Object
SSS_083 721767,69 5955126,00 0,6 Object
SSS_084 721775,98 5955044,12 0,7 Object
SSS_085 721796,01 5955132,17 0,8 Object
SSS_086 721801,77 5955134,43 0,7 Object
SSS_087 721710,89 5954302,92 0,5 Object
SSS_088 721800,27 5955078,78 0,5 Object
SSS_089 721746,76 5954595,75 0,6 Object
SSS_090 721788,65 5954958,66 0,6 Object
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SSS_091 721808,34 5955123,30 0,6 Object
SSS_092 721684,49 5953956,43 1,6 Object
SSS_093 721798,86 5954964,39 0,6 Object
SSS_094 721766,62 5954616,90 0,8 Object
SSS_095 721819,68 5955039,44 0,8 Object
SSS_096 721759,40 5954496,67 0,6 Object
SSS_097 721704,59 5954008,27 0,5 Object
SSS_098 721712,63 5954066,90 1 Object
SSS_099 721703,78 5953951,67 0,9 Object
SSS_100 721791,38 5954654,79 0,5 Object
SSS_101 721764,51 5954382,53 0,5 Object
SSS_102 721772,48 5954430,59 0,6 Object
SSS_103 721847,33 5954926,04 0,6 Object
SSS_104 721815,38 5954641,85 0,6 Object
SSS_105 721788,50 5954369,26 0,6 Object
SSS_106 721854,68 5954924,85 0,5 Object
SSS_107 721825,40 5954588,20 0,5 Object
SSS_108 721829,40 5954595,07 0,6 Object
SSS_109 721851,99 5954594,19 0,6 Object
SSS_110 721858,18 5954627,12 0,6 Object
SSS_111 721880,66 5954700,94 0,6 Object
SSS_112 721850,61 5954434,71 0,6 Object
SSS_113 721810,07 5953955,71 0,7 Object
SSS_114 721968,21 5955303,95 0,5 Object
SSS_115 721896,80 5954569,62 0,7 Object
SSS_116 721926,97 5954712,77 0,5 Object
SSS_117 721940,17 5954537,16 0,7 Object
SSS_118 721949,13 5954256,82 0,7 Object
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SSS_119 722061,99 5954903,71 0,5 Object
SSS_120 722026,14 5954527,01 0,7 Object
SSS_121 721976,86 5953947,97 0,6 Object
SSS_122 722031,16 5954397,32 0,7 Object
SSS_123 722007,93 5954191,32 0,6 Object
SSS_124 722037,39 5954431,37 0,9 Object
SSS_125 722065,60 5954532,75 0,5 Object
SSS_126 722072,28 5954539,20 0,5 Object
SSS_127 722049,53 5954224,70 0,8 Object
SSS_128 722128,63 5954814,33 0,6 Object
SSS_129 722131,17 5954814,97 0,5 Object
SSS_130 722141,98 5954862,02 0,5 Object
SSS_131 722091,64 5954408,44 0,8 Object
SSS_132 722066,30 5954157,96 0,6 Object
SSS_133 722079,71 5954193,94 0,6 Object
SSS_134 722127,92 5954494,60 0,5 Object
SSS_135 722094,41 5954197,41 0,5 Object
SSS_136 722100,07 5954244,99 0,7 Object
SSS_137 722112,91 5954349,57 1 Object
SSS_138 722112,75 5954276,00 0,7 Object
SSS_139 722119,71 5954332,11 0,6 Object
SSS_140 722168,47 5954646,15 0,5 Object
SSS_141 722175,02 5954701,14 0,7 Object
SSS_142 722117,03 5954180,65 0,5 Object
SSS_143 722162,02 5954289,85 0,6 Object
SSS_144 722256,41 5954766,99 0,8 Object
SSS_145 722258,54 5954554,99 0,6 Object
SSS_146 722266,05 5954620,89 0,5 Object
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SSS_147 722266,66 5954547,24 0,6 Object
SSS_148 722348,34 5955174,34 1 Object
SSS_149 722271,90 5954311,52 0,5 Object
SSS_150 722326,41 5954704,99 11 Object
SSS_151 722299,30 5954139,59 1 Object
SSS_152 722362,88 5954613,53 0,6 Object
SSS_153 722407,24 5954745,37 0,6 Object
SSS_154 722397,54 5954086,30 0,6 Object
SSS_155 722524,39 5954965,64 0,7 Object
SSS_156 722504,06 5954768,70 0,5 Object
SSS_157 722557,20 5954951,23 0,6 Object
SSS_158 722475,09 5954215,99 0,6 Object
SSS_159 722536,86 5954258,29 0,7 Object
SSS_160 722583,42 5954193,39 0,5 Object
SSS_161 722664,75 5954088,19 0,5 Object
SSS_162 722698,08 5954168,32 0,7 Object
SSS_163 722990,18 5955000,42 0,6 Object
SSS_164 723059,38 5954145,40 0,6 Object
SSS_165 723228,22 5954951,32 0,8 Object
SSS_166 723230,39 5954954,08 0,6 Object
SSS_167 723246,39 5954499,21 0,8 Object
SSS_168 723264,94 5954042,88 0,6 Object
SSS_169 723277,68 5953991,55 0,8 Object
SSS_170 723288,81 5953947,23 0,5 Object
SSS_171 723312,59 5954027,25 0,5 Object
SSS_172 723325,45 5954026,92 0,6 Object
SSS_173 723346,77 5954092,76 0,5 Object
SSS_174 723383,38 5954065,30 0,7 Object
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SSS_175 723532,73 5954134,02 0,6 Object
SSS_176 723718,13 5954854,97 0,5 Object
SSS_177 723711,89 5954061,63 0,8 Object
SSS_178 723715,87 5954080,48 0,7 Object
SSS_179 723716,67 5954083,25 0,9 Object
SSS_180 723754,52 5953968,95 11 Object
SSS_181 723862,13 5954493,02 1 Object
SSS_182 723808,64 5953913,20 0,8 Object
SSS_183 723809,10 5953901,40 0,7 Object
SSS_184 723849,19 5954109,37 0,6 Object
SSS_185 723845,06 5953991,78 0,6 Object
SSS_186 723854,66 5954067,59 0,5 Object
SSS_187 723853,79 5954050,54 0,5 Object
SSS_188 723862,24 5954111,86 0,5 Object
SSS_189 723857,63 5954050,68 0,6 Object
SSS_190 723852,05 5953876,48 0,6 Object
SSS_191 723881,22 5953902,89 0,7 Object
SSS_192 723905,57 5954059,20 0,6 Object
SSS_193 723903,64 5953887,23 0,6 Object
SSS_194 723926,72 5954041,65 0,5 Object
SSS_195 723960,42 5954035,26 0,5 Object
SSS_196 723975,07 5954068,32 0,5 Object
SSS_197 724277,58 5954747,16 0,6 Object
SSS_198 724476,72 5953817,57 0,5 Object
SSS_199 724644,94 5954411,18 0,5 Object
SSS_200 724661,78 5954539,65 0,6 Object
SSS_201 724579,57 5953602,83 0,7 Object
SSS_202 724731,05 5954433,07 0,7 Object
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SSS_203 724642,24 5953636,41 0,6 Object
SSS_204 724766,83 5954450,51 0,6 Object
SSS_205 724783,12 5954517,10 0,6 Object
SSS_206 724778,58 5954449,53 0,6 Object
SSS_207 724778,70 5954349,32 0,6 Object
SSS_208 724780,26 5953558,96 0,5 Object
SSS_209 724942,39 5954328,74 0,7 Object
SSS_210 724989,45 5954393,95 0,6 Object
S$SS_211 725009,84 5954374,67 0,7 Object
SSS_212 725048,36 5954528,27 0,6 Object
SSS_213 724985,69 5953718,56 1,2 Object
SSS_214 725096,72 5954515,79 0,5 Object
SSS_215 725124,32 5954241,75 0,6 Object
SSS_216 725134,42 5954237,50 0,6 Object
SSS_217 725144,69 5954278,59 0,6 Object
SSS_218 725092,50 5953770,38 0,5 Object
SSS_219 725150,03 5954266,54 0,5 Object
SSS_220 725152,17 5954277,48 0,5 Object
SSS_221 725178,56 5954225,18 0,5 Object
SSS_222 725124,87 5953745,24 0,6 Object
SSS_223 725115,87 5953501,85 0,5 Object
SSS_224 725172,54 5953894,35 0,5 Object
