DIN EN ISO 13628-5:2010-05 (E)

Petroleum and natural gas industries - Design and operation of subsea production
systems - Part 5: Subsea umbilicals (ISO 13628-5:2009); English version EN ISO
13628-5:2009, only on CD-ROM

Inhalt Seite

L 0T = T o 8
L T 11T T o 9
1 ST o o - 10
2 NOIrMAtiVe refEreNCEeS...... s s s s s s ssssssssnnnsnsnnnsnnnnnnn 10
3 Terms, abbreviated terms and definitions ... 12
3.1 Terms and definitioNs ..........oooooii e ana s s s s s ssssssssseeneeeeennnnnnnnn 12
3.2 Abbreviated terms ... eeeeneeessnsesessssssssssssssssssssseesseseeeesennennnnns 18
4 Functional reqUIrements............ooooo it s s s s s s s s s s s s s s s s ssssssssssssssssnsnnnnnnnnnnnnn 19
41 L T=Y = LI =T LT E =Y 4 0= o 19
B T IO U 1 ¢ 1 o 1 | 19
4.1.2 End terminations and ancillary equipment.............ccoomiiiii e ——— 19
4.2 Project-specific reqUIremMents..........ccccoiiciiiiiciiir e 20
5 Safety, design and testing philoSOPRNY........coo i 20
5.1 N o] 0] 1o 1o o P 20
5.2 Safety 0bJective .....ccce i ——————— 20
5.3 SyStematiC reVIEW ... —————————— 20
5.4 Fundamental reqUIremMeENnts ... s s e s 20
E I Bt B € 1Y o V- - | R 20
E I B O T 11T L= U] = T - 21
5.5 Design PhiloSOPRNY ......oiiiiiiiii i ——————— 21
L0 20t TR B == T T I o1 ] 4 e o = 21
L0 T == T | TN o - L= 21
L7 70 TR B T= Y= T T I8 4 0= £ Te T Lo e T )Y 22
5.6 == {1 ' 22
L TR T €71 3T - | 22
5.6.2 Qualification teSting .........ccociiiiiiiriirr e as 23
5.6.3 Verification teSting ........cvviiiiiiiii i ——————— 23
5.6.4 Acceptance teStiNg.........ccciiiiiiimiiiiiir i —————— 23
6 [ T==3 T T T =T [ F T =0 071 L= 24
6.1 =Y 3 = - | 24
6.2 I o T Vo [ 24
6.2.1 Load classifiCation .........ccooeii i ————————————— 24
6.2.2  FUuNCtioNal 10@dsS ........cumiiiiiiiiiieii e 24
6.2.3 ENVIironmental 10@ds ... 25
6.2.4 Accidental 0ads .........cccciiiiiiiiiiieiirr 25
6.2.5 Load combinations and conditions............cceccciemiiiincci e ———————————— 26
6.3 [T To = 3 =T o3 = T B 1 )= L= SRR 28
LR FRg T €71 3T - | 28
6.3.2 Global load-effect analysis.........cccuniiiriiiiiirin i ——————————— 30
6.3.3 On bottom stability analysis ........ccccecriiiisimiinn i ————————— 30
6.3.4  Pull-OUt @NalYSiS ...cciiiiereiiiiniriiniir i 30
6.3.5 Vortex-induced vibration analysis...........ccccouniiimiiniii i ———— 31
6.3.6 Interference analysis.......cccciiiriiiiini s ——————————————— 31
6.3.7 Free spanning @analySiS.......ccciucierrinrissreiinnsisiisssr s s 32
L R T o ¥ ] T - T3 F= 1 Y- 32
6.3.9  Structural @NAlYSIS ......cccccririiiiiciieirrirr s srssssrr s s e n e e s e nn e e e eaaa e R neeeeeaansnnnnnnnnees 33



