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1.  SUMMARY  

Overview  

Nord Stream (NSP1) between 2010 and 2012 installed two 48 inch gas pipelines from 

Portovaya Bay in Russia to Greifswald in Germany and are now plannin g to install a further 

two pipe lines.  This new project is known as Nord Stream2 (NSP2) and the proposed 

pipeline route is approximately 12 50 km long, with a maximum water depth of around 

210m.  The planned route crosses the territorial waters and Exclusiv e Economic Zones 

(EEZ) of Germany, Denmark, Sweden and Finland and the territorial waters in Russia.    

Global Maritime has been requested to carry out a quantified risk assessment of the 

construction phase of the project , i.e. covering :  

¶ Preparation of the landfall facilities including dredging.  

¶ Pre- lay intervention works/rock placement including vessel loading operations.  

¶ Pipe- lay including the pipe load out and transportation.  

¶ Post - lay intervention works/ rock placement including vessel loading operations.  

¶ Pre-commissioning operations.  

It should be noted that this document represents GMôs current understanding of the project 

based on available Company -provided information  and does not in any way represent any 

firm commitments from NSP2.  

The assessment consi ders risks as follows:  

¶ Risk to humans: vessel crews, onshore crews, third party personnel i.e. on passing 

ships and onshore.  

¶ Risk to the environment.  

The tolerability criteria and risk assessment methodology are  based on standard industry 

practice and gui delines developed by Det Norske Veritas (DNV -GL) and the UK Health & 

Safety Executive (HSE).    

Project information and some risk related material ha ve  been obtained through reference 

to reports issued by NSP1 and NSP2, Saipem  and Ramboll.  In particular , the ship traffic 

risk assessment has been provided by Ramboll.  Where possible up - to -date information 

has been obtained from NSP2 documentation and recent research publications, otherwise 

reference has been made to documents used for the risk assessment of  the NSP1 pipelines.  

This report includes a identified pipeline construction hazards and the corresponding 

quantitative risk assessment considered the following:  

¶ Passing vessel collision with construction vessels.  

¶ Vessel fire.  

¶ Vessel grounding.  

¶ Vessel sin king or capsize.  

¶ Oil spills during bunkering operations.  
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¶ Helicopter accidents.  

¶ Vessel position loss ï moored and DP vessels.  

¶ Dropped objects ï (pipe joints).  

¶ Dropped objects ï (anchors)  

¶ Tensioner failure  

¶ A&R winch/wire failure.  

¶ Diving operations.  

¶ Munitions . 

 

Risks to T hird Party Personnel  

The quantitative assessment concluded that the individual risks to third party personnel 

are limited to passing vessel collisions and these are summarised in the table below.  The 

individual risks per person per year are p rovided for the full extent of the pipeline route 

and for each country segment.   

Ship Type  Russia  Finland  Sweden  Denmark  Germany  Total  

Cargo  5.5 x 10 -8 3.5 x 10 -7 1.8 x 10 -6 1.0  x 10 -6 8.1  x 10 -7 4.0  x 10 -6 

Tanker  1.4 x 10 -8 8.7 x 10 -8 4.6 x 10 -7 2. 6 x 10 -7 2.0  x 10 -7 1.0  x 10 -6 

Passenger  1.5 x10 -10  9.7  x 10 -10  5.1 x 10 -9 4.4  x 10 -9 2.3  x 10 -9 1.3  x 10 -8 

All 

vessels  

6.9 x 10 -8 4.3 x 10 -7 2.3 x 10 -6 1. 3 x 10 -6 1.0  x 10 -6 5.1  x 10 -6 

 

The risks to third party personnel  were  found to be lower than the pro ject tolerability 

criteria , where the relevant tolerability criteria are  indicated below and further described 

in in section 5 (reference 4.3):  

¶ Maximum risk of fatality for workers   10 -3 per person per year.  

¶ Maximum risk of fatality for the public   10 -4 per person per year.  

¶ Broadly acceptable risk     10 -6 per person per year.  

The group risks for third party personnel for the totality of the route are provided  on the 

F-N curve below and it is noted that the risks to cargo ship crews are just inside the ALAR P 

(As Low As Reasonably Practicable ) region , which is defined by the red and green lines in 

the figure below.  
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Further details including g roup risks for each country are presented on separate F -N 

curves in the corresponding section 7.  

 

Risks to Constru ction Personnel  

The individual risks of personnel on the construction vessel are  estimated for all potential 

emergencies and provided below, where all risks are  lower than the tolerability criteria  of 

10 -3 per person per year :  

Pipe lay vessel (anchored)   1.9 x 10 -5 per person per year.  

DP Pipe lay vessel    6. 9 x 10 -5 per person per year.  

Shallow water pipe lay   2.9 x 10 -5 per person per year.  

Pipe carrier     1. 7 x 10 -5 per person per year.  

Anchor handler    6.2 x 10 -6 per person per year.  

Supply vessel     1. 6 x 10 -5 per person per year.  

Rock placement    8.8  x 10 -6 per person per year.  

DSV     7.2  x 10 -5 per person per year.  

Trench support    1.0  x 10 -6 per person per year.  

Survey vessel     1. 9 x 10 -5 per person per year.  

AWTI support vessel    5.3 x 10 -5 per pe rson per year.  

Dredgers (landfall operation)  1.6 x 10 -5 per person per year.  

Diving operations    6.0 x 10 -6 per person per year.  
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The individual risks for personnel on construction vessels are listed for each vessel type 

and per relevant country below , whe re the risk evaluation is  based on the number of days 

vessels operate in the corresponding country sectors.  

Vessel  Russia  Finland  Sweden  Denmark  Germany  

Anchored 

Pipelay  

    1.9E-05 

Anchor handler      5.8E-06 

Pipe carrier      5.0E-06 

Supply vessel      4.9E-06 

DP1 Pipelay  6.6E-06 1.4E-05 3.5E-05 1.2E-05 9.4E-07 

Pipe carrier  1.6E-06 3.5E-06 8.3E-06 2.9E-06 2.3E-07 

Supply vessel  1.5E-06 3.4E-06 8.1E-06 2.9E-06 2.2E-07 

DP2 pipelay   1.3E-05 3.2E-05 1.2E-05 1.2E-06 

Pipe carrier   3.2E-06 7.7E-06 2.8E-06 2.8E-07 

Supply vessel   3.1E-06 7.5E-06 2.7E-06 2.8E-07 

Shallow water 

Pipelay  

8.0E-06    2.9E-05 

Anchor handler  1.7E-06    6.2E-06 

Pipe carrier  1.5E-06    5.4E-06 

Supply vessel  1.4E-06    5.3E-06 

Rock 

placement  

8.2E-07 5.5E-06 1.2E-06 1.2E-06  

Mattres s 

installation  

1.6E-05 1.6E-05 1.6E-05 9.1E-06 1.6E-05 

Trencher    5.8E-07 4.2E-07  

Total IR  3.9E-05 6.2E-05 1.2E-04 4.6E-05 9.9E-05 

Note: Each pipelay vessel is supported by pipe carriers, supply vessels and anchor handlers 

(where applicable) and these  support vessels are assessed in groups defined by the bold 

borders.  