SSS_225 725246,91 5954420,97 0,7 Object
SSS_226 725261,74 5954467,16 0,7 Object
SSS_227 725212,52 5953937,96 0,6 Object
SSS_228 725244,46 5954123,17 0,5 Object
SSS_229 725262,43 5954046,93 0,6 Object
SSS_230 725276,31 5954136,17 0,5 Object
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SSS_231 725288,51 5954240,26 0,6 Object
SSS_232 725285,49 5954061,94 0,9 Object
SSS_233 725327,30 5954221,86 0,7 Object
SSS_234 725336,55 5954215,62 0,8 Object
SSS_235 725341,32 5954252,77 0,6 Object
SSS_236 725346,39 5954204,15 0,5 Object
SSS_237 725390,80 5954497,76 0,6 Object
SSS_238 725361,58 5954030,67 0,7 Object
SSS_239 725387,33 5954238,49 0,5 Object
SSS_240 725361,50 5953844,71 0,8 Object
SSS_241 725428,26 5954348,17 0,6 Object
SSS_242 725473,83 5954428,28 0,7 Object
SSS_243 725407,58 5953805,92 0,7 Object
SSS_244 725447,98 5953818,37 0,8 Object
SSS_245 725500,73 5954077,67 0,6 Object
SSS_246 725469,00 5953705,87 0,7 Object
SSS_247 725502,53 5953777,01 0,6 Object
SSS_248 725503,43 5953676,67 0,5 Object
SSS_249 725549,47 5953801,34 0,7 Object
SSS_250 725568,76 5953790,04 11 Object
SSS_251 725654,15 5954532,82 0,5 Object
SSS_252 725650,48 5954214,47 0,5 Object
SSS_253 725671,55 5954313,50 0,6 Object
SSS_254 725663,15 5954214,40 0,6 Object
SSS_255 725649,37 5953785,79 0,6 Object
SSS_256 725831,42 5954364,25 0,5 Object
SSS_257 725785,29 5953766,44 0,6 Object
SSS_258 725827,13 5953653,81 0,6 Object
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SSS_259 725928,37 5954476,41 0,6 Object
SSS_260 725965,90 5954322,62 0,7 Object
SSS_261 725997,41 5953887,92 0,5 Object
SSS_262 726052,22 5954102,79 0,5 Object
SSS_263 726057,41 5954141,89 0,6 Object
SSS_264 726125,63 5954417,63 0,7 Object
SSS_265 726114,48 5954190,77 0,6 Object
SSS_266 726107,63 5954125,64 0,7 Object
SSS_267 726119,61 5954110,39 0,6 Object
SSS_268 726091,62 5953851,33 0,7 Object
SSS_269 726190,19 5954548,21 0,6 Object
SSS_270 726173,34 5954150,49 0,5 Object
SSS_271 726253,07 5954394,21 0,9 Object
SSS_272 726319,83 5954354,42 0,5 Object
SSS_273 726386,30 5954389,49 0,7 Object
SSS_274 726412,12 5954380,81 0,6 Object
SSS_275 726385,89 5954146,61 0,9 Object
SSS_276 726544,54 5954494,79 0,5 Object
SSS_277 726502,03 5954104,70 0,8 Object
SSS_278 726506,85 5954107,53 0,7 Object
SSS_279 726592,04 5954486,38 0,7 Object
SSS_280 726742,62 5954423,38 0,7 Object
SSS_281 726870,97 5954279,25 0,6 Object
SSS_282 726958,22 5954177,60 0,6 Object
SSS_283 726989,51 5954175,50 0,7 Object
SSS_284 727046,94 5954189,82 0,5 Object
SSS_285 727104,19 5954382,52 1,1 Object
SSS_286 729697,53 5955104,13 0,6 Object
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SSS_287 729774,83 5955004,78 0,7 Object
SSS_288 729767,36 5955100,95 0,5 Object
SSS_289 729791,72 5955056,65 0,9 Object
SSS_290 729990,54 5955191,79 0,6 Object
SSS_291 730162,26 5955230,58 0,5 Object
SSS_292 730317,76 5955207,78 0,6 Object
SSS_293 730309,61 5955222,10 1,2 Object
SSS_294 730297,63 5955291,03 0,5 Object
SSS_295 730324,81 5955286,64 0,5 Object
SSS_296 730359,44 5955287,63 0,7 Object
SSS_297 730418,89 5955242,55 0,5 Object
SSS_298 730417,60 5955276,24 0,6 Object
SSS_299 730463,81 5955245,45 0,5 Object
SSS_300 730506,71 5955235,50 0,5 Object
S$SS_301 730516,10 5955237,56 0,5 Object
SSS_302 730541,92 5955229,90 0,9 Object
SSS_303 730556,17 5955284,38 0,6 Object
SSS_304 730578,58 5955257,66 0,9 Object
SSS_305 730574,39 5955355,60 0,5 Object
SSS_306 721419,2 5954712,6 0,7 Object
SSS_307 721408,5 5954529,1 1,3 Object
SSS_308 721458,1 5954747,9 0,9 Object
SSS_309 721555,0 5954666,2 0,8 Object
SSS_310 721616,0 5954554,5 0,6 Object
SSS_311 721655,2 5954793,5 0,7 Object
SSS_312 721625,0 5954519,2 0,7 Object
SSS_313 721652,1 5954564,4 0,6 Object
SSS_314 721746,8 5954595,7 0,6 Object
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SSS_315 721766,6 5954616,9 0,8 Object
SSS_316 721759,4 5954496,7 0,6 Object
SSS_317 721791,4 5954654,8 0,5 Object
SSS_318 721772,5 5954430,6 0,6 Object
SSS_319 721815,4 5954641,9 0,6 Object
SSS_320 721825,4 5954588,2 0,5 Object
§SS_321 721829,4 5954595,1 0,6 Object
SSS_322 721852,0 5954594,2 0,6 Object
SSS_323 721858,2 5954627,1 0,6 Object
SSS_324 721880,7 5954700,9 0,6 Object
SSS_325 721850,6 5954434,7 0,6 Object
SSS_326 721896,8 5954569,6 0,7 Object
SSS_327 721927,0 5954712,8 0,5 Object
SSS_328 721940,2 5954537,2 0,7 Object
SSS_329 722026,1 5954527,0 0,7 Object
SSS_330 722037,4 5954431,4 0,9 Object
SSS_331 722065,6 5954532,7 0,5 Object
SSS_332 722072,3 5954539,2 0,5 Object
SSS_333 722091,6 5954408,4 0,8 Object
SSS_334 722127,9 5954494,6 0,5 Object
SSS_335 722168,5 5954646,2 0,5 Object
SSS_336 722175,0 5954701,1 0,7 Object
SSS_337 722256,4 5954767,0 0,8 Object
SSS_338 722258,5 5954555,0 0,6 Object
SSS_339 722266,1 5954620,9 0,5 Object
SSS_340 722266,7 5954547,2 0,6 Object
SSS_341 722326,4 5954705,0 1,1 Object
SSS_342 722362,9 5954613,5 0,6 Object
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SSS_343 722407,2 5954745,4 0,6 Object
SSS_344 723246,4 5954499,2 0,8 Object
SSS_345 723862,1 5954493,0 1 Object
SSS_346 724644,9 5954411,2 0,5 Object
SSS_347 724731,1 5954433,1 0,7 Object
SSS_348 724766,8 5954450,5 0,6 Object
SSS_349 724778,6 5954449,5 0,6 Object
SSS_350 724778,7 5954349,3 0,6 Object
SSS_351 724942,4 5954328,7 0,7 Object
SSS_352 724989,4 5954394,0 0,6 Object
SSS_353 725009,8 5954374,7 0,7 Object
SSS_354 725124,3 5954241,8 0,6 Object
SSS_355 725134,4 5954237,5 0,6 Object
SSS_356 725144,7 5954278,6 0,6 Object
SSS_357 725150,0 5954266,5 0,5 Object
SSS_358 725152,2 5954277,5 0,5 Object
SSS_359 725178,6 5954225,2 0,5 Object
SSS_360 725246,9 5954421,0 0,7 Object
SSS_361 725244,5 5954123,2 0,5 Object
SSS_362 725262,4 5954046,9 0,6 Object
SSS_363 725276,3 5954136,2 0,5 Object
SSS_364 725288,5 5954240,3 0,6 Object
SSS_365 725285,5 5954061,9 0,9 Object
SSS_366 725327,3 5954221,9 0,7 Object
SSS_367 725336,5 5954215,6 0,8 Object
SSS_368 725341,3 5954252,8 0,6 Object
SSS_369 725346,4 5954204,1 0,5 Object