6.4
6.5

7.1
711
7.1.2
713
7.2
7.21
7.2.2
7.23
7.24
7.2.5
7.2.6
7.2.7
7.2.8
7.29
7.2.10
7.3
7.31
7.3.2
7.3.3
7.3.4
7.3.5
7.3.6
7.3.7
7.3.8
7.4
7.41
7.4.2
7.43
7.44
7.4.5
7.4.6
7.4.7
7.4.8
7.4.9
7.4.10
7.411
7.412
7.5
7.51
7.5.2
7.5.3
754
7.5.5
7.5.6
7.5.7
7.5.8

8.1
8.2
8.3
8.4
8.5

8.7
8.8
8.9
8.10
8.11

Installation @aNalySis.......ccccciiiiiiiiiiniiirirr s s 34
= 1 o 11T T S 35
Component design, manufacture and test...........coo i —————— 35
=Y 3 = - | 35
Design VerifiCation.......cccccceiiiiiiii i ————— 35
L@ T 114V o - T 35
1 E= 1= o F= K==Y== o2 4 o o 36
[ L= o i g o == o[- - 36
7= 1T - | S 36
(0 o T=T =Y g Vo [0 | = T [T SR 36
1T =Y g o 1 o] = 36
£ T T E= T o= =3 R 37
L0 Y 0T 4 1 o2 £ T o S 37
Performance reqUIrEMENTES ..........cccceemiiiriiisicccssceeese s sssssssssne s e s s ssssssssssme e e e e ssssssssnmnesenesesnssssnenssnsssssnnnns 39
Structural analySiS.......ccociriiiiiirii e ————————————————— 40
MaNUFaCtUNING ....ceeiiieie i 40
Verification/qualification testing ..........ccoceririiiiini e ——— 42
AcCCEPLaNCe tESTING .....cciiiiiiriiiirr i ————————————————— 44
[ [0 = 47
=Y 3 = o | 47
HOSE SIZING ceeeiieiiieiiiiiiiennnnnennnnnnnn s s s ssssssssssssssssssnsnsnsnsnsnnnnnsnsnsnnnnnnnnn 47
[ Lo =T o201 1= 4 T 1o o 47
Performance reqUIrEMENTES ..........cccccemiiiriiiiicccsscre e s s sssssssssne s e e s sssssssssnme e e e s s sssssssnmnesenesesnssssnenssenssssnnnns 49
ES] T T2 0] = T IR 1 B 1T SR 50
1 T U] = e UL T ' [ PR 50
Verification/qualification teSting ..........ccccoeiiiiiii s 51
Component factory acceptance tests........ ..o 56
Optical-fibre Cable....... s e 58
=Y 3 = o | 58
T =8 T 58
Fibre CONSIIUCLION ... s rn s n s nnnnnnnsnsnnnnnnnnn 58
{0210 [ o 0T 0 £-3 1 o 1T o2 4 o] o 58
Gt TR =Y o T a1 1= o i T =SS 59
Performance reqUIrEMENTES ..........ccccceiiiriiiiiicccsscnrers s sssssssssns s e s s ssssssssssme e e e s sessssssnmnesenesesnssssnenssenssssnnnns 59
0 o 1 11 3T S 60
ES] T T2 0] = T IR 1 B 1T SR 60
1 T U] = e UL T ' [ PR 60
Verification/qualification teSting ..........ccccoeiiiiiii s 60
AcCCEPtanCe teStING ......coiiiiiriiiiir i ———————————————— 61
Delivery teStING ..uuiiiiiiriiiiir i ———————————— 62
MetalliC tUDES .......cerr s s e nnn s nnannnnnnnnnnnnnnnnn 62
=Y 3 = o | 62
L L T - RS 62
1 E= 1= o F= K 3=T= = o2 4 o o 66
(00T g fo T TeT TL=T LoT=TTo] g T o] o =Y o2 £ T o TP 67
Hydrogen embrittlement ... s s s s nnnnnnnnn 68
QLI o L= 0 F= 1 L0 T 0 SR 68
LI L 2R =1 e [ 3 T S 71
Steel tUbe teSHING ... ... e r e e e s a e annnnene s 73
Terminations and ancillary equipment desSign .........cccccviiiiiiii i anana 78
[ LTS3 T g T o] g 4 e ] (== 78
[ T =TT T g T 0] o T =Y 79
Armour termiNatioNS ........coooiiiiiii e e e reerrrerenereeersssnsnsmsRRRRRREerRenenennnnnnnnns 79
Tube and hose terminations...........coooiiiii e s s s s s s s nsmsms e s e sennnnnnns 79
Cable terminatioNs...... ..o ——————————————— 80
1 1T T 7= T 80
JLIC ] ¢ 53 e [0 B 14 Ve T R 81
Subsea termination INTErface ..o 81
Subsea umbilical termiNAtioN..........coii i 81
==Y o T I X5 €T o) 82
271 0 Lo B3 i =T 0 =Y SRS 82



