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Construction & Logistics
Every Detail Counts in a 
Project of this Magnitude

 W
ith the design and route of the pipelines set, and with 
environmental and construction related permits issued, 
everything was in place to begin building the pipelines. But 
before the first pipes were welded together, a key meeting 
took place out at sea. On April 8, 2010, Matthias Warnig, 
Nord Stream Managing Director and Pietro F. Tali, Deputy 

Chairman and CEO of Saipem S.p.A., left Visby Airport on the Swedish island of 
Gotland by helicopter. Their destination was a point 674 kilometres from the starting 
point of the pipelines near Vyborg, Russia, and about 550 kilometres from the end 
point at Lubmin, Germany – the Castoro Sei laybarge. This vessel was commis-
sioned to perform most of the pipe laying for the two pipelines and was moored in 
Swedish waters at the place where it would begin construction of Line 1 the follow-
ing day. Warnig and Tali toured the Castoro Sei as the final preparations were car-
ried out. They also met with the captain and crew to wish them well on the job they 
would be working on around the clock for the two years to come.

While the moment when the first weld took place on April 9, 2010 was an unre- 
futed milestone, it was also just one of many pieces of the complex construction 
and logistics puzzle, which included, among other things, having pipes manufact- 
ured, concrete coated and in the right place at the right time to keep the construc-
tion machine running seamlessly for 30 months. Offshore, work would not only 
include pipe laying, but also rock (gravel) placement, ploughing, trenching, and 
hyperbaric tie-ins (underwater welding of the pipeline sections). And onshore, both 
landfalls at Lubmin and Vyborg had to be made ready for Line 1 to begin operating 
on schedule in November 2012. “From a technical point of view, the Nord Stream 
Pipelines are very long, with a large diameter, and the lay sequence had to be pre-
cise and adhere to all preconditions and restrictions set in the permits, however 
from my point of view, the technical aspects were not the biggest challenge – it was 
the overall project management,” explained Ruurd Hoekstra, Nord Stream Deputy 
Construction Director. “Execution of a project of this size has to be strictly orches-
trated, and staff had to feel responsible for what they have been assigned to han- 
dle. Once the engine was running, we had to keep it constantly oiled so that we 
could make it to the finishing line on time.” Hoekstra and his team kept this engine 
running by maintaining an overview of all the contractors and subcontractors f 

May 2007 

The tender for the logistics partner of 
the Nord Stream project is launched.

February 2008 

The tender for Nord Stream’s logistics 
partner ends.

May 2008 

EUROPIPE delivers the first steel 
pipes for Line 1 to the logistics hub 
in Mukran.

December 2007 

Site development begins in Mukran, 
where one of the concrete coating 
plants will be located.

August 2007

The contract for the pipe pro- 
duction for Line 1 is awarded.

German-based manufacturer EURO-
PIPE and Russian-based manufac-
turer OMK win the contract.

July 2008

The contract for the logistics  
partner is awarded. 

EUPEC of France wins the contract for 
the concrete coating of the pipes and 
logistics services for both lines.

September 2008 

The construction of the concrete 
coating plant in Kotka begins.

November 2006

Nord Stream experts begin de- 
veloping the logistics concept.

This concept will form the backbone 
of the construction phase, as pipes 
need to be at the right place at the 
right time. The tender for the pipe 
production for Line 1 is launched.

October 2007

The Baltic Sea harbours that will 
serve as logistic hubs are chosen.

Kotka and Hanko, Finland, Slite and 
Karlskrona, Sweden, and Mukran, 
Germany. Each hub is located less 
than 100 nautical miles from the  
pipeline route, thus reducing trans-
port distances.

A reach stacker tra
nsporting a concrete coated pipe

June 2008 

OMK delivers the first steel pipes for 
Line 1 to the site in Kotka.

The construction of the concrete 
coating plant in Mukran begins.
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A ship-to-ship system was utilised in Slite, Sweden, whereby pipes delivered by sea from Mukran, Germany, were transferred directly to a carrier  
vessel situated on the opposite side of the pier. This system was developed because the port on the island of Gotland met few of the criteria for an interim 

storage facility, although the location at the middle of the route was ideal. The port was expanded by Nord Stream for the project.

involved in the project. “Every aspect of construction was coordinated by our teams 
in Zug, and aboard each vessel Nord Stream was represented by a client delegate 
whose task was to oversee all facets of construction on the vessel and to report on 
daily activities,” he explained. When construction was at its peak, three laybarges 
were working simultaneously around the clock for several months – Saipem’s 
Castoro Sei and Castoro Dieci, and the Allseas’ Solitaire. Meanwhile, construction 
surveys, rock (gravel) placement, and landfall construction were ongoing. Over 100 
vessels were deployed during the height of construction at the German landfall. 
“We had several morning calls each day with each of the three pipelay vessels as 
well as with our onshore teams to keep track of all operations and to guarantee that 
every day more than 1,000 people could work safely and meet our tight schedule 
while complying with the highest international safety and quality standards.”