SSS_370 725361,6 5954030,7 0,7 Object
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SSS_371 725387,3 5954238,5 0,5 Object
SSS_372 725428,3 5954348,2 0,6 Object
SSS_373 725500,7 5954077,7 0,6 Object
SSS_374 725650,5 5954214,5 0,5 Object
SSS_375 725671,5 5954313,5 0,6 Object
SSS_376 725663,1 5954214,4 0,6 Object
SSS_377 725831,4 5954364,2 0,5 Object
SSS_378 725965,9 5954322,6 0,7 Object
SSS_379 726052,2 5954102,8 0,5 Object
SSS_380 726057,4 5954141,9 0,6 Object
SSS_381 726114,5 5954190,8 0,6 Object
SSS_382 726107,6 5954125,6 0,7 Object
SSS_383 726119,6 5954110,4 0,6 Object
SSS_384 726173,3 5954150,5 0,5 Object
SSS_385 726385,9 5954146,6 0,9 Object
SSS_386 726502,0 5954104,7 0,8 Object
SSS_387 726506,9 5954107,5 0,7 Object
SSS_388 726871,0 5954279,2 0,6 Object
SSS_389 726958,2 5954177,6 0,6 Object
SSS_390 726989,5 5954175,5 0,7 Object
SSS_391 727046,9 5954189,8 0,5 Object
SSS_392 727104,2 5954382,5 1,1 Object
SSS_393 729697,5 5955104,1 0,6 Object
SSS_394 729774,8 5955004,8 0,7 Object
SSS_395 729767,4 5955101,0 0,5 Object
SSS_396 729791,7 5955056,7 0,9 Object
SSS_397 729990,5 5955191,8 0,6 Object
SSS_398 721343,9 5954472,5 0,5 Object
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SSS_399 721373,4 5954458,7 0,5 Object
SSS_400 721517,6 5954248,1 0,6 Object
SSS_401 721290,6 5954297,2 0,6 Object
SSS_402 721395,6 5954262,4 0,6 Object
SSS_403 721571,5 5954203,1 0,5 Object
SSS_404 721523,0 5954218,8 0,7 Object
SSS_405 721395,2 5954252,8 0,7 Object
SSS_406 721626,4 5954092,9 0,5 Object
SSS_407 721604,6 5954084,5 0,7 Object
SSS_408 721455,7 5954048,1 0,5 Object
SSS_409 7214446 5954037,8 0,6 Object
SSS_410 721235,0 5954040,4 0,6 Object
SSS_411 721246,9 5953990,0 0,7 Object
SSS_412 721195,8 5953987,5 0,5 Object
SSS_413 721388,2 5953864,3 0,6 Object
SSS_414 721246,8 5953887,4 0,6 Object
SSS_415 721227,5 5953868,5 0,7 Object
$S5_416 721343,0 5953829,2 0,5 Object
SSS_417 721224,7 5953846,8 0,6 Object
SSS_418 721379,4 5953792,7 0,6 Object
$S5_419 721392,0 5953769,8 0,7 Object
SSS_420 721261,2 5953798,9 0,8 Object
SSS_421 721418,9 5953687,4 0,6 Object
SSS_422 721338,8 5953691,8 0,8 Object
SSS_423 721339,8 5953688,0 0,8 Object
SSS_424 721351,0 5953668,2 0,8 Object
SSS_425 721357,9 5953583,8 0,5 Object
SS5_426 721410,7 5953535,3 0,6 Object
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SSS_427 718503,9 5942263,9 0,8 Object
SSS_428 720988,4 5954348,5 1 Object
$SS_429 721040 5954486,9 0,6 Object
SSS_430 721048,1 5954441 0,5 Object
Sss_431 721047,8 5954403,6 0,8 Object
SSS_432 721055,1 5954273,5 0,5 Object
SSS_433 721070 5954388 0,5 Object
SSS_434 721083,6 5954252,5 0,6 Object
$SS_435 721120,5 5954342,5 0,6 Object
SSS_436 721124,2 5954225,5 0,6 Object
SSS_437 721154,2 5954387,6 0,5 Object
$SS_438 721200,5 5954647,4 0,6 Object
$SS_439 721189,7 5954332 08 Object
SSS_440 721204,1 5954287,9 0,7 Object
SSS_441 721304,2 5954594,4 1 Object
SSS_442 721321,5 5954595,8 0,9 Object
SSS_443 721290,6 5954297,2 0,6 Object
SSS_444 721343,9 5954472,5 0,5 Object
SSS_445 721373,4 5954458,7 0,5 Object
SSS_446 721419,2 5954712,6 0,7 Object
SSS_447 721408,5 5954529,1 1,3 Object
SSS_448 721395,6 5954262,4 0,6 Object
SSS_449 721395,2 5954252,8 0,7 Object
SSS_450 721458,1 5954747,9 0,9 Object
$SS_451 721555 5954666,2 08 Object
$SS_452 721517,6 5954248,1 0,6 Object
$SS_453 721523 5954218,8 0,7 Object
SSS_454 721637,9 5954907,1 0,7 Object
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$SS_455 721648,1 5954914,1 0,5 Object
SSS_456 721571,5 5954203,1 0,5 Object
$SS_457 721656,4 5954932,1 1 Object
SSS_458 721616 5954554,5 0,6 Object
SSS_459 721674,2 5955016,6 0,5 Object
SSS_460 721655,2 5954793,5 0,7 Object
SSS_461 721625 5954519,2 0,7 Object
SSS_462 721680,8 5955011 0,7 Object
SSS_463 721652,1 5954564,4 0,6 Object
SSS_464 721717,1 5954862,9 0,6 Object
$SS_465 721718,1 5954870,3 0,7 Object
SSS_466 721738,4 5955038,3 0,7 Object
SSS_467 721723,2 5954856,2 0,6 Object
SSS_468 721767,7 5955126 0,6 Object
SSS_469 721776 59550441 0,7 Object
$SS_470 721710,9 5954302,9 0,5 Object
Sss_471 721800,3 5955078,8 0,5 Object
SSS_472 721746,8 5954595,7 0,6 Object
SSS_473 721788,7 5954958,7 0,6 Object
SSS_474 721808,3 5955123,3 0,6 Object
SSS_475 721798,9 5954964,4 0,6 Object
SSS_476 721766,6 5954616,9 0,8 Object
SSS_477 721819,7 5955039,4 0,8 Object
SSS_478 721759,4 5954496,7 0,6 Object
$SS_479 721791,4 5954654,8 0,5 Object
$SS_480 721764,5 5954382,5 0,5 Object
$sS_481 721772,5 5954430,6 0,6 Object
$SS_482 721847,3 5954926 0,6 Object
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SSS_483 721815,4 5954641,9 0,6 Object
SSS_484 721788,5 5954369,3 0,6 Object
SSS_485 721854,7 5954924,8 0,5 Object
SSS_486 721825,4 5954588,2 0,5 Object
SSS_487 721829,4 5954595,1 0,6 Object
SSS_488 721852 5954594,2 0,6 Object
SSS_489 721858,2 5954627,1 0,6 Object
SSS_490 721880,7 5954700,9 0,6 Object
SSS_491 721850,6 5954434,7 0,6 Object
SSS_492 721896,8 5954569,6 0,7 Object
SSS_493 721927 5954712,8 0,5 Object
SSS_494 721940,2 5954537,2 0,7 Object
SSS_495 721949,1 5954256,8 0,7 Object
SSS_496 722062 5954903,7 0,5 Object
SSS_497 722026,1 5954527 0,7 Object
SSS_498 722031,2 5954397,3 0,7 Object
SSS_499 722007,9 5954191,3 0,6 Object
SSS_500 722037,4 5954431,4 0,9 Object
SSS_501 722065,6 5954532,7 0,5 Object
SSS_502 722072,3 5954539,2 0,5 Object
SSS_503 722049,5 5954224,7 0,8 Object
SSS_504 722128,6 5954814,3 0,6 Object
SSS_505 722131,2 5954815 0,5 Object
SSS_506 722142 5954862 0,5 Object
SSS_507 722091,6 5954408,4 0,8 Object
SSS_508 722066,3 5954158 0,6 Object
SSS_509 722079,7 5954193,9 0,6 Object
SSS_510 722127,9 5954494,6 0,5 Object
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SSS_511 722094,4 5954197,4 0,5 Object
SSS_512 722100,1 5954245 0,7 Object
SSS_513 722112,9 5954349,6 1 Object
SSS_514 722112,7 5954276 0,7 Object
SSS_515 722119,7 5954332,1 0,6 Object
SSS_516 722168,5 5954646,2 0,5 Object
SSS_517 722175 5954701,1 0,7 Object
SSS_518 722117 5954180,7 0,5 Object