The g roup risks for construction personnel are  provided in the F -N curve  below, where 

the risks are in the broadly acceptable region :  
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During the construction of line B, line A may be o perating and the risk assessment 

considered potential damage to the line A from dropped pipe joints during loading 

operations.  The risk of dropped object damage was found to be low but this depends on 

vessel size and with a pipe separation distance of 55 meters it may be necessary to 

consider loading to the side furthest away from the existing pipeline.   

It should be noted that helicopter incidents also fall within the ALARP region . However,  this 

is recognised as an oil industry issue and helicopter opera tions are carried out in 

accordance with specific standards and industry guidelines.  It is understood that crew 

changes will be carried out by crew boat and/or helicopter and flights will be considerably 

fewer than for NSP1. However, provided industry sta ndards are followed it is considered 

that the risks will be reduced to ALARP levels.  

The risks associated with dumped munitions and chemicals are obviously of some concern , 

where  it has not been possible to carry out a quantitative assessment due to the la ck of 

statistical data.  However, NSP2 carried out extensive surveys and the intention is to route 

the pipeline clear of any identified munitions.  It is assumed that a munitions procedure 

will be developed and issued to vessel crews explaining the potenti al hazards and 

procedures in the event that munitions are encountered.  Provided relevant precautions 

are taken , it is considered that munitions risks will be reduced as low as possible.  

 

Environmental Risks  

The findings of the environmental quantitative r isk assessment for the whole route are 

indicated on the DNV -GL matrix below . No high risk events and only three  medium risk 

were identified .  Environmental risks per relevant  country are provided in section 7.  
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Consequences  
Probability  

(increasing probab ility  from left to right )  

Descriptive  Environment  Remote  

(< 1.0 x  

10 -5 /y)  

Unlikely  

(1.0 x 10 - 5 ï 

1.0 x 10 -3 /y)  

Likely  

(1.0 x 10 - 3 ï 

1.0 x 10 -2 /y)  

Frequent  

(1.0 x 10 - 2 ï 

1.0 x 10 -1 /y)  

1  

Extensive  

Global or 

national effect.  

Restoration time 

> 10 yr  

    

2  

Severe  

Restoration time 

> 1 yr.  

Restoration cost 

> USD 1 mil.  

t, v,  d, e, f    

3  

Moderate  

Restoration time 

> 1 month.  

Restoration cost 

> USD 1 K  

g,  u, w, x  
c, h, i, j, k, m, 

n, o, q, r, s   
  

4  

Minor  

Restoration time 

< 1 month.  

Restoration cost 

<  USD 1 K  

 a, b, l, p,  y, z, aa   

HIGH  

The risk is considered intolerable so that safeguards (to reduce the expected occurrence 

frequency and/or the consequences severity) must be implemented to achieve an acceptable 

level of risk; the project should not be  considered feasible without successful implementation 

of safeguards  

MEDIUM  
The risk should be reduced if possible, unless the cost of implementation is disproportionate to 

the effect of the possible safeguards  

LOW  The risk is considered tolerable and no  further actions are required  

 

The three medium risks that were identified are :  d = 3rd party vessel collision 100 ï 1,000 

t oil spill; e = 3 rd  party vessel collision > 10,000 t oil spill  and f = DP Pipelay collision 750 

ï 1,250  t  oil spill . 

These risks ar e all related to passing vessel collision and collision risk reduction is required 

to minimise the potential for environmental damage.  

Helcom data from 1988 ï 2009 indicates that the largest recorded spill in the Baltic Sea 

was 2,700 t and the estimates ab ove are considered to be conservative.  

The Ramboll report on accidental oil spill (reference 6.9) estimated that for any spills 

occurring in  the  mid Baltic Sea it would take approximately 48 hours for the oil to reach 

the coastline , while in coastal areas such as Bornholm this time would obviously be less.  

It will therefore be necessary to quickly respond to any oil spills. The construction vessels 

are all required to have SOPEP emergency oil spill procedures and equipment on board . 
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However , SOPEP kits rar ely include provisions for volumes  beyond a minor spill (tier 1) 

and therefore NSP2 has requested that all marine contractors have plans to deal with Tier 

2 and Tier 3 spills, through agreements with suppliers of oil spill response equipment.  
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2.  INTRODUCTION  

2.1  Introduction  

2.1.1  The NSP1 pipelines have been operating since 2011 and consist  of  two 48ò 

diameter lines with a  throughput capacity of  55 billion cubic met res/year.  Its route 

runs under the Baltic Sea from Narva Bay in Russia to the Germ an coast in 

Greif swal der Bodden.  The pipeline route is approximately 12 50 km long with a 

maximum water depth of around 2 50 m.  The route crosses territorial waters and 

Exclusive Economic Zones (EEZ) of  Germany, Denmark, Sweden  and  Finland and 

the territorial waters of Russia.   The risks associated with the reference route 

South of Bornholm are assessed in Report W -OF-OFP-POF-REP-833 -CONRISEN-

04 Construction Risk Assessment, this report includes the route North of 

Bornholm.  

2.1.2  NSP2 AG has now been established to construct further two pipelines with the 

same capacity as NSP1.   

2.1.3  The pipeline route is shown below:  

 

2.1.4   The project schedule is currently planned as follows:  

¶ Start of offshore construction lines A and B   3 rd  quarter 2018  

¶ Completion of line A      3 rd  quarter 2019  

¶ Completio n of line B      4th  quarter 20 19  
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¶ Pre-commissioning line A     3 rd  quarter 2019  

¶ Pre-commissioning line B     4 th  quarter 20 19  

2.1.5  The scope of th e present  work is to carry out a quantified risk assessment of the 

construction phase of the NSP2 pipelines project.  The assessment covers the 

wh ole construction phase of lines A  and B including:  

¶ Preparation of the landfall facilities.  