Meeting the deadline was never in doubt 
Despite the tight schedule, Hoekstra never worried about not making the deadline. 
“I never doubted that we would achieve our goal because I wholeheartedly believed 
in our teams and the capabilities of our contractors. However, I am sure that, from 
the external perspective, it could seem like a miracle that it all worked,” he ex-
plained. “I am not saying that everything was easy, not at all. We had our ups and 
downs. For example, in the beginning, our lay rates were not what they should be 
due to the quality of the welds, but we worked that out.” The welding quality accept-
ance criterion that Nord Stream set was even higher than that of common offshore 
international quality standards. This led to many lengthy discussions with the con-
tractors, Nord Stream’s internal quality assurance/quality control department, and 
welding specialists. “Small defects always arise during the welding process,” said 
Hoekstra. “Our discussions were about what is deemed acceptable. Only in March 
2010, just one month before we started construction, did we come to an agreement 
on the permissible defect sizes. Our contractors weren’t sure that we could get the 
productivity we needed with the high standards we set, but we got the quality we 
wanted and a steady lay rate.”

Another issue they faced was the complicated lay sequence, which was designed 
to respect and adhere to all preconditions and restrictions defined in the permits 
from each country. “The Baltic Sea’s environment is sensitive. We worked meticu-
lously to ensure minimal impact throughout construction and, in doing so, I believe 
we established a new industry benchmark,” said Hoestra. “And not just in this 
regard, in quality and safety also. Compared with the European standards in the 
industry, our injury rate was lower than the average. We had no work-related fatali-
ties or permanently disabling injuries within 23.5 million hours worked. Every injury 
is one too many. However, with a mega-project such as ours, we can be pleased. I 
think it is important to remember that Nord Stream was a start-up organisation that 
decided to do a lot of things differently than the big, established companies, and 
based on our track record in getting things done on schedule, while setting new 
standards, it is clear to me that the decisions we made were the right ones.” 

One of the many strategic decisions was to establish dedicated teams responsible 
for the four aspects of construction: one for offshore activities, one each for the 
German and Russian landfalls, and a fourth for logistics. “Without a doubt for an 
offshore pipeline of this scale, it is all about logistics, logistics, logistics. Of course 
you need high-quality welds, but first you need the pipes to be ready, coated, in-
spected, tested, and transshipped to the pipelay vessels,” Hoekstra said. In order 
to keep the pipelay schedule on track, the three vessels that would work on the 
project had to be continuously supplied with pipes, and this is where Nord Stream’s 
logistics programme proved its mettle. 

Logistics, logistics, logistics
Over the course of the project, with all logistics handling operations taken into ac- 
count, a total of 90 million tonnes of steel pipes and coating materials such as 
cement and magnetite would need to be transported. The transportation of such 
a large volume of materials required a special plan and implementation – one f 

 »From the technical point 
of view, the Nord Stream 
Pipelines are very long, with 
a large diameter, and the 
lay sequence had to be 
precise and adhere to all 
preconditions and restric-
tions set in the permits, 
but from my point of view, 
the technical aspects were 
not the biggest challenge 
– it was the overall project 
management. Execution of 
a project of this size has to 
be strictly orchestrated, and 
staff had to feel responsible 
for what they have been 
assigned to handle. Once 
the engine was running, we 
had to keep it constantly 
oiled so that we could 
make it to the finishing line 
on time.«
Ruurd Hoekstra  
Nord Stream Deputy Construction 
Director

February 2009 

The tender for the production of pipes 
for Line 2 is launched.

March 2009 

The first steel pipes are concrete 
coated in the plant in Mukran.

December 2008

The construction of a new quay 
starts at the port of Slite.

The old quay was too small and not 
able to support the weight of the pipes. 

August 2009 

The first steel pipes are concrete 
coated in the plant in Kotka.

The first pipes are transshipped to the 
marshalling yard in Karlskrona.
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tailor-made to meet the requirements of the project. A vital question that needed 
immediate clarification was whether or not the existing ports in the Baltic Sea re-
gion near the planned construction site would have sufficient capacity and size for 
the project. The most common way of handling this is to invite tenders for all the 
required services and to leave it to the providers to offer suitable structures. But it 
was doubtful as to whether tenders would be submitted with the desired focus on 
short, optimised transport routes, along with environmentally sound logistics plan-
ning, explained Dr Werner Rott, Nord Stream Deputy Technical Director. Therefore, 
Nord Stream made a conscious effort to work out its own logistics requirements, 
and its team of experts predefined a customised logistics solution for the entire 
project prior to approaching companies to tender for the job.

The first logistics plan had been developed by the end of 2006. It already contain-
ed many of the definitive features and was approved in January 2007. With further 
refinements, it came to form the backbone of the entire project, explained Dr Rott. 
“The seemingly early start to the development of the environmentally friendly log-
istics programme was necessary not only to assess logistics locations along the 
Baltic Sea coast for technical feasibility, but also to develop infrastructure, and 
choose suppliers for raw materials as well as contractors for handling the transport 
and manufacture of pipes,” he said. “We calculated that, in order for construction 
to continue unimpeded from start to finish, at least two thirds or about 800 kilome-
tres of one line had to be coated and available at various logistics sites around the 
Baltic Sea prior to the start of construction to maintain a round-the-clock schedule. 
Having this amount of pipes ready was a significant element of our demanding 
logistics concept.” 