= e B €T 3T - 82
8.11.2 Dynamic bend StiffEnNers.........cccccciiiiiiiiccccrrr e s e 82
8.11.3 Static bend StIiffEenNers ... ————————— 83
8.12  Ancillary eqUIPMENt ... e e 83
20t 720 T oY1 | 8 oo 83
< 7 1 Y- 1 114 T 83
8.12.3 Buoyancy attachments ..o ———————— 84
0t 2 S 0= 11 - 1= 84
8.12.5 Vortex-induced vibration strakes ...........ccccoeiiiiiiiiiiii e ————— 84
8.12.6 Riser-tube seals...........cocmiiiiiiiiir e ————— 84
< 20t 7 I = o - T Qe = T 1 1 85
8.12.8 Temporary hold-back Clamps ... 85
= 2 T = =Y |15 Vo U o 85
0t 70 08 3 ==Y g o = T 1 ] o 85
9 L 1T o 11 1= T L= T o 85
9.1 BLIC=T 0T o =T UL = T g T [ 85
9.2 Maximum teNsSile [0ad ........ . e s 86
9.3 Ultimate tensile 10ad......... ... s n s nnnnnnnn 86
9.4 Minimum bBend FadiUus ... s e s n e e e s e nnnn 86
9.5 Cross-sectional arrangement.............ccccieiiiiriir e ————————— 86
9.6 I T o 86
9.7 SUD-DUNAIES ... e e e e s 86
9.8 INNEr Sheath ... ——————— 87
9.9 N 1 0T U T o T P 87
9.10 OULEr SREALH ... e e s 88
9.11 LeNgth Marking......oceeeeiemmimmiimieeciceciceeeeeesennnss s ssssssssssssssssssssssssnsnsnsnsnsssnnnsnsnnnnn 88
10 Umbilical manufacture and test.......... s 88
10.1 Umbilical ManUFACIUIe ... s s s n e e sr s nnnnnn 88
0 I €7 4 - - T 88
e 0 - T T« 88
10.1.3 INNEIr SNEALN ... ann s nnannnannnnnnnn 89
g I £ 4 o T U o 90
10.1.5 OULEr ShEAth ... e 90
10.2 Qualification and verification tests..........ccccooiiiiriciiinncc e ——————— 90
V00 T 7= - - | 90
10.2.2 Monitoring during full scale umbilical teStS .......ccccceviiicicceiriir e 91
1 Factory acceptancCe teStS ... s nnnn 91
11.1 7= =T o 91
11.2  Visual and dimensional iNSPeCioN ... 92
11.3  Electrical continuity at the termination ..........ccccocciiiiiii e ———— 92
11.4  Trial termination fit-Up ... e 92
11.5  ElIECHIC CADI@ ... nnna s n s nnnnnnnnannnn 92
11.6  Optical fIbre Cables ....... e e 92
T A o o =3 92
T I ¥« T 93
11.9  TermMinNAtioNS ... 93
11,10 CONtiNUItY CRECK... ..ot recr e s e s s mm e e e e s s e s s s amn e e e e e e s ea s s smnneesas s snnnnnennesnnnnn 93
12 £ o - T [ SR 93
12.1 7= =T - 93
12.2  Protection of unterminated umbilical components .........ccccceiiccccirrir s 94
12.2.1 EIeCtrical CabIes ........ s a s nnnnnnnnnnnnnn 94
12.2.2 Optical-fibre Cables ... 94
12.2.3 Hydraulic hoses Or tUDES ........coiciiiiiiiin i ——— 94
12.3  SPare IenNgth ... —————————— 94
L S (Y o - T 1 1L (= 94
12.5 Handling for integration tests ..........ccccciiniii e ———— 94
13 Pre-installation aCtivity ... ———— 95
13.1 Umbilical information.............oo e e 95
13.2 RoUte INFOrMALtioN.... ... e 96