¶ Pre- lay intervention works/  rock placement including vessel loading operations.  

¶ Pipe- lay including the pipe load out and transportation.  

¶ Post - lay intervention works/  rock placement including vessel loading 

operations.  

¶ Pre-commissioning operations.  

¶ Post lay ploughing operations.  

2.1.6  The assessment considers risks as follows:  

¶ Risk to humans: vessel crews, onshore crews, third party personnel i.e . on 

bypassing ships and onshore.  

¶ Risk to the environment.  

2.1.7  The assessment has  also considered damage to line A while line B is  being installed  

as line  A may  be under pressure at this time.  

2.1.8  It should be noted that this document represents GMôs current understanding of 

the project based on available Company -provided information and  does not in any 

way represent any firm commitments from NSP2.  

2.1.9  Abbreviations  

AIS   Automatic Identific ation System  

A&R  Abandonment and recovery  

AHT  Anchor handling tug  

ALARP As low  as reasonably practicable  

ARPA  Automatic Radar Plotting Aid  

AUT  Automated Ultrasonic Testing  

AWTI   Above water tie - in  

BHD  Backhoe Dredger  

CB  Cargo Barge  

DGPS  Differential global positioning system  

DP  Dynamic positioning  

DSV  Dive Support Vessel  

EIA   Environmental impact assessm ent  

EPC  Engineering , Procurement and Construction  

FEED  Front End Engineering and Design  

FMEA  Failure modes and effects analysis  
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GM  Global Maritime  

GPS  Global positioning system  

HDPE  High density polyethylene  

HELCOM Helsi nki Commission (Governing body of the Convention on the 

Protection of the Marine Environment of the Baltic Sea Area)  

HPD  Hopper Barges  

ICES  International Cou ncil on Exploration of the Seas  

ISPS  International Ship and Port Facility Security Code  

MBES  Multibeam Echo Sounder  

NDE  Non -destructive  examination  

NEXT  Nord Stream Extension  

NSP1  Nord Stream Project 1  

NSP2  Nord Stream Project 2  

PHV  Pipe Haul Vessel  

PLB  Pipelay Barge  

PSV  Platform Supply Vessel  

PT  Pull Tug  

PR  Piling Rig  

PRS  Pipeline Repair System  

RDV  Rock Placement  Vessel  

ROV  Remotely operated vehicle  

SB  Supply Boat  

SBV  Standby Vessel  

SHD  Suction Hopper Dredger  

SOPEP Shipboard Oil Pollution Plan  

SSS  Side Scan Sonar  

SSV  Subsea Support Vessel  

SV  Survey Vessel  

TAC  Total allowable catch  

TEN ï E Trans European Energy Network  

TMS  Tug management system  

T & I   Transportation and installation   

UXO  Unexploded ordnance  

VTS  Vessel traffic system.    
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2.2  Assumptions  

2.2.1  The main vessels involved in the pipe lay operations are  assumed to be :  

¶ Anchored pipe lay vessel  

¶ Dynamic positioning  (DP)  pipe lay vessel  

¶ Shallow water anchored pipe lay vessel  

¶ Pipe carriers and supply vessels  

¶ Anchor handl ing tugs (AHT)  

¶ Rock placement vessels  

¶ Dive support vessel (DSV)  

¶ Dredging vessels  

¶ Survey vessel  

2.2.2  Vessel personnel num bers are assumed as follows:  

¶ Pipe lay vessel       300  

¶ Shallow water pipe lay      200  

¶ Ancho r handling tug , supply vessel and pipe carrier  15  

¶ DSV and trench support vessel     100  

¶ Rock placement  vessel      20  

¶ Cargo ships       20  

¶ Tankers        25  

¶ Passenger s hips /Ferries      450  

¶ Dredging personnel      10  

¶ Survey Vessel       40  

2.2.3  Vessel durations on site are based on the current project construction schedule 

and are summarised below   

 

Country  Vessel/Line  
Days in 

2018  

Days in 

2019  

Russia     

KP 0 to KP  13  
Shallow  water 

P/L (A & B)  
 26  

KP 13 to KP 11 4 DP1 (A)  29  

KP 13 to KP 11 4 DP1 (B)   28  

Finland     

KP 11 4 to KP 4 74  DP1 (A)  108   

KP 11 4 to  KP 300  DP1 (B)   61  

KP 300  to  KP 499  DP2 (B)   56 
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Country  Vessel/Line  
Days in 

2018  

Days in 

2019  

Sweden     

KP 499  to KP 1000  DP1 (A)   147  

KP 499  to KP 1000  DP2 (B)   136  

    

Denmark     

KP 1000 to KP 11 77  DP1 (A)   52  

KP 1000 to KP 1 177  DP2 (B)   49  

    

Germany     

KP 11 77 to KP 11 92 DP1 (A)    43 

KP 11 77 to KP 11 92 DP2 (B)    5 

KP 1192  to KP 1237  Anchored  88  1 

KP 123 7 to KP 12 64  
Shallow water 

P/L (A&B)  
95  00 

Total vessel days  

Shallow water P/L  
 

95  26  

DP1 (A)   137  292  

DP2 (B)    246  

Anchored Pipelay  
 

88  1  

2.2.4  Durations for other construction vessels are as follows:  

¶ Trench support vessel   48  days  

¶ Rock placement    21 3 days  

¶ DSV    110 days (mattress installati on cable crossings)  

¶ AWTI support vessel   168  days  

2.2.5  Bunkering frequencies are assumed to be:  

¶ Pipe lay vessel  twice a week  

¶ AHT  once every six weeks  

2.2.6  It is understood that c rew change will be by boat and helicopter .  For this 

assessment it is assumed that heli copter crew change will take place once a week 

with a flight duration of one hour.  Helicopter capacity is taken as 15 persons.  It 

is noted that no helicopter changes will be carried out in Russian waters.  
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3.  PROJECT OVERVIEW   

3.1  General  

3.1.1  This section has been in cluded to provide an overview of the project and some of 

the construction vessels and equipment that may  be used for the various activities.  

As project procedures have yet to be developed m ost of the information and 

figures are based on procedures used fo r the installation of NSP1 pipelines .  Other 

references have been noted in the text.    

