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appointed agents.

Surprisingly the majority of the time domain programs contain flawed implementations of Newton’s Laws.
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3. All intact cases for three vessel drafts and return periods between 1 and 1,000 years
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A) Time Domain Mooring Analysis: Newtonian and Non-Newtonian Programs

In the SpinMoor™ and follow on SpinTransit™ Studies, organized by SeaSoft® Systems and ExxonMobil
Upstream Integrated Solutions Company, vendors of time domain mooring programs submitted results for two
highly simplified problems for which analytic solutions exist.

The SpinMoor and SpinTransit protocols call for:
1. A simple ship-shaped vessel
2. Elimination of all program and user specific “adjustable parameters”
3. Unambiguous initial conditions
4. A simple linear mooring, SpinMoor Study only
5. Simple constant lateral forcing, SpinMoor Study only

SpinMoor Participant Study: Revision 1 report was issued April 2020. Among the 10 commercially available time-
domain mooring programs that simulated the SpinMoor,
* there exists a variability of order 100% (a factor of 2) in predicted offsets and turret loads,
» with estimates falling into two groups, one at each end of that range, and with an equal number of
submissions, 5, in each group.

SpinTransit Participant Study, report was issued July 2020. Among the 9 commercially available time-domain
mooring programs that simulated the SpinTransit,
» the 9 SpinTransit results fall into three qualitatively distinct groups, each group comprising 3 submissions.

SpinMoor Participant Study: Revision 1, R.J. Hartman Ph.D. and D.W. Smith Ph.D., April 28, 2020.
https://www.seasoftsys.com/SpinMoor/SpinMoor_Study Report_Revl.pdf
SpinTransit Participant Study, R.J. Hartman Ph.D. and D.W. Smith Ph.D., July 9, 2020.

Ex¢onMobil https://www.seasoftsys.com/SpinTransit/SpinTransit_Study Report.pdf 3, 2020-10-14, DWS & RTG
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A) Time Domain Mooring Analysis: Newtonian and Non-Newtonian Programs
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A) Time Domain Mooring Analysis: Newtonian and Non-Newtonian Programs
Newtonian Compliant Response: Group 1
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Newtonian Non-Compliant Response: Group 2
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Newtonian Non-Compliant Response: Group 3
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A) Time Domain Mooring Analysis: Newtonian and Non-Newtonian Programs

Newtonian Compliant Group 1 SpinTransit Participant Study Newtonian Non-Compliant Group 3
Momentum and Energy History Newtonian Non-Compliant Group 2 Momentum and Energy History
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B) Differences in Design Values Resulting from Newtonian and Non-Newtonian Time Domain Solvers
Squall Analysis Part 1: Comparisons for a Single Load Case: LC655 Maximum Tension

L Branch Trajectories: Max Draft, Intact, LC655 - Large Tension Case (squall 3) L Branch Time= 479 sec X= 218 m Y= 374 m Yaw= 999 deg
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B) Differences in Design Values Resulting from Newtonian and Non-Newtonian Time Domain Solvers
Squall Analysis Part 1: Comparisons for a Single Load Case: LC154 Maximum Offset

L Branch Trajectories: Max Draft, Intact, LC154 - Large Offset Case (squall 9) L Branch
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B) Differences in Design Values Resulting from Newtonian and Non-Newtonian Time Domain Solvers
Squall Analysis Part 2: Comparisons of Intact Results for Maximum Draft and 100 Year Return Period Load Cases
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B) Differences in Design Values Resulting from Newtonian and Non-Newtonian Time Domain Solvers
Squall Analysis Part 2: Comparisons of Intact Results for Maximum Draft and 100 Year Return Period Load Cases

E.G. Squall Wind Speeds: 2015 Update (1-min)
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B) Differences in Design Values Resulting from Newtonian and Non-Newtonian Time Domain Solvers
Squall Analysis Part 3: Comparisons of Intact Results for Three Drafts and 1 to 1,000 Year Return Period Load Cases