13.3 Terminations and ancillary equipment information...........cccooiiriiinriccinrcc e 96
13.4  Host facility information............oci 96
13.5 Subsea structure information.............. e ———————————— 97
13.6 Host facility ViSit ... e 97
14 I 7= T o 1 97
14.1 =TT - 97
14.2  Technical audit of load-out facilities............oocciir s 97
T e - o R T UL o o o= L] - 98
14.4  Pre-10ad-0ut MEELINGS ......ccuu s s s s s s s s s s s e s s s nsnnnnn 98
14.5  Pre-10ad-out tests ... 99
L 38 T TR - - - | 99
14.5.2 ElECtriC CabI@S.......cueeeeiiiii ittt 99
14.5.3 Optical fIre CabIes..... ..o s e e mn e e e e e aannn 99
14.5.4 HOSES/HUDES......ceiiiiei i e s e s mn s s e e e e e eamn e s e mn e e e e e e e nns 100
I T o = o o T UL o Y- - 1 o o 100
14.7  Stopping and starting the 1oad-0out............cccceiiiiiiiini e —— 100
14.8 Handling of the umbilical ..........occiiiiiiii i ——— 100
L R TR TR - T - 100
R 07 T SRS 100
3R R T = 71 T 1 T 101
14.8.4 Lifting the UmDbIlIiCal.........oooi e 101
14.8.5 TransSfer aCroSS SPANS ......cccccccerrriiiiiisisnrrrrrrisssssssssre e e e s ssssssssmsrseeessaasssssmssseeesssasssssmnsnessssssssannnnnnnssannsn 101
14.8.6 TermMiNAtioNS ... R 101
L R TR A4 1=T 1 1o 101
14.9  Load-0OUt MONITOFING.......c s s s s e nnnn 101
L 35 TR TR 7= T - | 101
R T Y =Y o T o= o] 1= 101
14.9.3 Optical fibre cables......... s 102
14.9.4 HOSES/UDES.........eeeeeee e e e mmm e e e e e e e ar e e e e e e e nnnn e e eeeaanan 102
14.9.5 Visual @XamiNation ... ms e me e mn e e n s 102
14.9.6 Umbilical 1ength .......oooieiiiir e ——— 102
14.10 Load-out 0N a reel OF CArOUSE ... mmn e s smnn e e e s aan 102
14.11 Post-load-out tests ... ————————————————— 102
15 Installation OPEratioNs ... s 103
15.1 7= =T o 103
15.2 Requirements for installation vessel and equipment ..........ccccoiiccccirnr s 103
15.3  Pre-installation SUINVEY ... s s s s sssssssssssssssssnsssssssnsssssssnns 104
U 70 0 T 7= T - | 104
15.3.2 Requirements Of SUIVEY .......cccciiiiiiriiniiniieir s s s s an s s s ne e s nans 104
T 2R T 50T oo 1 3 105
15.4  |-tube or J-tube pull-in OPErations ...........co i 105
T B0 TR - T - 105
15.4.2 Preparatory WOTK ....ccciiiceieiiiieisi i s s s as e s s e an e s e an e s b an e e e e ane e e e ans 105
15.4.3 Weather Window for PUll=in..........o s e 105
15.4.4 Initiation of pull-in OPerations ..o e nn 105
15.4.5 ViSUQAI SUIVEY ......uiiiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnns 106
15.4.6 Recovery of the MEeSSENGEr WIre.........cccciiiiiiiiiiiicrirerin s ssssssrre e rsss s ssssme s e e s eessssssssms s e s e esssssssnnneesessnnsnn 106
15.4.7 First @Nd PUII-IN ... s s nnnnnn 106
15.4.8 Securing the umbilical on the host facility ........ccccceeiiccccirii e, 107
15.4.9 |- or J-tube sealing and chemical protection .............ns e 107
T B LS T=Y oY 4 Lo 1= 0 Vo o1 T 107
15.4.11 Movement of vessel away from the host facility ..........ccccouvvmiiniiiiniis 107
15.5 Lay-down of subsea termination (first end).........cccccviiiimiiiiin e —— 107
L T T - | o U - 108
15.7 Handling requirements for the main lay .........ccccccmiiniiiin e ———— 108
15.8 Vessel positioning to achieve required touch-down .............co e 108
15.9 Control and monitoring of length laid ..o e e 109
15.10 Integrity monitoring dUriNg laY.........cueeeeeimimmmmmmmmeeeieneeennnnnnnsnnnsnsss s s s s s s s s s s s s s s sssnsnsssnns 110
U T80 0 TR 7= 1= | 110
15.10.2 EIeCtriC CaDI@S......cueeeeeiiii it 110
15.10.3 Optical fIore CabIes........ooi i m e e s s e mme e e e e e e nn e e e e e e nannnn 110