3.2  Pipeline Route  

3.2.1  During the feasibility study  (reference 3.1)  for the NEXT project three main 

reference routes were evaluated from Russia to Germany .   

3.2.2  The outcome of the feasibility s tudy led to the development of a reference route 

which served as the basis for the development of the NSP2 budget and timeline 

estimate.  The Reference Route was defined considering the following:  

¶ Follows existing NSP1 pipelines as far as poss ible;  

¶ Is deemed a feasible route technically and environmentally;  

¶ Reflects the lowest risk at the current stage.  

3.2.3  A re - routing in Danish waters may become necessary, which leads to the routing 

North of Bornholm considered in this report .  

3.2.4  The Reference Route  corridor is approximately 12 50 km long and is a combination 

of mainly the FS (Originate in Russia, routing through Finland in the Gulf of 

Finland, then through Sweden and Denmark to Germany), and the ES (Originate 

in Russia, routing through Estonia in the  Gulf of Finland, then through Sweden and 

Denmark to Germany) route corridors as evaluated during the Feasibility Study.  

3.2.5  The route starts at a landfall in the Narva Bay area and crosses both the existing 

NSP1 pipelines and the deep water shipping lane in t he Russian sector.  It then 

moves into Finnish waters and passes through the Gulf of Finland before entering 

the Swedish EEZ in the northern part of the Baltic Proper to the north and west of 

the existing NSP1 pipelines.  

3.2.6  The route then crosses the NSP1 pip elines and proceeds through the Swedish EEZ 

to the east and south of the existing pipelines.  At this point, the route is east of 

the existing NSP1 pipelines and west of the shipping lane as it heads south through 

the Baltic Proper.   Once it has passed the  Hoburgs Bank nature reserve, it remains 

to the east of the NSP1 pipelines , and turns south west heading towards Bornholm.  

3.2.7  As it runs towards the southern part of the Baltic Proper, it again crosses the NSP1 

pipelines, and passes north and west of Bornholm .  It leads through the deep -

water  route, passes along the one -directional lanes inside the separation zone in 

the middle of the TSS, and exits the TSS through the precautionary area. The 

route then heads south east to cross Ronne Bank before turning towar ds Germany 

and the landfall at Lubmin.    

3.2.8  The proposed lay zones are currently designated as follows but may change as 

detailed engineering is carried out:  

¶ Lay Zone 1 (KP 13  ï 300)  



 

 

 

          PROJECT OVERVIEW       

PIPELINE CONSTRUCTIO N RISK ASSESSMENT ï I NCLUDING NORTH OF BO RNHOLM OPTION  

47127 -RP-002  | 2  W-OF-OFP-POF-REP-833 -RABCNBEN-03   PAGE 19  

¶ Lay Zone 2 (KP 300 ï 675)  

¶ Lay Zone 3 (KP 675  ï 12 50)  

3.2.9  The gas export pipeline  system, has separate anchor corridors for each pipeline 

route centred on the respective optimised route centrelines , defined as Line A and 

Line B. Survey data provided by NSP2 indicates that the horizontal separation 

between lines is as follows:  

Separati on between NSP1 and NSP2 lines:  

¶ 500m where routes run in parallel  (apart from crossings)  

Separation between the NSP2 lines:  

¶ Varies from approximately 25m to 10 5m  

 

3.2.10  On NSP1 it was found that in some locations in the Finnish sector it was not 

possible to l ower the DP system taut wire clump weights.  This was due to concerns 

that the pre - lay survey did not cover these locations and there was a risk of UXO 

contact.  It is recommended that taut wire clump weight requirements are taken 

into consideration during  the route survey planning.  

3.3  Technical Design  

3.3.1  The technical details of NSP2 pipelines are similar to NSP1 pipelines and are 

indicated in (reference 3.3).  The pipelines are divided into three pressure 

segments according to the pressure drop along the pipeli nes .  The kilometre point 

(KP) refers the location on the pipeline starting from the Russian landfall at KP 0.  

Each pipeline will consist of welded steel pipes that are protected with anti -

corrosion coating and concrete weight coating.   

3.3.2  The pipelines wil l have a constant inner diameter throughout their length in order 

to facilitate maintenance operations.  The outside diameter will vary due to a 

combination of varying wall thickness of the steel pipe and varying thickness of 

the concrete weight -coating, w hich has been determined based on requirements 

for pressure containment and stability over the length of the pipelines.  The 

maximum outer diameter of the pipelines will be approximately 1.5 m.  To reduce 

the risk of pipe collapse during construction, buck le arrestors (pipe reinforcement) 

will be installed in susceptible areas at specific intervals.   The buckle arrestors will 

be welded onto the pipelines through those areas that are susceptible to 

propagation buckling, i.e. deeper sea areas.  The buckle arr estors will be 

manufacture d in the same steel alloy as the pipelines and will be equal in  length 

to the pipe  joint s but  will have a greater wall thickness  and  machined thinner wall 

ends . 

Property  

 

Value  

Capacity  55 bcm/y (27.5 bcm/y per pipeline)  

Gas Dry , sweet natural gas  

Design pressure  KP 0 ï KP 300: 220 barg  

KP 300 ï KP 675: 200 barg  

KP 675 ï KP 12 50: 177.5  barg  

Design temperature  -10 to  +4 0 ° C 
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Property  

 

Value  

Operating temperature  -10 to +40 °C  

Design life  50 years  

Inner diameter of steel pipe  1,153 mm  

Wall th ickness of steel pipe  26.8, 30.9, 34.6 or 41.0 mm  

Thickness of concrete coating  60 ï 110 mm  

 

3.3.3  The bare steel pipe will be coated internally with epoxy flow coating to reduce 

friction and hence the pressure loss.  It will be coated externally with FBE, 3LP E 

(polyethylene) and with concrete which provides additional weight so the pipe 

remains stable on the seabed.  Both ends of the pipe are kept free of concrete 

coating so that the joints can be welded offshore.  These field joints are corrosion 

protected af ter welding by the application of a field joint coating and HDPE foam 

which is injected into the field joint void.  An example of the various layers of pipe 

coating is shown below.  

 

3.4  Environmental Conditions  

3.4.1  A considerable amount of metocean data was obtai ned for NSP1 and it has been 

proposed that this will be updated with hindcast models and direct measurement 

as described in reference 3.4.  However, it is noted that the checks carried out 

during the NEXT feasibility phase showed that the updates were foun d to be in 

broad agreement with those from NSP 1 and measured data.   