New coating plants or existing ones?
When the Nord Stream logistics team came together in late 2006, only a few issues 
were clear. The most important of these issues was that construction was sched-
uled to begin in spring 2010 and to finish in autumn 2012. Additionally, the pipe geo-
metry was already confirmed at the start of the project, explained Klaus Schmidt, 
Nord Stream Project Manager Logistics. In total, two pipelines consisting of about 
100,000 pipes apiece would be laid in three sections, each pipe measuring about  
12 metres in length. The worldwide call for tender for the manufacturing of these 
pipes had already been initiated by Nord Stream’s procurement managers in Nov-
ember 2006. (See procurement article on page 99.) The pipe specifications also 
made clear that every pipe would be given three coatings – an inner coating (flow-
coat) consisting of dual component epoxy resin, a three-layer polyethylene outer 
coating to protect against corrosion, and a heavy concrete coating to increase the 
weight of the pipe to ensure its stability on the sea floor. All pipe suppliers are able to 
deliver their product with inner and outer coatings, but not with concrete coatings. 
Therefore, the question of exactly where this concrete coating would be applied was 
a vital issue that the logistics team tackled immediately, Schmidt explained.

With the schedule for construction and pipe specs in place, the team began to 
assess the entire production and supply chain. “We looked not at national borders, 
but at the project as a whole when developing our concept,” he explained. “Con-
struction of a project of this scale requires substantial support from facilities of vari-
ous types, and one of our major priorities was to have these ideally located in order 
to minimise environmental impacts and to lower costs. This is why we decided to 
include the concrete coating of pipes in our supply chain.”

Before the team reached that decision, they looked at whether it would be tech-
nologically and economically feasible within the available timeframe to build new 
plants to handle the concrete coating, or whether existing concrete coating plants 
in Scotland, Norway, or France should be used. “Had we opted to use one of the 
existing plants, the transport distances would have been much longer. Keep in 
mind that, once concrete coated, each pipe has doubled in weight,” said Schmidt. 
“We calculated that transporting the concrete coated pipes from these locations 
would cost 60 million euros – the same as the costs for building two new plants. f

The made-to-measure cage is then placed over the steel pipe, and several workers install peg spacers by hand onto the cage to hold it at an equal  
distance from the pipe. This is important during the application of the concrete to ensure a uniform coating around the pipe. The steel cage  

also reinforces, or strengthens, the concrete coating. 

After the peg spacers are installed, the pipe is moved to the coating application unit, which, in less than five minutes, sprays on the required thickness of 
concrete for that particular pipe. Several quality assurance tests are carried out after coating and before the pipe enters one of the four curing tunnels.

The curing process is designed to rapidly cure the concrete to significantly strengthen it. The pipes emerge from the tunnel after nearly 24 hours.

The steel cages help to reinforce the concrete coating. Steel pipes that have been stored in Mukran, Germany, and Kotka, Finland, are concrete  
coated at facilities at both locations. Before the weight coating process starts, the pipes are de-iced, washed, and dried, then measured in an automated 

process. This process makes it possible to create a made-to-measure steel wire cage to fit each pipe precisely. 

March 26, 2010

The Castoro Sei passes under 
Denmark’s Great Belt Bridge.

Prior to this, the vessel was refur-
bished and upgraded in the Port  
of Rotterdam to make her ready for  
the Nord Stream project.

April 2010

Start of construction of Line 1 of  
Nord Stream Pipeline system.

The first concrete coated pipes are 
delivered to the laybarge Castoro Sei. 
On April 9, the vessel begins offshore 
pipe laying near the island of Gotland, 
675 kilometres from the pipeline’s 
starting point near Vyborg. 

The construction phase is officially 
launched with a symbolic welding of 
two pipeline segments at a ceremony 
held at Portovaya Bay on April 10. It 
is attended by many guests, including 
political and business leaders.

May 15, 2010

Start of construction work in the 
Bay of Greifswald. 

A cofferdam is built 550 metres out at 
sea, and the dredging of the pipeline 
trench begins.

The first steel pipes for Line 2 are 
delivered by EUROPIPE and OMK to 
the logistics hub in Kotka for concrete 
weight coating.

July 2010

The Nord Stream Pipelines reach 
the European mainland.

Line 1 is pulled ashore at the German 
landfall on July 3. Line 2 follows suit 
on July 17.

February 2010 

The first concrete coated pipes  
are transshipped to the marshalling 
yards in Slite and Hanko.

June 2010

The Castoro Dieci begins pipe laying 
in the Bay of Greifswald at the end of 
June. The first concrete coated pipes  
are transshipped to the marshalling 
yards in Slite and Hanko.

August 2009

The contract for the production of 
steel pipes for Line 2 is awarded.

EUROPIPE, OMK, and Sumitomo are 
commissioned to supply the steel 
pipes for Line 2. The contract value is 
some 1 billion euros, of which EURO-
PIPE will be awarded 65 percent, OMK  
25 percent, and Sumitomo 10 percent.
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July 28, 2010

Line 1 is pulled ashore at the  
Russian landfall on July 28. 

100,000 of the pipes needed for the 
Nord Stream Pipelines have so far 
been concrete weight coated, 62,000 
of them in Mukran and 38,000 in 
Kotka. EUROPIPE delivers the first 
pipes for Line 2 to Mukran.

September 2010

The Solitaire begins laying Line 1  
in the Gulf of Finland. 

Before starting its journey to Russian 
waters, the Solitaire was adapted  
to Nord Stream’s requirements in  
Rotterdam, where each piece of 
equipment was thoroughly tested  
in port.

August 2010

Line 2 is pulled ashore at the Russian 
landfall on August 4.