SSS_519 722162 5954289,9 0,6 Object
SSS_520 722256,4 5954767 0,8 Object
SSS_521 722258,5 5954555 0,6 Object
SSS_522 722266,1 5954620,9 0,5 Object
SSS_523 722266,7 5954547,2 0,6 Object
SSS_524 722271,9 5954311,5 0,5 Object
SSS_525 722326,4 5954705 1,1 Object
SSS_526 722299,3 5954139,6 1 Object
SSS_527 722362,9 5954613,5 0,6 Object
SSS_528 722407,2 5954745,4 0,6 Object
SSS_529 722397,5 5954086,3 0,6 Object
SSS_530 722524,4 5954965,6 0,7 Object
SSS_531 722504,1 5954768,7 0,5 Object
SSS_532 722557,2 5954951,2 0,6 Object
SSS_533 722475,1 5954216 0,6 Object
SSS_534 722536,9 5954258,3 0,7 Object
SSS_535 722583,4 5954193,4 0,5 Object
SSS_536 722664,8 5954088,2 0,5 Object
SSS_537 722698,1 5954168,3 0,7 Object
SSS_538 723059,4 5954145,4 0,6 Object
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SSS_539 723228,2 5954951,3 0,8 Object
SSS_540 723230,4 5954954,1 0,6 Object
SSS_541 723246,4 5954499,2 0,8 Object
SSS_542 723264,9 5954042,9 0,6 Object
SSS_543 723277,7 5953991,5 0,8 Object
SSS_544 723312,6 5954027,2 0,5 Object
SSS_545 723325,5 5954026,9 0,6 Object
SSS_546 723346,8 5954092,8 0,5 Object
SSS_547 723383,4 5954065,3 0,7 Object
SSS_548 723532,7 5954134 0,6 Object
SSS_549 723718,1 5954855 0,5 Object
SSS_550 723711,9 5954061,6 0,8 Object
SSS_551 723715,9 5954080,5 0,7 Object
SSS_552 723716,7 5954083,2 0,9 Object
SSS_553 723754,5 5953969 1,1 Object
SSS_554 723862,1 5954493 1 Object
SSS_555 723808,6 5953913,2 0,8 Object
SSS_556 723809,1 5953901,4 0,7 Object
SSS_557 723849,2 5954109,4 0,6 Object
SSS_558 723845,1 5953991,8 0,6 Object
SSS_559 723854,7 5954067,6 0,5 Object
SSS_560 723853,8 5954050,5 0,5 Object
SSS_561 723862,2 5954111,9 0,5 Object
SSS_562 723857,6 5954050,7 0,6 Object
SSS_563 723881,2 5953902,9 0,7 Object
SSS_564 723905,6 5954059,2 0,6 Object
SSS_565 723903,6 5953887,2 0,6 Object
SSS_566 723926,7 5954041,6 0,5 Object
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SSS_567 723960,4 5954035,3 0,5 Object
SSS_568 723975,1 5954068,3 0,5 Object
SSS_569 724277,6 5954747,2 0,6 Object
SSS_570 724644,9 5954411,2 0,5 Object
SSS_571 724661,8 5954539,6 0,6 Object
SSS_572 724731,1 5954433,1 0,7 Object
SSS_573 724766,8 5954450,5 0,6 Object
SSS_574 724783,1 5954517,1 0,6 Object
SSS_575 724778,6 5954449,5 0,6 Object
SSS_576 724778,7 5954349,3 0,6 Object
SSS_577 724942,4 5954328,7 0,7 Object
SSS_578 724989,4 5954394 0,6 Object
SSS_579 725009,8 5954374,7 0,7 Object
SSS_580 725048,4 5954528,3 0,6 Object
SSS_581 725096,7 5954515,8 0,5 Object
SSS_582 725124,3 5954241,8 0,6 Object
SSS_583 725134,4 5954237,5 0,6 Object
SSS_584 725144,7 5954278,6 0,6 Object
SSS_585 725092,5 5953770,4 0,5 Object
SSS_586 725150 5954266,5 0,5 Object
SSS_587 725152,2 5954277,5 0,5 Object
SSS_588 725178,6 5954225,2 0,5 Object
SSS_589 725172,5 5953894,4 0,5 Object
SSS_590 725246,9 5954421 0,7 Object
SSS_591 725261,7 5954467,2 0,7 Object
SSS_592 725212,5 5953938 0,6 Object
SSS_593 725244,5 5954123,2 0,5 Object
SSS_594 725262,4 5954046,9 0,6 Object
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SSS_595 725276,3 5954136,2 0,5 Object
SSS_596 725288,5 5954240,3 0,6 Object
SSS_597 725285,5 5954061,9 0,9 Object
SSS_598 725327,3 5954221,9 0,7 Object
SSS_599 725336,5 5954215,6 0,8 Object
SSS_600 725341,3 5954252,8 0,6 Object
SSS_601 725346,4 5954204,1 0,5 Object
SSS_602 725390,8 5954497,8 0,6 Object
SSS_603 725361,6 5954030,7 0,7 Object
SSS_604 725387,3 5954238,5 0,5 Object
SSS_605 725361,5 5953844,7 0,8 Object
SSS_606 725428,3 5954348,2 0,6 Object
SSS_607 725473,8 5954428,3 0,7 Object
SSS_608 725407,6 5953805,9 0,7 Object
SSS_609 725448 5953818,4 0,8 Object
SSS_610 725500,7 5954077,7 0,6 Object
SSS_611 725502,5 5953777 0,6 Object
SSS_612 725549,5 5953801,3 0,7 Object
SSS_613 725568,8 5953790 1,1 Object
SSS_614 725654,1 5954532,8 0,5 Object
SSS_615 725650,5 5954214,5 0,5 Object
SSS_616 725671,5 5954313,5 0,6 Object
SSS_617 725663,1 5954214,4 0,6 Object
SSS_618 725649,4 5953785,8 0,6 Object
SSS_619 725831,4 5954364,2 0,5 Object
SSS_620 725785,3 5953766,4 0,6 Object
SSS_621 725928,4 5954476,4 0,6 Object
SSS_622 725965,9 5954322,6 0,7 Object
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SSS_623 725997,4 5953887,9 0,5 Object
SSS_624 726052,2 5954102,8 0,5 Object
SSS_625 726057,4 5954141,9 0,6 Object
SSS_626 726125,6 5954417,6 0,7 Object
SSS_627 726114,5 5954190,8 0,6 Object
SSS_628 726107,6 5954125,6 0,7 Object
SSS_629 726119,6 5954110,4 0,6 Object
SSS_630 726091,6 5953851,3 0,7 Object
SSS_631 726190,2 5954548,2 0,6 Object
SSS_632 726173,3 5954150,5 0,5 Object
SSS_633 726253,1 5954394,2 0,9 Object
SSS_634 726319,8 5954354,4 0,5 Object
SSS_635 726386,3 5954389,5 0,7 Object
SSS_636 726412,1 5954380,8 0,6 Object
SSS_637 726385,9 5954146,6 0,9 Object
SSS_638 726544,5 5954494,8 0,5 Object
SSS_639 726502 5954104,7 0,8 Object
SSS_640 726506,9 5954107,5 0,7 Object
SSS_641 726592 5954486,4 0,7 Object
SSS_642 726742,6 5954423,4 0,7 Object
SSS_643 726871 5954279,2 0,6 Object
SSS_644 726958,2 5954177,6 0,6 Object
SSS_645 726989,5 5954175,5 0,7 Object
SSS_646 727046,9 5954189,8 0,5 Object
SSS_647 727104,2 5954382,5 1,1 Object
SSS_648 729697,5 5955104,1 0,6 Object
SSS_649 729774,8 5955004,8 0,7 Object
SSS_650 729767,4 5955101 0,5 Object
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SSS_651 729791,7 5955056,7 0,9 Object
SSS_652 729990,5 5955191,8 0,6 Object
SSS_653 730162,3 5955230,6 0,5 Object
SSS_654 730317,8 5955207,8 0,6 Object
SSS_655 730309,6 5955222,1 1,2 Object
SSS_656 730297,6 5955291 0,5 Object
SSS_657 730324,8 5955286,6 0,5 Object
SSS_658 730359,4 5955287,6 0,7 Object
SSS_659 730418,9 5955242,5 0,5 Object
SSS_660 730417,6 5955276,2 0,6 Object
SSS_661 730463,8 5955245,5 0,5 Object
SSS_662 730506,7 5955235,5 0,5 Object
SSS_663 730516,1 5955237,6 0,5 Object
SSS_664 721968,2 5955304,0 0,5 Object
SSS_665 721381,2 5955392,9 1,1 Object
SSS_666 721801,8 5955134,4 0,7 Object
SSS_667 721796,0 5955132,2 0,8 Object
SSS_668 721808,3 5955123,3 0,6 Object
SSS_669 721767,7 5955126,0 0,6 Object