3.4.2  Long term weather data for NSP2 is reported in the project Metocean Design Basis 

(reference 3.5) which was issued in May 2016.  This report provides extensive 

data on wind, waves and cur rents.  Wave basic data ha s been entirely derived 

from the new DHIôs Metocean hindcast (covering the period 1979 to 2014). The 

new DHIôs hindcast has been derived from NCEP Climate Forecast System (CFS) 

and it entirely substitutes the older BALSEA  database  (used for NSP1 project) 

which was no longer maintained since 2007.   Current basic data have been 

extracted from  the origin al dataset used for NSP1 and only partially from the DHI 

operative model .  Some of this data is included in this general overview of Baltic 

Sea weather conditions.  

3.4.3  The general climate varies between a relatively mild maritime climate associated 

with a westerly air flow and the continental extremes of Russia with very cold 

winters and very hot summers.  Fog is most common in winter and early spring 

and least common in summer.  
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3.4.4  The frequency of winds of force 7 and above (30 kts, Hs 4.0m) is between 12% 

and 14% of the time in winter and between 1% and 3% in the summer.  Winds 

prevail predominantly from the SW but also prevail from the NE d uring high 

pressure over N. Scandinavia.  Sea waves are generated by the wind and the 

frequency is therefore almost the same as for gales.  Some of the roughest seas 

are experienced in the E of the area with persistent W to SW winds and in the SW 

with E to  NE winds.   

3.4.5  Currents in the area are generally weak except when affected by strong winds.  In 

light conditions there is a weak anti - clockwise circulation with rates less than 0.25 

knot setting SW near the Swedish coast and NE near the Polish coasts.  In t he Gulf 

of Finland the current sets E near the Estonian coast and W near the Finish coast.  

In general, persistent strong to gale force winds blowing along the length of the 

Baltic can increase surface currents  to 1 to 2 knots.     

3.4.6  NSP2 environmental data c ollection and analysis along a number of points on the 

route indicates that extreme weather conditions are as follows:  

Wind  

 

100 year return  30.65 m/s  

 10 year return  

 

27.90 m/s  

Wave  

 

100 year return  9. 42m Hs  

 10 year return  

 

8.2 3m  Hs 

Currents  

 

100 ye ar return  2,1 knots  

 10 year return  

 

1.3 knots  

 Note: 10 year and 100 year current data is taken from NSP1 environmental 

report.  

3.4.7  Tidal range is general very low; however, considerable differences in sea level can 

be caused by strong winds, variation in a tmospheric pressure and the seasonal 

changes in the amount of water brought down by the rivers.  A combination of 

these effects raises or lowers the level of about 0.6 m from the mean although at 

times this can be greater.   

3.4.8  In the winter fog and poor visi bility are more frequent in coastal waters than over 

the open sea due to the lower coastal temperatures and the ice edge.  In early 

winter and late spring sea fog tends to form near the ice edge with mild S to SW 

winds.  Fog frequency in the open sea reach es a maximum between late April and 

early June.  In March and April the percentage frequency of visibilities less than 1 

mile is around 25% in the NE of the area, the S tip of Gotland and near the coast 

of SE Sweden and around 10% elsewhere.  In July and A ugust the figures are 

around 10% and 2% respectively.  

3.4.9  In the summer air temperatures over the sea range from around 17° C and in 

coastal areas up to 30° C.  In the winter the air temperature falls to around 2° C 

in the SW and -2° C in the NE of the area wi th extremes as low as -15° to -22° C 

in the NE.  
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3.4.10  Severe ice conditions are characteristic of the Gulf of Finland and generally appear 

in the eastern part of the Gulf at the beginning of December and in the central and 

western parts in January.  Ice starts melting around the third week in March or 

first week in April.  In a severe season, ice cover is around 24% of the Gulf during 

December, reaching 100% in February, March and April and dropping to 13% at 

the beginning of May.  In a milder season, ice cover is around 10% of the Gulf 

during December reaching 80% in February and dropping to 4% at the beginning 

of May.   

3.5  Munitions and Chemicals  

3.5.1  A considerable amount of chemical and explosive munitions has been dumped in 

the Baltic since the end of the Second Wor ld War.  Information on locations of 

chemical dumps has been obtained by the Helsinki Commission in 1993 (reference 

3.6).  Some dump sites have been formally identified at Bornholm and to the 

South East of Gotland and some information is available on the l ocation of mine 

fields.  There are also indications that munitions were dumped outside the official 

dump sites.  However, information on other óformalô sites in the Baltic Marine Area 

has never been verified.  

3.5.2  Fishermen in the Baltic have reported occasiona lly catching munitions in their 

gear, the number of which peaked in 1991.  This implies that the number of 

munitions caught in nets is decreasing, even so 25 ócatchesô were reported in 2003. 

3.5.3  A considerable amount of survey and analysis was carried out for NSP1 and this 

included:  

¶ Pipeline route surveys in 2005, 2006, 2007 and 2008;  

¶ Anchor corridor survey in 2008 and 2009;  

¶ Mine clearance activities carried out by Bactec and the Russian authorities;  

¶ Evaluation of survey results by a number of UXO experts.  

3.5.4  The conclusions of the evaluation were:  

¶ None of the inspected objects ha d been moved by underwater currents nor 

affected by bottom trawling.  

¶ No buried UXOs were found.  

¶ Disposal wa s recommended  for a number of targets . 

¶ Re- routing as a means to avoid munitions i n the Gulf of Finland is not a 

realistic solution.  

¶ Munitions clearance is required for up to 20 objects within the construction 

corridor.  

¶ Up to 300 munitions could be expected within the anchor corridor.  

¶ There is a risk that the sweep of the anchor wires c ould encounter munitions.  

3.5.5  During NSP1 the following munitions were located and removed from the German 

landfall section:  

¶ 4 x 500kg glider bombs (German) / 1 not recovered  

¶ 1 x 7.5 cm grenade (French)  
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¶ 1 x 8.8 cm grenade (German)  

¶ 1 x 15 cm grenade (German)  

¶ 1 x 10.5 cm grenade (German)  

3.5.6  Further clearance operations have been carried out by the combined navies of the 

area and these have been mainly concentrated in Estonian waters.  The most 

recent clearance operation took place in September 2006 and the fleet co mprised 

26 mine clearance measures (MCM) vessels, 4 support ships, 4 drones and mines 

clearance teams from 14 nations.  