October 2010

The Castoro Dieci completes her 
work on Lines 1 and 2 in Germany  
on October 3.

The world’s heaviest double-gate 
valves arrive in Lubmin mid-month. 
Each weighs 102 tonnes. Two are 
installed at each landfall.

Sumitomo delivers the steel pipes 
for Line 2 to the plant in Mukran for 
concrete coating.

October 20, 2010 

Nord Stream receives the 2010  
German Logistics Award.

We made a very strategic decision to have concrete coating facilities built. While the 
costs were the same, the new sites are much closer to the route, and therefore the 
ecological benefits were significant. And the regions would also benefit economi-
cally with hundreds of jobs.”

The decision was made to build concrete coating plants in Mukran, Germany, and 
Kotka, Finland. The choice was based on the functional design of the logistics pro-
gramme, and it also had a strategic dimension, since the new plants would bring 
investment to those regions, create new jobs, and stimulate economic develop-
ment. The plants were ideally located at opposite ends of the pipeline route, where 
it was possible to ensure rail access. “Making the choice for new concrete coating 
plants with short distances to the route resulted in a saving of 200,000 tonnes of 
CO2 emissions,” explained Ludwig von Müller, Logistics Engineering Consultant for 
Nord Stream. “Imagine, 200,000 tonnes are equivalent to the CO2 emissions of an 
average size lorry driving around the world 25,000 times.”

The northern site location, Kotka, was chosen because it is close to the start of 
the route in Russia, and its existing quays were the right length to accommodate 
pipe carrier vessels. Also of particular importance in the selection of Kotka was the 
well-constructed connection with the Russian rail system, which ensured the direct 
delivery of pipes from production sites in the country. A total of 70,000 pipes would 
be concrete coated at this site. Half of these pipes would go directly to the pipelay 
vessel, with the other half being routed to the pipe storage facility in Hanko. “The 
entire region benefited from this decision,” said Schmidt. “Three hundred new jobs 
were generated for our project at this facility, which was built and run by EUPEC 
Pipecoatings SA.”

In the south, the selection of Mukran as the second site for a concrete coating plant 
was a given, since no other port in the region could offer a comparably sized, unde-
veloped parcel of land. Following German reunification, Mukran as an industrial port 
had faded into obscurity. Its infrastructure and area remained largely unused until 
the Nord Stream project provided the initial spark for expansion. In 2007, Deutsche 
Bahn, the German rail company, was using its tracks for storage, and the service-
able area of 200 hectares sat idle. The selection of Mukran meant a considerable 
investment of approximately 50 million euros for port expansion. In Mukran, a total of 
130,000 pipes would be concrete coated, put into interim storage, and then shipped 
either directly to the pipelay vessel, or to the interim storage sites in Sweden. “North 
of Mecklenburg-West Pomerania, and on the island of Rügen, industrial jobs are 
rare. To the greatest extent possible, the roughly 300 employees working in connec-
tion with the project were recruited from this region,” explained Schmidt. 

Five harbours to store and transship pipes
The selection of the ports began with a study of the port manuals of the Baltic Sea. 
From this evaluation, 68 ports were identified for further consideration. When fur-
ther specific selection criteria were applied, the choices were narrowed down to 
nine ports. In October of 2007, the team made the final decision on the five Baltic 
Sea harbours that would be used to achieve their aim of minimising any impact on 
the environment while, of course, keeping the construction vessels continuously 
supplied with pipes. Dr Rott explained that ensuring the supply of pipes to the con-
struction vessels was the primary consideration when selecting the locations, as 
one day lost in pipe laying would cost the project around 1 million euros. The plan 
was designed so that the nearest pipe storage facility was situated less than 100 
nautical miles from each point along the route. This ensured that all replenishment 
sailings with pipes to the pipelay vessel and back again could be completed within 
24 hours. Special pipe carriers were employed for this. If one of the carriers were 
to break down, the supply chain would still remain stable, as the next carrier would 
arrive just eight hours later.

The three ports in the middle of the route – Hanko, Karlskrona, and Slite – were 
always the most practical choices for pipe storage. Hanko was long a critical f 

The first part of Nord Stream’s supply chain included the direct delivery of pipes from the manufacturer to its concrete coating plants in  
Mukran, Germany, and Kotka, Finland. Transport was handled in an environmentally friendly and efficient manner, with 96 percent of all transport  

by rail and 4 percent by ship. Here, DB Schenker Rail AG delivers pipes to the Mukran facility.
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Marshalling yard, Slite, Sweden
The last pipe transshipment to the 
pipelay vessel Castoro Sei from the 
Swedish port of Slite took place on 
April 18, 2012. About 56,000 pipes 
were shipped to Slite from Mukran, 
Germany, from 2010 through 2012. 
About 6,000 pipes were stored at 
this interim marshalling yard when it 
was at full capacity.

November 17, 2010

Line 1 passes the halfway mark:  
over 600 kilometres of pipe were laid 
in five countries by November 17.