-4 -



T 0 O o T3 =Yy 1 W o - 110

15.10.5 VisSUAl INSPECHION ... s s n s s nsnsnsnsssnsssnnnnnnn 110
15.10.6 IN-line terMiNAtioN ... e mnn e aan 110
TR B T = 10T = 1o o =Y =T A e L= 111
TR B g - T - 111
15.11.2 Monitoring during the burial operation............ccccciiiiiiii e —— 111
15.11.3 Interaction with UmDbIliCal ..........oo e e 111
15.12 Approach to subsea termination position (second end)..........ccccciiriiiiniiinn 112
15.13 Lay-down of subsea termination ...........ccccceiiicccicmiiii s 112
15.14 Pull-in of subsea termination ... 112
15.15  PipPeliNe CrOSSINGS ..cuuuuuuueeniennnnnnnnnnnnnnnnnnnnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssnsssnsnsnsn 113
15.16 Buoyancy attaChments ..........oee s s s s s snnnnn 113
15.17 Arming of the Weak liNK .........ceiiiiiiiiiiceciriis s cserr s ss s ssssr s e s ss s s sms e e e e s s e s s mmn s e e e e e s mmnnneenesannnn 113
15.18  POSE-IQY SUINVEY ... s ssssssssssssssssssssssssssssssssssssnsnssnssnsssnnssnsnnnnn 114
15.19  POSt-DUAl SUIVEY ....ociiiiictr s 114
15.20 POSE-PUII-IN ST ... e 114
15.21 POSt-hOOK-UP teSt ... . e e 115
15.22 Retrieval of installation @ids...........cuii i ————_—— 115
T T O o T ¢ 3 e 1= 13 = 115
0 S (Y o - T 115
15.25 Post-inStallation SUINVEY ... s s s snnnnn 116
Annex A (informative) Information that should be provided in a purchaser's functional