Max Draft, Intact: 1 to 1

00yr Return Periods - Small Branch

Return ':'“"' T""e:ﬂm":‘ Maximur Line Tensions Maximum EOL |  Minimum Grounded
Period | enston Maxal (anchor) Load Length
Contour  Rxy Top Chain SS-wire Bottom Chain
vears | m m | tonne _location| tonne _location| tonne _location | tonne location| _m location
1 57 53 | 239 Lnes | 211  Lne3 | 19 Lne3 | 75  Line5 | 281 line 6
0 | 7% 79 | 29 lnes | 265 Line5 | 251 LineS | 138  Lines | 209 Line 6
100 95 106 359 Line5 334 Line 5 320 Line 5 208 Line5 122 Line 6
1,000 131 131 545 Line 4 521 Line 4 507 Line 4 399 Line 4 ] Line 4 & 1 others
Mid Draft, Intact: 1 to 1,000yr Return Periods - Small Branch
Return l—':'a"' T""’h‘ﬂmf‘;‘ Maximum Line Tensions MaximumEOL |  Minimum Grounded
Period | [eeon Maxal . (anchor) Load Length
Contour  Rxy Top Chain SS-wire Bottom Chain
vears | m m | tonne _location| tonne _location| tonne _location| tonne location| _m location
1 61 54 266 Line3 239 Line 3 224 Line 3 90 Line5 248 Line6
10 75 79 308 Line 8 281 Line 5 267 Line5 149 Line 5 184 Line 6
00 | 93 105 | 373 Lnes | 347 lines | 33  lineS | 218 Lines | 9 Line 6
1000 | 127 128 | 551 line4 | 528  lined | 515 linea | 411  Lined | 0 Line4&2others
Min Draft, Intact: 1 to 1,000yr Return Periods - Small Branch
Return ':'a’“ T”""‘wm";‘ Maximurn Line Tensions Maximum EOL |  Minimum Grounded
Period | [Eeon Maxa! (anchor) Load Length
Contour Ry Top Chain SS-wire Bottom Chain
vears | m m | tonne _location| tonne _location | tonne _location | tonne location| _m location
1 60 S0 | 276 Llne3 | 250 Lne3 | 235 Lne3 | 97  LineS | 236 Line6
10 7 75 | 321 lnes | 293 Lne8 | 278 line8 | 147  Lines | 175 Line 6
00 | 91 98 | 38 Lne7 | 354 Lne7 | 339 Line7 | 213 Lined | 98 Line 6
1,000 121 121 481 Line 4 457 Line 4 443 Line 4 333 Line 4 0 Line 4 & 2 others
0 Intact Tension Summary: 1 to 1,000yr Return Periods
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Small Branch . Tension Max all Anchor  Grounded
End-of-Line Tensians, Period Contour ~ Rxy [Top Chain S$S-wire Bottom Chain| Load Length
years L/s L/S L/S L/sS L/S L/S L/S
1 10 ReturnPeriod,years 100 1,000 1 116% 123% 111% 112% 113% 134% 87%
Intact Turret Offset Summary: 1 to 1,000yr Return Periods 10 119% 117% 117% 119% 120% 137% 66%
100 122% 112% 127% 130% 131% 150%
[Turret Offsets 1,000 110% 112% 119% 120% 121% 128%