 »We calculated that, in order 
for construction to continue 
unimpeded from start to 
finish, at least two thirds 
or about 800 kilometres of 
one line had to be coated 
and available at various  
logistics sites around the 
Baltic Sea prior to the start 
of construction to maintain 
a round-the-clock schedule. 
Having this amount of pipes 
ready was a significant 
element of our demanding 
logistics concept.«
Dr Werner Rott  
Nord Stream Deputy Project  
Director Engineering
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The Nord Stream project aided the Baltic Sea economy by directly creating hundreds of jobs at the five marshalling yards situated along the route.  
A total of 600 new jobs were generated in Mukran, Germany, and Kotka, Finland, alone. The improvements the company made to each of the five  

harbours remain after the completion of the project, and, therefore, continue to make a lasting contribution to the local economy.

February 2011

The Solitaire completes her work 
on Line 1.

Two of the three sections of Line 1 
are completed. One thousand kilo-
metres of Line 1 have been laid.

May 4, 2011

The last pipe of Line 1 is laid by the 
Castoro Sei laybarge 674 kilometres 
from the Russian landfall.

February 2011

The world’s largest submarine pipe-
line plough, the PL3, arrives in the 
Baltic Sea on the deck of its mother 
ship Far Samson. The subsea plough 
is used to entrench the pipelines in 
Swedish and Danish waters.

April 2011

The last pipes for Line 1 are delivered 
to the laybarge Castoro Sei.

Pressure testing of section 2 of Line 1: 
the pressure testing is carried out 
from April 15–20 on the special vessel 
Far Samson, located at KP 297.

Pressure testing of section 1 of Line 1: 
the Far Samson is positioned at 
KP 297, from where the section is 
flooded from April 22–27.

concern because it was not clear it would have sufficient capacity. However, the 
recession in the car industry caused a sharp drop-off in the port’s utilisation and 
led to it agreeing to project partnership at the end of 2009. Meanwhile, Karlskrona 
got the nod over the other Swedish contender because all the required port facili-
ties, including two jetties and a storage area of 90,000 square metres, were already 
available there. 

Slite, on the Swedish island of Gotland, constituted a special case, as it met prac-
tically none of the selection criteria for an interim storage facility for pipes. The har- 
bour was not deep enough, the pier was too small, and it was unable to support 
enough weight, and there was not enough storage space for the pipes. However, 
Slite was without a doubt the best-situated port right at the middle section of the 
route. Therefore, Nord Stream developed a logistics plan to offset the lack of 
infrastructure at this prime location. “The solution was to be found in adapting the 
automotive industry’s tried and tested just-in-time approach, which, nevertheless, 
had to meet the requirements imposed by the fact that large-diameter pipes – each 
weighing 20 to 30 tonnes – would be handled here,” explained von Müller. 

On this basis, a S2S (ship-to-ship) system was developed, in which the pipes de-
livered by sea from Mukran were transferred directly to a transport ship situated on 
the opposite side of the pier. The pipes were thus transshipped directly across the 
pier. And in order to be able to compensate for interruptions in the supply chain, a 
backup storage area holding up to 6,000 pipes was established off port property. 
So if supply ships from Mukran were to break down, or the pipelay vessel was to 
move faster or slower than planned, this backup storage area served as a buffer to 
stabilise the supply chain. A total of 52,000 pipes, representing 25 percent of the 
total, was to be transported via Slite. In mid-2007, an agreement was reached with 
the municipal authorities in Gotland to expand Slite’s port facility. The agreement 
meant that it would be developed into a second port for Gotland’s ferry and Ro-Ro 
vessel traffic (these are ships with roll on/roll off cargo, such as cars and trucks) 
once the project was completed. This ensured the port’s continued use beyond the 
Nord Stream project.

With the foundations laid, the search for a logistics partner began
The logistics plan developed by Nord Stream served as the basis for the tender 
initiated in mid-2007. The tender for logistics providers included both the logistics 
service package and the concrete coating of the pipes. The first part of the sup-
ply chain included direct delivery of the pipes from the manufacturer to the new 
concrete coating plants by rail or ship. Following a quality control check, the pipes 
were then to be accepted by service suppliers for logistics and concrete coating. 
The logistics provider would be fully responsible from that point for the rest of the 
logistics chain, including all handling operations and transshipment, through to 
delivery of the finished goods. 

Only four companies worldwide were considered capable of offering and providing 
this range of logistics services. “All the providers have their own existing concrete 
coating plants and naturally had an interest in utilising them,” explained von Müller. 
“The tenders submitted were very different. To a limited degree, they took into con-
sideration the ideal concept drafted by Nord Stream, but the majority started from 
the premise that existing concrete coating plants would be used.” This variation in 
the tenders was also reflected in the pricing. All of the quotes based on the logistics 
concept developed by Nord Stream were significantly lower – several hundred mil-
lion euros lower, in fact. In addition, all the quotes were higher than the proposed 
logistics budget and, in some cases, significantly higher.

The contract negotiations were intense, taking about a year from the start of the 
tender process. The security of processing in existing plants, along with the associ-
ated higher price, had to be weighed against a price-optimised tender based on 
the Nord Stream logistics concept. After considering all the risks and opportunities, 
Nord Stream decided on the latter and, in June 2008, awarded a 650 million euro f�

 »Construction of a project of 
this scale requires substan-
tial support from facilities of 
various types, and one of 
our major priorities was to 
have these ideally located 
in order to minimise envi-
ronmental impacts and to 
lower costs. This is why 
we decided to include the 
concrete coating of pipes in 
our supply chain.«
Klaus Schmidt 
Nord Stream Project Manager, 
Logistics
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Hanko, Finland, marshalling yard
About 9,000 pipes were stored 
at the marshalling yard in Hanko. 
About 36,000 pipes passed 
through the site before they were 
transshipped to the laybarge. The 
pipes that were concrete coated in 
Kotka, Finland, are being stacked 
at the marshalling yard at Hanko 
for interim storage before eventual 
delivery to the laybarges.