£ 0T o3 o 1o o SR 117
A1 (7= 1= - | 117
A.2 Information that should be provided............cccooiiiiiiiccccr e e 117
N B = ToToY o Y= o o F=AY =Y Fo o 4 =T o | S 117
N = T oo Y oY= o3 =T T oY o] 117
A.2.3 Applicable codes, standards and regulations............cccccimiiiiiiciciir s 118
A.2.4 Operating eNVIrONMENL ........cciiiiiimiiirr i 118
A.2.5 Specific purchaser reqUIremMeNts ...........ooo i s 118
A.2.6 One-off functional reqUIreMENtS............oo s 120
N A 131 =T o - Lo - 121
A.2.8 Installation reqUIremMeNts.........cccoiiiiiiiiiiiiiiiiisrss s s s s s s s snsmsmsmsmsmsmsmrerennnnnnnnnnnnns 121
N TR == o Lo  T=T] o1 L =Y 121
A3 Design basis dOCUMENt ............o s s s s 122
Annex B (informative) Umbilical teSting.......ccccciiiiiiiiicemmiiii s cssrr e e e s 124
B.1 Schedule of tests performed as part of the manufacturer's quality assurance programme.....124
B.2 Schedule of tests performed as part of the installer's load-out and installation program........ 126
Annex C (informative) Hose and tube preferred Sizes .........ccccciiiiiiiiniinn e 128
Annex D (normative) Characterization tests for hoses and umbilicals ..., 129
D.1 [0 = - 129
D.1.1  Volumetric eXpansion test...... ... e 129
D.1.2 Dynamic hose resSponse test........cccciiiiiiiiiiiniii s ———————— 130
D.2 Umbilical bend stiffness test........... e 132
Annex E (informative) Fatigue testing ........cccccmiiiiciciiiiiii e ssssr e sssn e e anne e e n e 133
Annex F (informative) Load-effect analySiS.......cccccciimimiiiiiiiciiseciier s cssscs s ss s sssss s e s s s s s ssnmne e e e ss s e 135
F.1 8] L0 T2 0] = TR 1 B 1)V R 135
[ e T 7= o 1= | 135
F.1.2 Overview of structural analysis methods .........cccccvieccciiemiiii s e 135
F.1.3 Calibration of structural analysis methods ..........ccccccccimmiiiiicccccce e 137
F.2 Comparison of umbilical desSigNs........cccocvviriiiii e ———— 138
F.3 Fatigue analysis strategies .........cccoiiiiiiiic e ——————— 138
F.4 Global load effect analysis methodology ..........cccciiiiiiiiinnii 140
R B O € 1= T - | 140
F.4.2 Cross-sectional modelling in global analyses ...........cccoiviiiiniii 142
F.4.3 Global modelling considerations...........ccccevimiinnimii 144
F.5 INStallation @NAIYSIS .......ccccciiiiiiii s s 145
Annex G (informative) Umbilical full-scale tests ..........cccciiriiiciiiniciiiicrr e 147



G.1 Umbilical fUll SCAle tESLS .......cciiiiiiieieiiii i rr s s s s e e s e e s s s s s e e reennan s e e e e e e nnnannnann 147

G.2 Example procedure detail: Umbilical squeeze/crush test.........ccccomriiicccccerenninsscccsseee e 151
L g T VT e Yo == 151
L T == A oo Yo7 L] - 151
(C T T Ve =Y o =T o= o 1 (=T o - T 152
(00 = T 5 1 ' 152
Annex H (informative) Tube material MatriX.........oo s 153
H.1 (€T £ 1= - | 153
Annex | (informative) Tube-wall thickness example calculation ...........ccccoiriiiiinccinccc s 165
1.1 1071 1= -1 165
1.2 8T 0] 11 165
1.2.1 0 10 L0 1= T 165
22077 0 T=Y =3 T T3 o= 1 [ o U] = o o 166
070 T 0 T=Y =3 T 3 R e = c 167
1.3 Calculations iN USC UNILS ... s e s s e s e e e e e e e e e e e e e e s e s e s e e e e e s 168
1.3.1 0T o U e 1= - 11 L 168
1.3.2  Design calculation ... —————— 169
1.3.3  DeSigN CheCK......coiiieiiiiii i 170
Annex J (informative) Buckling of metallic tubes ...........oo s 172
J.1 Displacement controlled bending ... e 172
J.2 L0 o | =T X S 172
J.3 Propagating BUCKIING .......coeiiiiimimiiiiiiecicecemecemnssssnsssssnsnsnsssssssssss s s ssssssssssssssnsssssssssnnnss 174
=] o] Lo T T T o T/ 175



		2026-06-22T01:59:22+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