All Drafts, Intact: Ratios of Large/Small; 225,504 Simulations
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Return Max.. Turret Offset Maximum Line Tensions Maximum Minimum yeirs ;nl ;nA (c;r;r;e |oLcau2n m;:r;e Ic::atlc;n (c;r;:e Ic::auc;n mlr;:e Ic::auc;n Zr;g |c£cauc;n
Period Ten5|on Max a” Anchor Grounded 10 95 102 359 L:::A 334 L:::A 320 L::ZA 209 L::ZA 124 L::ZA
ContOUr ny Top Chain SS_WIre Bottom Chaln Load Length 100 126 130 516 Line 4 491 Line 4 478 Line 4 369 Line 4 0 Line 4& 2 others
1,000 151 158 778 Line 6 754 Line 6 742 Line 6 636 Line 6 0 Line 4 & 5 others
L, L, L, L,
years Ls /S L/s /S /S Ls /S Mid Draft, Intact: 1 to 1,000yr Return Periods - Large Branch
1 116%  137% | 106%  107% 107% 123% 92% [ e o et fed P o oL | Wi Groundes
" [Tension Maxa
10 125% 130% 112% 114% 115% 141% 69% Perod | contour ey | Top Chan Sswire | Bottomchain | onhon ko2 tength
vears | m m | tonne location| tonne location | tonne _location | tonne _location| _m location
100 133% 123% 136% 139% 141% 169% 1 7 66 294 Line 1 267 Line 1 253 Line 3 120 Line 5 216 Line 6
10 90 93 359 Line 5 334 Line 5 320 Line 5 204 Line 5 121 Line 5
1,000 116% 120% 141% 143% 144% 155% 100 114 117 475 Line 5 450 Line 5 437 Line 5 326 Line 5 0 Line 4& 2 others.
1,000 139 144 657 Line 4 635 Line 4 623 Line 4 525 Line 4 0 Line 4& 5 others.
Min Draft, Intact: 1 to 1,000yr Return Periods - Large Branch
Max. Turret Offset|
. Return [——————— Maximum Line Tensions Maximum EOL Minimum Grounded
Max Draft, Ratios of Large/Small Period | Tension Maxall (anchor) Load Length
- — Contour  Rxy Top Chain SS-wire Bottom Chain
Return Max. Turret Offset Maximum Line Tensions Maximum n vears | m m | tonne location| tonne _location| tonne location | tonne location| _m location
q 1 65 56 291 Line 3 264 Line 3 250 Line 3 112 Line 5 220 Line 6
Period Tension  Max all Anchor  Grounded 10 79 83 337  Line8 | 310 Line8 | 295 Line8 | 171  LineS | 151 Line 6
Contour Rxy [Top Chain SS-wire Bottom Chain| Load Length 00 | 9% 107 | 405 Line8 | 379 Line8 | 365 Line8 | 247 Lined | 62 Line 6
1,000 130 129 535 Line 4 511 Line 4 498 Line 4 390 Line 4 0 Line 4 & 2 others
ears L/S L/S S L/S S L/S S -
y / / L/ / L/ / L/ 800 Intact Tension Summary: 1 to 1,000yr Return Periods
1 123% 139% 115% 118% 120% 151% 85% Top Chain, Max Draft —— Top Chain, Mid Draft Top chain, Min Draft
----- EOL (anchor) Load, Max Draft  ====+EOL (anchor) Load, Mid Draft ====+EOL (anchor) Load, Min Draft
10 125% 130% 124% 126% 127% 151% 59% 700
100 133% 123% 144% 147% 149% 177% 600
1,000 116% 120% 143% 145% 146% 159%
500
400

Mid Draft, Ratios of Large/Small

Min Draft, Ratios of Large/Small

Small Branch

‘enCont, Max Draft
MaxRxy, Max Draft =

—— TenCont, Mid Draft
MaxRxy, Mid Draft

10 ReturnPeriod, years

Ex¢onMobil

100

TenCont, Min Draft
- MaxRxy, Min Draft

Max. Turret Offset . . . Maximum Minimum
Return - Maximum Line Tensions
Period Tension Maxall Anchor  Grounded
Contour Rxy [Top Chain SS-wire Bottom Chain| Load Length
years L/S L/S L/S L/s L/S L/S L/S
1 108% 112% 105% 106% 106% 115% 93%
10 107% 111% 105% 106% 106% 117% 86%
100 106% 109% 107% 107% 108% 116% 62%
1,000 107% 107% 111% 112% 112% 117%

T Fairlead Tensions

Line Tension or EOL Load, tonnes

Large Branch

150

10 ReturnPeriod,years

100

Intact Turret Offset Summary: 1 to 1,000yr Return Periods

Turret Offsets

130

110

Turret Offset, metres

Large Branch

—— TenCont, Max Draft
----- MaxRxy, Max Draft

10 ReturnPeriod, years

TenCont, Mid Draft
----- MaxRxy, Mid Draft

100

TenCont, Min Draft
----- MaxRxy, Min Draft

1,000
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C) Installation, Pretensions, Load Sharing, and Impact on Strength and Fatigue Safety Factors

API RP 2SK, June 2020 Ballot Version — New Requirements on Acceptance Criteria of Installed Mooring System
The owner or operator shall verify that the as-installed mooring system satisfies the design criteria for the conditions specified in this
Code.