SSS_670 721800,3 5955078,8 0,5 Object
SSS_671 721819,7 5955039,4 0,8 Object
SSS_672 721776,0 5955044,1 0,7 Object
SSS_673 721738,4 5955038,3 0,7 Object
SSS_674 722062,0 5954903,7 0,5 Object
SSS_675 721674,2 5955016,6 0,5 Object
SSS_676 722142,0 5954862,0 0,5 Object
SSS_677 721680,8 5955011,0 0,7 Object
SSS_678 721798,9 5954964,4 0,6 Object
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SSS_679 721788,7 5954958,7 0,6 Object
SSS_680 721854,7 5954924,8 0,5 Object
SSS_681 721847,3 5954926,0 0,6 Object
SSS_682 722131,2 5954815,0 0,5 Object
SSS_683 722128,6 5954814,3 0,6 Object
SSS_684 721656,4 5954932,1 1 Object
SSS_685 721648,1 5954914,1 0,5 Object
SSS_686 721637,9 5954907,1 0,7 Object
SSS_687 721718,1 5954870,3 0,7 Object
SSS_688 721717,1 5954862,9 0,6 Object
SSS_689 721723,2 5954856,2 0,6 Object
SSS_690 722031,2 5954397,3 0,7 Object
SSS_691 721200,5 5954647,4 0,6 Object
SSS_692 721321,5 5954595,8 0,9 Object
SSS_693 721304,2 5954594,4 1 Object
SSS_694 721764,5 5954382,5 0,5 Object
SSS_695 721788,5 5954369,3 0,6 Object
SSS_696 721949,1 5954256,8 0,7 Object
SSS_697 721710,9 5954302,9 0,5 Object
SSS_698 721040,0 5954486,9 0,6 Object
SSS_699 721048,1 5954441,0 0,5 Object
SSS_700 721154,2 5954387,6 0,5 Object
SSS_701 721047,8 5954403,6 0,8 Object
SSS_702 721070,0 5954388,0 0,5 Object
SSS_703 721189,7 5954332,0 0,8 Object
SSS_704 721120,5 5954342,5 0,6 Object
SSS_705 721204,1 5954287,9 0,7 Object
SSS_706 720988,4 5954348,5 1 Object
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$SS_707 721712,6 5954066,9 1 Object
SSS_708 721055,1 5954273,5 0,5 Object
$SS_709 721083,6 5954252,5 0,6 Object
$S5_710 721625,4 5954063,7 0,7 Object
sss_711 721124,2 5954225,5 0,6 Object
Sss_712 721202,4 5954182,9 0,6 Object
Sss_713 721183,4 5954184,2 0,5 Object
SSS_714 721704,6 59540083 0,5 Object
$sS_715 721200,1 5954168,3 0,5 Object
SSS_716 721810,1 5953955,7 0,7 Object
SSS_717 721014,9 5954205,5 0,5 Object
$SS_718 721703,8 5953951,7 0,9 Object
$SS_719 721684,5 5953956,4 1,6 Object
$S5_720 721624,6 5953973,0 0,7 Object
sss_721 721047,7 5954157,2 0,8 Object
SSS_722 721014,6 5954144,9 0,6 Object
SSS_723 721096,7 5954103,8 0,6 Object
SSS_724 721166,4 5954080,7 0,7 Object
SSS_725 721023,6 5954124,1 0,8 Object
SSS_726 721147,7 5954077,6 0,5 Object
SSS_727 721031,8 5954112,7 0,6 Object
SSS_728 721077,9 5954055,2 0,5 Object
$SS_729 721129,5 5954019,2 0,7 Object
$SS_730 720987,9 5954062,2 0,9 Object
sss_731 721567,9 5953867,9 0,6 Object
$SS_732 721111,5 5954015,6 0,6 Object
$SS_733 721108,5 5954016,1 1 Object
SSS_734 720995,1 5954033,9 08 Object
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SSS_735 721039,2 5954011,5 0,5 Object
SSS_736 721082,9 5953986,7 0,5 Object
SSS_737 721072,1 5953895,1 0,6 Object
SSS_738 720316,0 5950031,5 0,9 Object
SSS_739 720114,5 5948971,1 0,8 Object
SSS_740 719671,1 5947933,0 0,6 Object
SSS_741 718851,9 5942574,8 0,5 Object
SSS_742 722065,602 | 5954532,748 0,5 Object
SSS_743 721847,333 | 5954926,036 0,6 Object
SSS_744 721718,052 | 5954870,335 0,7 Object
SSS_745 721723,219 | 5954856,189 0,6 Object
SSS_746 721523,033 | 5954218,829 0,7 Object
SSS_747 721517,576 | 5954248,052 0,6 Object
SSS_748 721717,093 | 5954862,856 0,6 Object
SSS_749 721395,154 | 5954252,774 0,7 Object
SSS_750 721395,633 | 5954262,425 0,6 Object
SSS_751 721321,532 | 5954595,757 0,9 Object
SSS_752 721738,417 | 5955038,276 0,7 Object
SSS_753 721767,685 | 5955125,998 0,6 Object
SSS_754 721800,267 | 5955078,779 0,5 Object
SSS_755 721200,485 | 5954647,373 0,6 Object
SSS_756 721710,894 | 5954302,916 0,5 Object
SSS_757 721759,398 | 5954496,665 0,6 Object
SSS_758 721815,378 | 5954641,854 0,6 Object
SSS_759 721940,171 | 5954537,155 0,7 Object
SSS_760 722072,284 | 5954539,197 0,5 Object
SSS_761 721571,489 | 5954203,118 0,5 Object
SSS_762 722031,163 | 5954397,323 0,7 Object
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SSS_763 721764,507 | 5954382,525 0,5 Object
SSS_764 721788,498 | 5954369,264 0,6 Object
SSS_765 722112,914 | 5954349,566 1 Object
SSS_766 721656,392 | 5954932,107 1 Object
SSS_767 721788,653 | 5954958,655 0,6 Object
SSS_768 721896,799 | 5954569,624 0,7 Object
SSS_769 721819,678 | 5955039,442 0,8 Object
SSS_770 721775,982 | 5955044,12 0,7 Object
SSS_771 721808,335 | 5955123,298 0,6 Object
SSS_772 721458,055 | 5954747,893 0,9 Object
SSS_773 721880,655 | 5954700,943 0,6 Object
SSS_774 721554,962 | 5954666,225 0,8 Object
SSS_775 722119,708 |5954332,113 0,6 Object
SSS_776 721637,887 | 5954907,072 0,7 Object
SSS_777 721625,005 |5954519,167 0,7 Object
SSS_778 721419,153 | 5954712,644 0,7 Object
SSS_779 721746,755 | 5954595,746 0,6 Object
SSS_780 721766,615 | 5954616,901 0,8 Object
SSS_781 721825,401 | 5954588,196 0,5 Object
SSS_782 721851,994 | 5954594,191 0,6 Object
SSS_783 721854,677 | 5954924,845 0,5 Object
SSS_784 722037,385 | 5954431,371 0,9 Object
SSS_785 722026,142 | 5954527,01 0,7 Object
SSS_786 721290,573 | 5954297,188 0,6 Object
SSS_787 721343,864 | 5954472,532 0,5 Object
SSS_788 721373,402 | 5954458,692 0,5 Object
SSS_789 721408,521 | 5954529,082 1,3 Object
SSS_790 721829,398 | 5954595,074 0,6 Object
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SSS_791 721652,063 | 5954564,38 0,6 Object
SSS_792 721791,384 | 5954654,785 0,5 Object
SSS_793 721798,859 | 5954964,393 0,6 Object
SSS_794 721648,134 | 5954914,129 0,5 Object
SSS_795 721796,007 |5955132,171 0,8 Object
SSS_796 721655,249 | 5954793,462 0,7 Object
SSS_797 721304,212 | 5954594,415 1 Object
SSS_798 721674,177 | 5955016,59 0,5 Object
SSS_799 721949,132 | 5954256,82 0,7 Object
SSS_800 721850,605 | 5954434,709 0,6 Object
SSS_801 721680,772 | 5955011,048 0,7 Object
SSS_802 721858,183 | 5954627,117 0,6 Object
WRECK_001 720537,7 5952510,7 19.1x12.9x0.2 | Wreck
WRECK_002 720467,1 5952450,6 40.1x12.8x1.1 | Wreck
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Figure B-1: Near platform wave scatter [ref Il]
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1.0 INTRODUCTION