Country  Number of 

I dentified 

Munitions  

Types of Munitions  

Finland  31  26 mines, 1 possible mine, 2 possible air 

dropped depth charges, a nd 2 obstructer 

mines  

Sweden  1 (2)  1 mine, 1 corroded bomb (non -explosive)  

Denmark  3 3 chemical munitions  

Germany  0 No munitions finds  

3.5.7  In consultation with the responsible authorities N SP2 is now establishing 

procedures for the safe handling of all obj ects that have to be disposed of before 

construction work can start.   

3.5.8  It is noted in the Helcom report that no munitions found in the Baltic have ever 

been unintentionally detonated nor has there been any accident during the 

handling of munitions found in  the area (reference 3.8).  

3.5.9  Saipem have carried out an assessment of the safety distance between the NSP2 

pipelines and any UXO which could be detected on the seabed (reference 3.6). 

The assessment identifies SLS and ULS which are defined as follows:  

The Se rvice Limit State (SLS) is the distance at which the pipeline wall is not 

damaged as a result of the explosion.  

The Ultimate Limit State (ULS) is the distance at which the pipeline wall faces 

significant plastic strain but wall tearing, or gas release does  not occur as a result 

of the explosion.  

3.5.10  The results are presented for various wall thicknesses and concrete weight coating 

to provide the NSP2 engineering team with relevant guidance. Typical examples 

include:  

UXO Mass (free 

water)  

ULS Safe Distance  SLS Safe Distance  

20 kg  2.0 m  9.0 m  

600 kg  7.0 m  30.0 m  
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3.5.11  Although the probability of accidental disturbance of munitions is considered to be 

low , a N SP1 survey report (reference 3.10 ) states that:   

¶ There is no measurement method available that guarantees a  clear seabed to 

a depth of 2  m below the seabed.  

¶ There is no 100% certainty that all munitions will be located.   

3.5.12  It will therefore be necessary to implement mitigation measures during 

construction activities.  The main precaution will be to ensure vess els are located 

a safe distance (R in figure below) from a potential UXO and typical offset ranges  

are shown in the table below.  It is noted that the maximum size munitions object 

encountered during these surveys so far is estimated to be 320 kg of TNT.   

 

3.5.13  The relationship between charge size, range and damage potential is listed in the 

following table:  

 

200 kg 

TNT 

800 kg 

TNT 

 

Range 

(R)  

Range 

(R)  

Damage potential  

>47m  >94m  
None or very limited risk for damage to damaged 

components  

35 ï 47m  71 ï 94m  
Minor  displacements of plate steel. Damage to lightweight 

components.  

24 ï 35m  47 ï 71m  
Increasing displacement of steel plates. Impact damage 

of heavier components.  

<=24m  <=47m  
Risk for collapse of hull and water intake. Steel thickness 

= 6  mm  

11 ï 24m  22 ï 47m  
High risk for total damage of vessel. Vital components, 

hull collapse, water intake.  

<=11m  <=22m  
Risk for collapse of hull and water intake. Steel thickness 

= 15  mm  
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3.5.14  Ramboll investigated issues related to chemical warfare agents that were dumped 

in the Baltic (reference 3.11) and report s that the risk to personnel is almost 

exclusively related to the possible contact with lumps of viscous mustard gas.  

Crews of fishing vessels could be in danger from mustard gas or chemical warfare 

agents if these it ems were caught in trawls and brought to the surface.  It is also 

noted that pipe lay operations in the Irish Sea, disturbed phosphorous devices 

which subsequently floated to the surface and posed a risk to seafarers and the 

general public.  The general po licy advocated by relevant authorities is to leave 

dumped munitions on the seabed where they pose no risk.  

3.5.15  To evaluate the potential for contamination related to the remains of Chemical 

Warfare Agents (CWA) a number of seabed surveys and soil samples were carried 

out and soil samples were taken in Danish waters.   

3.5.16  These results conclude d that there was an indication of a diffuse low level of 

background contamination as expected given the history of the area.  

3.5.17  The implications of these results were that:  

¶ As the area is extensively trawled it is likely that accumulations of chemicals 

(e.g. mustard gas residue) will have been spread around the seabed.   

¶ There is a risk that anchor wires may become contaminated with chemicals 

when they sweep across the seabed.  

¶ There is a risk that in the event of a temporary pipe laydown the laydown head 

may be contaminated and precautions will be required for recovery.  

¶ There is a risk that  laydown on a curved section of the route may be outside 

the detailed survey corridor.  

¶ The installation contractor must address this risk and have the necessary 

precautions in place.  

3.5.18  The precautions taken in NSP1 included:  

¶ Availability of relevant PPE on the pipelay, trenching and AHT vessels;  

¶ Preparation of chemical control procedures on thes e vessels;  

¶ The use of specialist contractor to monitor and clean plough during trenching 

operations;  

¶ Monitoring of anchors before recovery to AHT decks.  

3.5.19  As a result of these precautions no UXO or chemical incidents were experienced 

during NSP1.  However, in the Finnish sector there were a number of locations 

where the DP taut wire clump weights could not be deployed as they had not been 

covered in the UXO survey.  As a result there was a potential for a reduction in DP 

reference system redundancy; it is un derstood that the NSP2 survey scope will be 

adjusted to mitigate this issue.   

3.5.20  Contact with UXO is still a possibility and t he potential hazards to construction 

vessels are  discussed in section 6.11.  

3.6  Pipe Logistics  

3.6.1  Pipe logistics will be broadly similar to  those developed for NSP1.  
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3.6.2  Pipe transport to the pipe lay vessels will be carried out by pipe carriers and 

general cargo vessels.  Pipes will be stocked in f our  ports, Mukran, Karlshamn, 

Hanko -Koverhar and Kotka.  These are shown in the figure above, see s ection 

2.1.3 . 

3.6.3  Pipes will be loaded onto the vessels at the stock yards and the vessels will take 

approximately 10 hours to reach the pipe lay vessel where the pipe joints will be 

unloaded.  Pipe handling and loading operations from NSP1 are shown below.  

 

 

 

  

3.7  Landfall Preparation  

3.7.1  A micro tunnel installation method is used for the German landfall and the open 

trench method is used for the Russian landfall.    