If the as-installed mooring system does not meet the design criteria, then appropriate plans shall be developed and implemented in
a timely fashion to ensure that the design requirements are satisfied.

The owner shall develop, installation tolerances, procedures, and acceptance criteria to ensure that the installed mooring system
satisfies the assumptions made in the design or site assessment.

In particular, mooring line pretensions used in the strength and fatigue analyses shall be consistent with the installed pretension, this
is especially important for mooring systems with grouped lines.

- If perfect load sharing between lines within a group is used for the strength and fatigue analyses, then the installation procedures
and acceptance criteria shall ensure that the installed mooring system also has perfect load sharing.
- If the mooring system strength and fatigue analyses use, for example, a £10% variation in pretensions, then the installation
procedures and acceptance criteria shall also result in pretensions within a +10% variation
25% As-Installed Mooring Line Top Tensions

20% —&— Design Pretensions
EChOSCO pe I mage —e— Measured Pretensions (0 months)

15%

--o--Measured Pretensions (0+8 months)
10%

5%

ine (2,68,1.50,0.00m 4,53m
0%

-5%

Delta from Group Average

-10%

.

Suction Pile Trench
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C) Installation, Pretensions, Load Sharing, and Impact on Strength

-10%, 0%, +10%
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+143% at 50m

N\
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and Fatigue Safety Factors

Line Tensions: Mid Draft, Intact, LC302_sq2

800 1
700 — line 1 09

—— Line 2 08
600

— Line 3

——Squall_2 (AB15 numbering)

0 500 1000 1500 2000 2500 3000 3500 4000
Time (seconds)

Line Tensions: Mid Draft, Intact, LC302_sq2

—— Lline 4 09
— Lline 5
08
—— Lline 6
X 0.7
——Squall_2 (AB15 numbering)
06
05
04
03
0.2
0.1
0
0 500 1000 1500 2000 2500 3000 3500 4000

Time (seconds)

13, 2020-10-14, DWS & RTG



C) Installation, Pretensions, Load Sharing, and Impact on Strength and Fatigue Safety Factors

Fatigue Life Years - Group 4 Strength: Mid Draft Intact - Group 1

1.2
600 [ I T TTTTII \ [ T TTTTTI
LINE 1 Top Chain ====- LINE 1 SS-wire = = =LINE 1 Bot Chain ’,Jg
LINE 2 Top Chain ====- LINE 2 SS-wire = = =LINE 2 Bot Chain P,.u\f“’
Fatigue Life 1 = LINE 3 Top Chain  ====- LINE3SS-wire = — = LINE 3 Bot Chain W_,»*‘
500 — _ years _ e
Line 10 (+10%) 143 (1.0) P 22T
Line 11 (-10%) 480 (3.4) Tos e
Line 12 (0%) 237 (1.7) 2 /‘g
400 5] e -
EO 6 ‘/4/’ 1 /1’:
o - T e -~ T
- - -
3 '{:{' ,.;--"":':‘::
300 g os r T = 7
< _.--'l‘":':—' -
an =17 ="
5 ==TT- - =T TL S
200 502 Cme—ee= sE====—e - 2 p=-=—T
100 0
1 10 Return Period, years 100 1000
Util. =0.6
0
Line 10 (+10%) Line 11 (-10%) Line 12 (0%) years
Line 1 (0%) 400 (125)
Line 2 (-10%) >1,000 (>312)
Line 3 (+10%) 3.2 (1.0
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