May 2011

Section 3, the last section of Line 1,  
is pressurised from a temporary  
pump station at the German landfall  
in Lubmin from May 26-30.

The last pipes are coated at the plant 
in Kotka. A total of 76,000 pipes 
were concrete coated in Kotka and 
shipped to one of the laybarges or 
one of the marshalling yards.

June 18, 2011 

Second hyperbaric tie-in completed 
on Line 1.

Sections 2 and 3 are connected  
at kilometre point 675. 

July 2011 

The last pipes are delivered to Hanko. 
In total, 36,000 pipes passed through 
this marshalling yard.

Dewatering of Line 1 is completed on 
July 19.

August 2011

The Solitaire completes construction 
of her portion of the pipelines in the 
Gulf of Finland on August 12. In total, 
she has laid about 57,000 pipes. 

The drying of Line 1, which began on 
July 23, is completed on August 9.

The Golden Weld – the final weld 
connecting the offshore and onshore 
parts of Line 1 – is completed on 
August 19 in Russia and August 25 in 
Germany. Nord Stream is connected 
to OPAL on the same day.

 »Making the choice for  
new concrete coating 
plants with short distances 
to the route resulted in a 
saving of 200,000 tonnes 
of CO 2 emissions. Imagine, 
200,000 tonnes are equiva-
lent to the CO 2 emissions  
of an average size lorry 
driving around the world 
25,000 times.«
Ludwig von Müller 
Logistics Engineering Consultant  
for Nord Stream
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The delivery of concrete coated pipes to the Swedish port of Karlskrona continued despite harsh winter weather conditions. Each  
shipment consists of about 160 pipes that must be transferred from the vessel to the marshalling yard, before eventually being reloaded  

onto a smaller carrier vessel and transshipped to the laybarges. 

February 2012 

The last pipes are delivered to Karls-
krona. In total, 30,000 pipes passed 
through this marshalling yard.

November 2011

The pipe coating in Mukran comes to 
an end. A total of 126,000 pipes were 
concrete coated in Mukran and then 
directly shipped to one of the laybarg-
es or one of the marshalling yards.

October 2011 

The last pipes for Line 2 are delivered 
to Mukran from the EUROPIPE plant  
in Mülheim an der Ruhr, Germany.  
In total, 10,000 steel pipes for the 
Nord Stream project were manufac-
tured in Japan, 140,000 in Germany, 
and another 50,000 in Russia.

November 8, 2011

Line 1 becomes operational.

Political and business leaders gather 
in Lubmin to celebrate the arrival of 
gas in the European grid.

contract to the French firm EUPEC Pipecoatings SA. “Although this took place  
six months behind schedule, Nord Stream had already arranged all the requisite 
planning and preparation work for its harbours and for pipe manufacturing in paral- 
lel to the contract negotiations in a move to offset the lost time,” Schmidt said. 
“This way it was possible to stave off the time pressure stemming from the pro-
longed contract negotiations and to achieve optimal results for the project in every 
respect.” In fact, the first steel pipes were delivered to Mukran ready for concrete 
coating a month before the logistics contract was finalised. 

With its tailor-made logistics plan in place, Nord Stream was able to optimise the 
volume stream of cargo and bulk cargo overall and reduce transport routes by  
50 percent. Investments of more than 100 million euros in the infrastructure of the 
ports involved formed the basis of its green, sustainable logistics concept, with  
96 percent of the pipes transported by rail, 4 percent by ship, and bulk cargos such 
as magnetite, sand, and cement also transported by ship and rail to the new plants. 
Some 25 percent of the finished pipes remained in the storage areas in Mukran 
and Kotka, while 75 percent were transported further by ship to Slite, Karlskrona, 
and Hanko, ready to be delivered to the vessels. In October 2010, Nord Stream’s 
green logistics programme was recognised by the German Logistics Association 
(BVL) as the winner of its annual German Logistics Award. “This was the first time 
a construction project had ever been honoured. I believe the topic of sustainable 
investment in the Baltic region, and our green logistics were the pivotal factors of 
our win,” explained von Müller.

“Our logistics programme enabled us to react flexibly to changing requirements 
when operating with up to three laybarges and even in adverse winter conditions,” 
explained Dr Rott. “From the start, there were only 24 hours out of a total of ap-
proximately 20,000 project hours when pipes could not be delivered to the vessels. 
This happened during the exceptionally cold winter of 2010-2011.” However, thanks 
to the logistics plan, this did not delay pipe laying activities. “We were never held 
up by not having enough pipes. We did experience a tough time in terms of bad 
weather and some down time for the Castoro Sei as a result, but they performed 
on time,” explained Brian McLean, Nord Stream Project Manager, responsible for 
overseeing all of the offshore works of the project, including gravel placement, 
pipelay, ploughing, and hyperbaric tie-ins. 