3.7.2  The micro tunnel method uses specialised equipment to drill and push the pipe 

tunnel from the sh ore out to the landfall approach area. The method has been 

used to successfully install a 48ò pipeline, out to a distance of 1,400m from the 

shore. A general arrangement of the system is shown in the following figure:  
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3.7.3  The onshore work includes the prepa ration of a jacking shaft to allow the 

installation of the tunnel boring machine, pipe jacking equipment and concrete 

pipe sections.  As the tunnel is bored sections of concrete pipe are inserted into 

the pipe string until the tunnel section is complete.  The tunnel boring machine is 

recovered by a support vessel at the micro tunnel entrance in a pre -dredged area.  

The pipe pull - in wire is installed through the tunnel which is then flooded prior to 

the pull in operation.     

3.7.4  The shallow water pipe lay vesse l connects the pull - in wire to  the initiation head 

offshore and starts the lay operation using normal start up pipelay proce dures  

until the initiation head is pulled through to the tunnel .  The vessel then lays away 

along the pre -cut trench.  

3.7.5  On NSP1 e ach p ipeline was laid in a single pre - cut trench running from the end of 

a cofferdam in KP 1220 out to KP 1194.  The trenches were excavated by backhoe 

and trailing hopper dredgers using the box -cut method to minimise the volume of 

material to be dredged.  The excavated soil was transported on barges to a 

dumping ground for temporary storage or permanent disposal depending on soil 

type.  After pipeline installation the trenches were filled up with soil from the 

dumping ground, this was carried out by trailing su ction hopper dredgers or 

barges.  On NSP2  it is understood that a cofferdam will not be used and the 

trenches will be backfilled first with engineered backfill until ótop of pipeô on the 

entire trenched route.    

3.7.6  On NSP2 the shallow water section will be ap proximately 30 km in length with a 

maximum water depth of 18m.  The Pomeranian Bay section will be approximately 

55 km in length with water depths varying from 15m to 30m.  

3.7.7  The preparation of the German landfall site was subject to a number of restrictions 

as it is located in an environmentally sensitive area (Natura 2000 Flora -Fauna 

Habitat FFH).  These restrictions included a limit on the amount of seabed material 

that can be excavated at any one time as well as limits on light and noise.   
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3.7.8  The Russian lan dfall site will be located in Narva Bay as shown below and will 

extend out to KP 13.  It will be based on the open cut method with a coffer dam 

extending to KP 0.30 and a trench extending to KP 3.3.   

3.7.9  From  KP 0.2 to KP 3.3 th e pipelines will be installed in  the nearshore and o nshore 

section by conventional open cut  method and laid in a single trench supported by 

sheet pile walls on either side in the shallowest area from KP -0.1 to KP 0.3 , 

corresponding to approximately 2.0m WD.  The open cut trench will ex tend to KP 

-0.2 where the pulling winch will be located.  The centre line spacing of the 

pipelines will be 6m and the water depth increases gradually to 11.5m  

3.7.10  From KP 3.3 to KP 13 the pipelines will lie on the seabed, un - trenched  and t he 

centreline spacin g of the two pipelines shall be 75m.  The water depth gradually 

increases to 25m through this section.  

3.7.11  It is understood that  the Russian landfall site will be  prepared using conventional 

equipment and methods and will  require the following activities:  

¶ The excavation of a trench from the beach out towards the pull - in location.  

¶ Construction of a cofferdam .  

¶ Installation of pull - in winches and foundations onshore.  

¶ Backfilling of the trenches.  

¶ Removal of coffer dam and site clearance.  

3.7.12  The trenches will be  deep enough to allow the float out of the pipe and constructed 

by earth moving equipment onshore and back -hoe dredgers in the near shore 

area.   

3.7.13  Typically a  high capacity (600 tonne) linear wi nch and associated equipment will 

be set up on the shore and the pull - in cable run out to the lay barge moored 

offshore.  Buoyancy tanks are  also prepared for attachment to the pipe to enable 

it to float out over the shallow section.   

3.7.14  The NSP1 scope of works included a survey vessel, two backhoe dredgers and two 

suction ho pper dredgers.  A team of divers was required to assist trench 

excavation and pull - in activities.  

3.7.15  The Russian landfall for NSP1 is shown in the figure below.  This shows the earth 

dams either side of the trench.  
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3.7.16  In NSP2 the Russian landfall in Narva Bay is in a nationally protected Nature 

Reserve, and a registered Ramsar wetlands site, so the same restrictions 

discussed here for  the German landfall will be applied in R ussia .  It is noted that 

the e nd of nature reserve is at 10m water depth, about 2.5 km o ffshore.  

3.7.17  The scope of work for NSP2 pipelay at  landfall Russia is  pro vided in report 

reference 3.12.  Site preparation includes:  

¶ Preparation of access ways for transportation of equipment and materials.  

¶ Installation of pull - in winches and foundations onsho re.  

¶ Construction of drainage systems.  

¶ Installation of cofferdam.  

¶ Removal of cofferdam and site clearance.  

3.7.18  Following the removal of the cofferdam sheet piles and associated temporary 

equipment, backfilling was carried out to restore the seabed to its origi nal 

condition prior to the construction works.  

3.7.19  Additional rock placement may be required at the coastline transition zone of the 

pipelines to prevent degradation of pipeline cover due to coastal erosion.  

3.8  Shore Pull and Shallow Water Pipe lay  

3.8.1  In Germany a micro tunnel will be used while in Russia a 300m -500m long by 10m 

wide cofferdam will be used. However, the shallow water lay in Germany is 

considerably longer than in Russia and subject to strict environmental constraints. 

In both locations lines A and B will be installed during the same period, to minimise 

the environmental disturbance.  

3.8.2  The shore pulls in Germany and Russia will be carried out from anchored pipe lay 

vessels. In Germany there will be a 1.1 km pull into a micro tunnel for each line 

followe d by approximately 26.5 km lay and laydown in 18m water depth. The pipe 

lay vessels will be moored approximately 1 to 1.5 km from the shoreline depending 

on vessel under keel clearance and pulling cables will be run from the shore along 
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the trench and conn ected to the pipeline pulling head. The shore end of the cable 

is connected to linear winches, which are tensioned up to pull the line ashore. This 

operation will be repeated for both pipelines.  

3.8.3  For NSP1 construction the loads were limited to 500 tonnes a t the German and 

Russian ends through the use of buoyancy modules attached to the pipe. These 

forces were provided by linear winches secured at the shore side of the landfall. 