dyas

One-Dyas plans to develop a successfully drilled well in block N5a of the North Sea Dutch
Continental Shelf. More wells will be drilled at this location through the same jacket. It is
planned to develop the wells by installing a platform and a gas export pipeline with a connection
to the NGT pipeline. Various alternatives for the export pipeline route have been evaluated and
a preferred route has been selected for further development; Pipeline route from the future NS5A
platform location to a subsea hot-tap tie-in at the NGT pipeline near KP 142.1.

In addition, a power cable will be installed from the Riffgat Windpark to the NO5SA platform.

Regarding installation of the NO5a gas export pipeline many stakeholders are involved. In order
to select the best technical solution for installation of the pipeline, with consideration of
stakeholder requirements, this document has been written.

2.0 SELECTED PIPELINE DIAMETER

Our pipeline design contractor has carried out flow assurance analyses for 16 inch, 20 inch and
24 inch pipeline diameters. Based on these analyses a 20 inch pipeline diameter has been
selected, which has more than sufficient capacity for the predicted NO5a gas production.

An overview of the flow assurance results is given in table 2.1 below.

Table 2.1: Flow assurance results overview for 90 bar NGT pipeline pressure

ND ID Gas flow

# Cases inch mm MMNm3/d Graphic Legend Colour

16inch-001 Design 16 0.3635 6.0 Design-16"-6.0MMNm3d
2 20inch-002 Design 20 0.4556 6.0 Design-20"-6.0MMNm3d
40 24inch-040 Design 24 0.54808 6.0 Design-24"-6.0MMNm3d
7 16inch-007 EOL 16 0.3635 0.1 EOL-16"-0.1MMNm3d
8 20inch-008 EOL 20 0.4556 0.1 EOL-20"-0.1MMNm3d
43 24inch-043 EOL 24 0.54808 0.1 EOL-24"-0.1MMNm3d
9 16inch-009 Max OP 16 0.3635 5.2 MaxOP-16"-5.2MMNm3d
10 20inch-010 max OP 20 0.4556 9.3 MaxOP-20"-9.3MMNm3d
a4 24inch-044 max OP 24 0.54808 15.0 MaxOP-24"-15.0MMNm3d
11 16inch-011 Max Design 16 0.3635 7.8 MaxD-16"-7.8MMNm3d
12 20inch-012 Max Design 20 0.4556 14.0 MaxD-20"-14.0MMNm3d
45 24inch-045 Max Design 24 0.54808 22.7 MaxD-24"-22.7MMNm3d
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A pipeline and cable route survey has been carried out comprising of the following elements:
e Geophysical survey of a 1km wide corridor
e Geotechnical survey at 1km intervals
e Environmental baseline survey
[}

Archaeological desk top study using database information and recent survey
information.

Based on the survey results pipeline and power cable route has been selected taking the
following in consideration:

e 100m minimum distance to magnetic contacts

¢ 150m minimum distance to wrecks

¢ 25m minimum distance to remaining anomalies such as boulders

RWS have confirmed that they have no objections to the selected pipeline route and Periplus,
who performs the archaeological study, have verbally confirmed that the route is acceptable
with respect to possible archaeological values.

Figure 3.1: Selected pipeline and cable routes (ref. drawing nr. NO5A-7-51-0-72510-01)
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4.0 PIPELINE STABILITY

4.1 Unburied Pipeline Stability

Due to high currents and waves along the NO5a pipeline route, specifically in the shallow part, a
thick concrete weight coating is required to make an unburied pipeline stable. The calculated
required concrete weight coating thickness is 140mm, with a density of 3300kg/m3. Even with
this heavy weight coating the pipeline moves considerably. Based on DNV rules the pipeline
moves over a distance of 10 times OD which is approximately 5m. To determine pipeline
movement more accurately a finite element method has been used with an estimated pipeline
embedment of 25%. Even with this embedment it was calculated that the pipeline moves more
than 8m in the 10000 year storm conditions. To make the pipeline stable an even thicker
concrete weight coating will be required beyond 200mm, which is a technically not achievable,
as confirmed by pipe coaters Renania/Conline.