Preparing the seabed for construction
The logistics plan was in place. But before the Castoro Sei could lay the first pipe, 
preparatory work needed to be carried out on the sea floor in some areas to ensure 
it was sufficiently stable. In February 2010, McLean was overseeing the start of 
gravel placement at kilometre point 675. The course gravel, with a diameter typi-
cally less than 10 centimetres, was used locally to reshape the seabed, thereby 
providing support for the pipelines to ensure their long-term stability. Sourced from 
countries on the Baltic Sea coast, the gravel had to meet certain engineering and 
environmental criteria. The material had to be free of clay, silt, chalk, vegetation, or 
other harmful substances in order for it to blend in over time with the existing inert 
material on the seabed and be re-colonised within a few years. A fall pipe vessel 
brought the gravel to the locations where supports were needed, either to correct 
freespans, to provide additional stability before and after pipelay, or to support the 
points where the three segments of the pipelines were to be welded together. Gra-
vel placement went on constantly for two and a half years, with up to three vessels 
involved at a time. It may not be the first thing people think of when they look at the 
pipelines, said McLean, “but underlying the whole project was the gravel placement 
– without that we would never have succeeded.” In the end, a total of 3.5 million 
tonnes of gravel were placed on the seabed.

Gravel placement was not the only seabed work that was required. In certain spots 
along the route in Swedish and Danish waters, it was necessary to entrench the 
pipelines in order to ensure their stability. This work was carried out by the world’s 
largest pipeline plough, the PL3. This 200-tonne plough arrived in the Baltic on f 

September 6, 2011 

Nord Stream begins to fill Line 1  
with technical gas. 

April 18, 2012 

The last pipes for Line 2 are delivered 
to the laybarge Castoro Sei from the 
marshalling yard in Slite. The last pipe 
of Line 2 – pipe number 99,953 – is 
welded onto the pipeline, which was 
lowered onto the seabed off the 
coast of the island of Gotland by the 
Castoro Sei.
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Battling snow and ice
The winter of 2010-2011 was excep-
tionally harsh, and pipes had to be 
de-iced here at the marshalling yard 
in Hanko, Finland, before they could 
be loaded on the carrier vessels and 
shipped to the laybarges. 

April 2012 

The special vessel Far Samson is 
positioned at kilometre point 297 in 
order to flood and pressure test sec-
tion 2 of Line 2 from April 12–27.

Flooding and pressure testing of  
section 1 of Line 2 takes place from 
kilometre point 297 from April 19–23.

The last pipes are delivered to Slite. 
In total, 55,000 pipes passed through 
this marshalling yard.

Construction begins on the spare 
parts warehouse in Lubmin.

May 2012 

Pressure testing of section 3 of Line 2:  
section 3 is flooded by the Far Samson, 
but pressurised from a temporary 
pump station at the German landfall in 
Lubmin from May 14–19.

 »The main challenge was the 
performance window. We 
couldn’t do anything before 
the ice went away. We had 
just one season to open the 
trench and remove all the 
boulders, lay both pipelines, 
and restore the seabed.«
Marco Casirati 
Nord Stream Project Manager, 
Russian Landfall/Pre-Commissioning
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All pipes were fitted with intelligent end caps for quality assurance during outdoor storage, which lasted up to 30 months before some pipes were  
transshipped to the laybarges. The caps prevented the pipes from getting dirty on the inside and protected the ends from corrosion. They were fitted  

with sensors and chips that provided a tamper warning. This also ensured that each pipe could be tracked at any location at all times. 

June 2012 

Sections 1 and 2 of Line 2 are 
connected via hyperbaric tie-in at 
kilometre point 297 on June 11. 

Sections 2 and 3 are connected at 
kilometre point 674 on June 28. 

400 pipes are already stored in the 
spare parts warehouse. The frame  
of the building is erected around  
the pipes.

the decks of the world’s strongest trenching support vessel, the Far Samson.  
The subsea plough raised the pipeline into its roller boxes using hydraulic grabs 
and was then towed by the Far Samson, creating a trench of pre-determined 
length, depth, and width into which the pipeline was laid as the plough progressed. 
The ploughing for Line 1 was carried out in February and March of 2011, and the 
process was repeated in February and March 2012 for Line 2.

Work at German landfall began before first pipe was laid
To return to the beginning of the construction phase, it was only a short time after 
the Castoro Sei began laying Line 1 that work began in Lubmin on the onshore 
section of the German landfall. Construction of the offshore section in the Bay of 
Greifswald commenced a month later. A 500-metre-long cofferdam had to be built 
out into the Baltic Sea. This was the beginning of a 27-kilometre-long trench. The 
two 48-inch pipelines were to be laid in this single, narrow trench, passing through 
waters as shallow as 1.5 metres, along a route that curved for most of its length. 
And all of this was in the middle of a highly protected conservation area. To accom-
plish this task, a flat-bottom barge, Saipem’s Castoro Dieci, had been converted 
in Singapore for the pipelay job. It began laying Line 1 at the end of June 2010 and 
reached landfall on July 3. Line 2 followed in mid-July, ahead of schedule. The 
pipelines were first floated through the cofferdam, and then pulled ashore on giant 
rollers by a 100-tonne, heavy-duty draw winch until they reached their final position 
250 metres past the shoreline. 

German landfall was in many ways unique and posed some serious challenges.  
Dr Georg Nowack, Nord Stream Project Manager for the German section, oversaw 
both onshore and offshore work. “Normally, dredging work is a significantly smaller 
part of the overall job; however, in this case, it constituted a very large and complex 
portion.” More than one hundred vessels were mobilised for the operation. “During 
bad weather, four local harbours were crammed with our vessels, and we built a 
new one in Mukran with our surplus soil,” said Dr Nowack. Throughout the dredg-
ing work, special attention was paid to reducing the potential environmental impact.  