The pull - in force is likely to be less in Germany due to the pull into the micro  

tunnels.  

3.8.4  Following the shore pull, the pipe lay will be initiated by the inshore pipe lay vessel 

out to a water depth of approximately 18m in Germany and 25m at KP 13 in 

Russia. Tensioner loads for this section, have been analysed and found to vary 

from 40 to 100 tonnes.  

3.8.5  In the Russian landfall , the pipe lay vessel will then lay the pipe out to KP 10 , and 

lay it down and buoy it off for recovery at a later date.  This will then be repeated 

for the second pipeline.  

3.8.6  The pipe lay at the German landfall , wa s complicated by the environmental 

restrictions associated with its FFH status which extends out to KP 1194 .  It is not 

known if these restrictions have changed materially for NSP2 and this information 

is based on the restrictions applied to NSP1.   

3.8.7  Due to  the environmental  restrictions the maximum amount of material that can 

be excavated at any one time is approximately 1.0 million m 3 and as a result the 

shallow water lay will be carried out in ten separate  phases.  There is also a 

requirement to remove th e topsoil before excavation and then backfill it after the 

section of pipe has been laid.  The sequence for each section is:  

¶ Excavate seabed.  

¶ Lay line A and B sequentially.  

¶ Backfill and even out seabed material.  

¶ Backfill and even out seabed topsoil.  

3.8.8  Follow ing completion of the shallow water lay a laydown head will be welded to 

the pipe which is then laid down ready for an above water tie - in or recovery by 

the main pipe lay vessel.   

3.8.9  There will possibly be up to 8 abo ve water tie - ins (AWTI): However, at this  stage 

the details of the AWTIs have not been defined. It is assumed that above water 

tie - ins will be carried out by a shallow water pipe lay vessel.  

3.8.10  The shore pull arrangement is indicated in the figure below  which shows the shore 

mounted linear winch  and control cabin . 
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3.8.11  Anchor handling operations in the German landfall and shallow water pipe lay 

sections is complicated, due to the numerous wrecks that need to be accounted 

for, and will involve:  

¶ The addition of polypropylene ropes to the mooring line se gm ents.  

¶ The movement of mooring wire s over water including the use of mid line buoys.  

¶ The use of live anchors;  

¶ The use of very shallow draft AHT or Multicats.  

3.8.12  The lay rate for shallow water lay is likely to be in the order of 1 km/day depending 

on the vess el capabilities and the limitations described above.  

3.9  Offshore Pipe lay  

3.9.1  Pipe- laying will be performed using a conventional S - lay process where the 

individual line pipes are assembled into a continuous pipe string and lowered to 

the seabed.  The pipeline is exposed to different loads during the installation that 

must be controlled by the installation vessel.  An installation analysis is conducted 

to simulate the conditions during pipe lay to ensure that the load effects are within 

the design strength criteria  of the specific pipe , and the capabilities of the lay 

vessel.  

3.9.2  A typical S - lay system has four main components:  

¶ The stinger which extends the pipe ramp to reduce the length of the over bend.  

The over bend usually starts behind the tensioners and describes  the curve 

under which the pipe string enters the water.  

¶ The tensioners, which reduce the stresses in the over bend and the sag bend.  

The sag bend describes the bending under which the pipe string is laid on the 

seabed.   

¶ The positioning system (anchors o r DP), which controls the vessels position.  

The vessel position must be kept under the specified tension needed to keep 

the sag bend within the bending limitations of the pipe.  The positioning system 

also ensures the pipeline is laid within its approved corridor on the seabed.  
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¶ Abandonment and Recovery (A&R) winch which is used to lay down and 

recover the pipe line at the end of the pipe lay or in the event of adverse 

weather.  To lay down the pipe the A&R wire is connected to the abandonment 

or laydown he ad and the wire lowered as the vessel moves ahead in a series 

of controlled steps. This is continued until the laydown head lands on the 

seabed.  Pipe recovery is achieved by lifting the A&R wire in a reverse of the 

laydown sequence.    

3.9.3  The process on boar d the pipe lay vessel comprises the following general steps, 

which take place in a continuous cycle and are illustrated in the diagram below:  

 

¶ Beveling of pipe  

¶ Welding of pipe.  

¶ Non -destructive examination (NDE) of welds . 

¶ Weld repairs if necessary.  

¶ Field joint coating . 

¶ Laying on seabed.  

3.9.4  The welding of new pipe joints onto the continuous pipe string is performed using 

either a semi -  or fully automated welding process in several stations along a 

compartment known as the firing line.   

3.9.5  Field - joint welds are c hecked using NDE by automatic ultrasonic testing (AUT) 

which is used to locate, measure and record defects.  Welding -defect acceptance 

criteria will be established prior to the start of construction and are subject to 

approval by designated certifying agen cies.  

3.9.6  After welding and NDE, the field joints are protected against corrosion through the 

application of heat shrink sleeves which are made of high density polyethylene.  

The void between adjacent joints is filled with high density polyurethane foam 
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which is injected into a steel former strapped around the joint.  The foam cures 

very quickly and the pipe is moved down the stinger and onto the seabed.  The 

steel former is not removed from the field joint.  

3.9.7  All critical processes on board the lay vessel will b e inspected by the contractorôs 

QA/QC crew and thereafter inspected by representatives of the Certification 

Company and NSP2.  

3.9.8  When the jointing process is complete, the vessel is moved forward a distance 

corresponding to the length of pipe that is being la id, typically one or two pipe 

joints (12.2 or 24.4 m).  Following this move, a new pipe joint(s) is added to the 

pipe string.  Deepwater lay vessels are normally capable of welding double joints, 

prior to sending them to the firing line, whereas shallow -wa ter lay vessels are only 

able to weld a single joint at a time.   

3.9.9  As the lay vessel moves forward the pipe string exits the stinger of the vessel into 

the water.  The stinger extends some 40 ï 100 m behind and below the vessel 

and has the function of contr olling and supporting the pipe configuration.  The pipe 

string running from the stinger to the touchdown location on the seabed is kept 

under tension at all times, thereby avoiding the risk of buckling and damage to 

the pipe.  A lay rate of between 1 and 4  km per day is expected, depending on 

type of lay barge and weather conditions  experienced.  

3.10  Anchor Handling Procedure  

3.10.1  The anchored pipe lay vessels are positioned by a number of anchors and lines 

which are installed in a typical anchor pattern shown in th e figure below . 

 


























































































































































