4.2 Buried Pipeline Stability

A buried pipeline does not require weight coating to be stable. During installation, when laying
on the seabed before it is buried, a 20 inch pipeline without concrete weight coating is not
stable in the 1 year storm. However, this can and will be managed by the installation contractor,
using a favorable installation weather window. The pipeline will be buried directly after
installation and it will then be stable in the 10.000 year storm. To enhance pipeline trenching it
will be beneficial to apply a thin layer of 40mm concrete weight coating on the pipeline. This will
also improve impact protection, pipeline stability before trenching and mitigate possible
liquefaction.

5.0 RISK ASSESMENT

A risk assessment has been carried out by our pipeline design Contractor, for the buried and
unburied pipeline options. Detailed results are given in document number NO5A-7-10-0-70030-
01 “Risk assessment & dropped object analysis”. A 1m deep buried pipeline without concrete
weight coating is a safer option than an unburied pipeline with 140mm concrete weight coating.
The latter option is not in accordance with the NEN3656 fail chance threshold of 1 x 10 per
km of pipeline, per year.

Table 5.1 Quantitative Risk Assessment Results (ref. doc. Nr. NO5A-7-10-0-70030-01)

| Failure chance per km per year
Ship density Un-buried Buried Buried Buried Buried NEN 3656
/1000 km2 case 0.6m 0.7m 0.8m 1.0m .
140 mm compliant
CWC
45 3.3910s 1.2110s 1.00 10« 0.7910s 0.78 105 - Yes
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6.0 REQUIRED INSTALLATION SPREAD

6.1 General

Due to the limited waterdepth of 8m LAT near the future NGT pipeline tie-in point it is not
feasible to install the pipeline with a dynamic positioned pipelay vessel. The thrusters
underneath DP vessels they require a minimum waterdepth of approximately 17m LAT.

Hence, the NO5a pipeline will have to be installed by a shallow water pipelay barge operating on
anchors.

These barges are towed to location by tugs, which will be used to position and relocate anchors
when the vessel is on location. The range of shallow water pipelay barges available in the North
Sea is limited to the Allseas Tog Mor and the Stingray owned by Van Oord. Possibly the
Saipem owned Castoro Sei can also operate in this shallow water.

It may be possible to perform alternative installation by positioning a dynamic positioned (DP)
pipelay vessel, e.g. Allseas’ Lorelay in 17m waterdepth, approximately 5km away from the NGT
pipeline target box. The DP vessel will then produce the pipeline from this position and the
pipeline end will be towed to the target box by a suitable tug or it will be pulled in by a winch on
a barge, located near the target box. When the pipeline head is positioned in the target box
near NGT, the DP vessel continues pipeline installation on DP towards the target box near the
NO5A platform. It requires more work by Allseas to confirm whether this option can be executed,
but they have provisionally priced it.

Survey will be performed by a 3™ party survey vessel. Pigging and pressure testing could be
performed from a third party multicat or using a dedicated vessel such as Allseas’ Calamity
Jane.

6.2 Unburied Pipeline Installation Spread

The Tog Mor has a tensioner capacity of 100T, which is not sufficient to install a 20 inch
schedule 60 pipeline, with 140mm concrete weight coating, in 26m waterdepth. The Tog Mor
can install a 20 inch pipeline with 140mm CWC up to 17m waterdepth, at which point DP
pipelay vessel Lorelay or Audacia can pick the pipeline up and continue installation towards the
NO5a location.

Van Oord’s shallow water pipelay vessel Stingray has a tensioner capacity of 140T, which is
likely to be sufficient to install the pipeline with 140mm concrete weight coating up to the
maximum waterdepth of 26m. This will have to be confirmed by analyses. It must be noted that
the Stingray is currently stored and has not been used for quite some time.

The Castoro Sei is a large semi-sub pipelay vessel operating on anchors, it has more than
sufficient capacity to install a concrete coated 20 inch pipeline but it is large for our NO5a
pipeline and it is expected that it will not be priced attractively.

Due to the weight of the concrete coated pipeline it will not be possible to install it with a DP
vessel in a stationary position as described above. For the cost estimate it has been assumed
that an unburied pipeline will be installed by a combination of the Tog Mor and Lorelay
installation vessels for shallow and deeper water sections respectively.
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6.2 Buried Pipeline installation Spread

A buried pipeline with no- or maximum 40mm thick concrete weight coating can be installed
completely from 8m water depth to 26m water depth by the Tog Mor, the Stingray or the
Castoro Sei. Alternatively it may be possible to install this lighter pipeline with a DP pipelay
vessel from a stationary position, as described in section 6.1. This will be substantially more
cost efficient than installation with an anchor operated pipelay barge, due to much higher
pipelay speed resulting in shorter duration.

To bury the pipeline Allseas would use a subcontractor's mass flow excavator operated from a
multicat vessel. A picture of such equipment is given in appendix D.

It is unclear whether Van Oord and Saipem would use their own equipment to bury the pipeline
or whether they would subcontract that work.

7.0 INSTALLATION COST COMPARISON

A cost comparison between buried pipeline installation and unburied pipeline installation is
given below. As base case the Allseas provided prices have been used for the Tog Mor and
Lorelay, since those are the most viable options. For the buried pipeline it may be possible to
optimize the costs by installing the pipeline without concrete weight coating, this will be
determined during detailed design. Please note that the costs below do not include tie-in spool

= i

installation.

Unburied
Buried Buried Tog Mor &
Lorelay Tog Mor Lorelay Budget
Materials € 6,610,750 € 6,610,750 €9,083,000 € 6,465,263
20 inch Line pipe + FBE
coating €4,673,250 € 4,673,250 € 4,673,250
Concrete weight coating € 1,937,500 € 1,937,500 € 4,409,750

|

|
D

Installation € 12,680,000 €17,702,000 € 17,148,000 € 10,200,000
PM & Engineering € 723,000 € 723,000 € 1,800,000
Mob/demob + fixed costs € 3,266,000 € 3,179,000 € 5,400,000 € 3,900,000
Pipeline installation € 5,393,000 € 9,526,000 € 6,300,000 € 3,900,000
Survey € 1,570,000 € 2,326,000 € 2,326,000 € 1,300,000
Trenching € 516,000 €516,000 €0
Flooding/gauging and testing €992,000 € 992,000 €992,000 €1,100,000
Guard vessels € 150,000 € 300,000 € 225,000
Northsea pilots € 70,000 € 140,000 € 105,000
Total € 19,290,750 € 24,312,750 € 26,231,000 € 16,665,263
Impact compared to budget € 2,625,487 €7,647,487 €9,565,737
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After evaluation of advantages and disadvantages of the buried and unburied pipeline options it

has been concluded that a buried NO5a gas export pipeline is the best option, based on the
following:

8.0 CONCLUSION

¢ Unacceptable failure risk of an unburied pipeline by dragging anchors, fishing activities
or sinking ships. An unburied pipeline does not fulfil the failure risk requirements of
NEN3656. To reduce the failure risk in accordance with NEN3656 the pipeline must be
buried minimum 0.8m deep.

e An unburied pipeline with 140mm concrete weight coating is not stable in the 10000
year storm conditions, it moves considerably even when 25% natural embedment is
taken into account. The required concrete weight coating thickness of 240mm to make
an unburied pipeline stable is thicker than the 150mm maximum thickness that can be
fabricated. A buried pipeline is stable in the 10000 year storm conditions.

e Better pipeline install-ability. Due to the lower weight of the pipeline without concrete
weight coating it can be installed by several shallow water pipelay vessels. For a heavy
concrete weight coated pipeline the available installation vessels are limited and may
not be available for the desired installation window. Alternatively it may be possible to
install the lighter pipeline by a DP operated pipelay barge, which will be more cost
effective.

e Lower overall costs. Concrete weight coating of 140mm thickness is more expensive
than pipeline trenching. Moreover a larger number of installation vessels are available to
install a pipeline without weight coating, which will result in more competition and better

prices.
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APPENDIX A DATA SHEET PIPELINE INSTALLATION VESSEL TOG MOR

TOG MOR
Vessel specifications

Length overall {incl. stinger)
Length overall {exdl. stinger)
Breadth

Depth to main dedck
Operating draught

Moaring system

Total installed power
Accomodation

Helidedk

Deck oranes

Work stations

154 m (50% ft)

111 m (364 i)

27 m (891t

B m (20 ft)

2mi7 )

Flipper Delta anchors, 10 points: Fonsard:
Ay 101120 kips) and 2 x 851 (20 kips) Aft:
4Tt (15 kips)

2750

144 persons

Maximum take-off weight 11,11, suitable
for Sikorsky 592 and Puma 100
helicopters

Main crane of 300t (660 kips) at 17 m (55
ft} main hoist

Crawler crane of 79t (170 kips) at 8 m (26
ft) main hoist

2 (single joint) welding stations, 1 MOT
station and 1 coating stations

Installed tension capadty Tx 100t

Pipe cargo capacity on main deck 10 tim#

Pipe diameters From 2" to 60" OD

Cear deck space 1000 m#

{lassifications LR A1 Barge, crane pontoon

Port of registry Valletta
Document Number, Document Title Revision Revision Date Page
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APPENDIX B DATA SHEET PIPELINE INSTALLATION VESSEL STINGRAY

Principal particulars

Name

Type

Classification

Year of construction
Dimensions

Allowable deck load
Free deck area
Working depth
Stinger
Accomodation

Recreation rooms

Gym

Messroom

Office/

Conference room
Main crane

Main hook capacity

AN

d

Van Oord ﬁ

Marine ingenuity

/

oG, Y

ou

Stingray

Shallow water pipe lay barge

ABS, ® Al Barge

2012

Length overall 120 m (394 ft)

40.1 m (132 fy)
9 m(29.5 ft)
5 m (16.4 ft)

Breadth overall
Moulded depth
Design draft
12.5 t/m?
2,000 m?
4.5-100 m (14.9-328 ft) (depending on pipeline parameter)
Fixed, 55 m (180 ft) total length in two sections, ABS certified
8 x 1 Berth cabins 8 men
14 x 2 Berth cabins
66 x 4 Berth cabins
Total

28 men
264 men
300 men
All cabins have toilet/shower facilities
2 ea complete (for clients and crew)

Complete with TV/Video Room
1ea

150 men seating

12 ea
Liebherr model BOS 14000-500 D Litronic
500 t @ 18 m radius (optional 2,000 t)

Auxiliary hook capacity 50 t @ 59 m radius

Maximum outreach
main hook
Maximum outreach
auxiliary hook
Store cranes

Crawler crane
Davits (optional)
Pipe lay capacities

Welding stations
NDT/repair station
Field joint stations
Mooring system

54 m (177.2 fr)

9.3 m (30.5 ft)

2 x Palfinger PTM900 telescopic boom Marine Crane;
SWL 2.7t @ 20 m radius

1 x 250 t, Kobelko, 2500 CE, 42 m boom

6 x50t

Pipe OD 6 - 60 inch including CWC coating

Tensioners 2 x 70 t capacity (make: PH Hydraulics)
A&R Winch 150 t capacity (make: PH Hydraulics)

3 nos.

1 no.
3 nos.
Anchors 10 x 12 t Flipper Delta
10 x 150 t single drum

10 x 52 mm @ x 1,500 m

Anchor winches (electric)

Mooring lines

Helideck

Tank capacities

Machinery
Emergency diesel
generator

Air compressor
Fresh water
makers (RO}
Sewage treatment
plant

Pumps

Safety Equipment

Communications and

navigation system

CAP 437, suitable for S$-92 Sikorsky helicopter

SWB/F.W. tank (non-potable) 14,000 m?
F.W. tank (potable) 2,000 m?
F.O. tank

approx.
approx.
1,900 m? approx.

Dirty oil tank 50 m? approx.
70 m?
10 m?

10 m?

Bilge holding tank approx.

Hydraulic oil storage tank approx.
Lubrication oil storage tank approx.
Sewage tank 120 m’® approx.
Main generators 6 x 1,230 kW, 440V, 60HZ 3 Phase
1 x 150 kw

2 x 850 m¥/hr @ 10 bar

2 x 75 t/day

2 nos. with total capacity for 300 persons
3 nos, 1,000 m*/hr at 30 m head
45 mé/hr at 45 m head

2 nos, 120 mé/hr at 35 m head

Ballast pump

F.O. transfer pump 2 no:
Fresh water transfer pump
Dirty oil pump 3 mé/hr at 30 m head
Bilge pump 2 nos, 30 mé/hr at 25 m head
Fire & GS pump 2 nos, 130 m*/hr at 80 m head
Emergency fire pump 75 m’/hr at 65 m head
2 x Foam monitor on helideck

2 x Monitor on A-deck

MES System 2 x 300 people

1 Rescue boat with single arm davit

1 Fast rescue boat

Life jackets: 200% coverage of the

total maximum onboard

Radio system, emall, fax, internet,

satellite navigation system, DGPS, VSAT system

Contact

Van Oord Offshore

PO Box 458

4200 AL Gorinchem
The Netherlands

T +31 88 8265200

F +31 88 8265210

E area.off@vanoord.com
I www.vanoord.com

November 2013
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APPENDIX C DATA SHEET PIPELINE VESSEL CASTORO SEI
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HULL TYPE
Column stabilised semi-submersible

VESSEL FEATURES

Length overall excluding ramps 152.0'm
Breadth overall 05 m
Depth to main deck 298 m
Transit draft 95m
Operating draft (typical) 140 m
Survival draft 125m
Dedicated pipe storage space 1,195 sg.m
Additional deck space 1,525 sg.m
Deck load 3,600 tonnes
CLASSIFICATION

American Bureau of Shipping

COMPLANCE
hIMA, HSE

PROPULSION / POSITIONING SYSTEM

Four 37 tonne Azimuthal thrusters

Twelve 25 tonne anchors

Twelve 124 tonne anchor winches

3,000 m anchor wire on each winch of 76 mm

PIPELAY EQUIPMENT

2 Rotating gantry cranes 134 tonnes capacity
Longitudinal conveyor, gantry transfer conveyors,
line-up station

Three 130 tonne pipe tensioners

Fixed ramp, articulated ramp, mini ramp extension
Bevelling stations

Double jointing system

Welding stations utilising a semi automatic systerm
Kray or AUT equipped NDT stations

Field joint coating system

Abandonment & recovery winch (400 tonnes)

Figayback lay welding line facility
Dual-lay welding line and ramp

HELIDECK
Suitable for helicopters up to and including the Sikorsky S6 1N type

NAVIGATION & COMMUNICATIONS
Fully equipped radio room GMDSS
Satellite communications & TV

2 ARPA radars

GPS/ DGPS navigation & positioning

Echasounder

POWER GENERATION

6 Wain generators 205 My total
1 Emergency generator 800 Kw
BUNKER CAPACITY

Ballast capacity 11,518 cum
Lube oil capacity 138 cum
Fuel oil capacity 3123 cum
Potahle water capacity 1,000 cum

Fresh water generators
180 tonnes / day

CREW FACILTIES
Accornmodation for 347 people
Client offices
Conference rooms
Hospital
Gymnasium
Galley mess room
Coffee har
Cinema
Recreation rooms
Satellite television
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