A complex soil management plan was developed and put in place. Sediment and 
rocks that were dredged out were transported to interim storage and then brought 
back to be used for backfilling the trenches. The aim was to restore the seabed 
above the pipelines as close as possible to its original condition, so that the flora 
and fauna would recover within four years and be indistinguishable from the sur-
rounding seabed. Each part of the seabed that was removed was categorised and 
tracked. The topsoil sand layer alone was divided into six classifications. When it 
came to backfilling, the approach was just as precise. “The Castoro Dieci posi-
tioned the pipelines within centimetres, almost flying over the seabed. Working so 
precisely on offshore projects has never been done before,” said Dr Nowack. “And 
yet, for the most part, it went like clockwork, finishing four days prior to our dead-
line. At the beginning, we had to deal with shipwrecks and hidden munitions on the 
sea floor, but the team did a great job in safely recovering lost time, while meeting 
all the permit requirements. It was a race against the clock, so a multi-disciplinary 
spirit and a willingness to cooperate were essential.” (See soil management plan on 
page 217.)

Meanwhile, the Castoro Sei arrived at the start of the pipelines in Portovaya Bay in 
July, having laid around 230 kilometres of pipeline in Swedish and Finnish waters. 
The first of the two pipelines was pulled ashore on July 28, followed by the second 
on August 4. In the meantime, construction of the onshore part of the pipelines and 
landfall facilities was in progress. Marco Casirati, Nord Stream Project Manager, 
was responsible for the work at Russian landfall. “The main challenge was the per- 
formance window. We couldn’t do anything before the ice went away. We had just 
one season to open the trench and remove all the boulders, lay both pipelines, and 
restore the seabed.” The Russian landfall area is old moraine glacier, and the sea- 
bed is covered in rocks as big as 5 metres in diameter, often buried under the sur-
face. These could not be left in the path of the pipelines – they had to be found f�

June 15, 2012

The Lenders’ Test for Line 1 is 
successfully completed.

The test serves to confirm the safety 
and reliability of the pipeline.

July 2012

The dewatering of Line 2  
is completed.

The logistics structures for the 
construction of the Nord Stream 
Pipelines are demobilised, and any 
remaining pipes are transported to 
the storage warehouse in Lubmin.

 »The Castoro Dieci posi-
tioned the pipelines within 
centimetres, almost flying 
over the seabed. Working 
so precisely on offshore 
projects has never been 
done before. And yet, for 
the most part, it went like 
clockwork, finishing four 
days prior to our deadline.«
Dr Georg Nowack 
Nord Stream Project Manager, 
German Landfall
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Pipe carriers at the ready 
With two jetties and a large  
area for pipe storage, Karlskrona 
harbour in Sweden was an ideal 
logistics location for the project. 
About 14,500 pipes were stored  
and transshipped from this site.



The Solitaire, working day and night, laid 342.5 kilometres of each of the twin pipelines in the Gulf of Finland. The vessel is positioned with  
thrusters rather than anchors, which minimises the risk of coming into contact with any dumped munitions in the region. The vessel has a massive  

22,000-tonne pipe-carrying capacity and has work stations on several levels to enable her to receive and store pipes.

The Troms Pollux carrier vessel leaves Kotka harbour in Finland with concrete coated pipes for the Solitaire. Three pipe carrier vessels were used  
in rotation to deliver the pipes to the vessel. A carrier vessel could complete a round trip within a day as all of the ports for the project were located  

less than 100 nautical miles from the route to reduce transport distances and carbon emissions. 

October 8, 2012

Line 2 officially becomes  
operational.

This is celebrated at Portovaya Bay. 
Public officials and members of the 
consortium attend the event.

September 2012

Technical gas begins to flow in Line 2 
on September 3.

The construction of the spare parts 
and pipe warehouse is completed. It 
holds 450 pipes.

and removed before the pipelines could be pulled ashore. Accomplishing this 
within the given tight schedule was the greatest challenge. Casirati was also 
responsible for the pre-commissioning of the pipelines. Once the pipelines were 
laid, each of the three sections had to be cleaned, tested, and prepared for gas 
transportation. As part of this process, around 1.3 million cubic metres of water 
is pushed through the pipelines using pipeline inspection gauges (PIGs) and then 
disposed of. “You have to guarantee that the water doesn’t corrode the pipeline, 
but you also want the process to have the smallest environmental impact possible, 
especially when disposing of the water, which could only be done at the Russian 
end, where again environmental restrictions were high,” explained Casirati. “Nor-
mally, biocides or other chemical additives are used, but we didn’t do that. We 
studied and developed a way of treating the water, and the result was a process 
that was extremely environmentally friendly. Basically, the discharged water was 
clear water. There were no residual additives.” Casirati believes the use of this 
process set an industry benchmark. 

Setting new industry standards
In fact, the pre-commissioning job was remarkable in more ways than one, Casirati 
explained. This was due in part to the sheer length of the pipelines, but also to 
the pipelines’ special telescope design. Nord Stream had designed the pipelines 
with three different pressure-rated sections and relative pipe wall thicknesses, 
corresponding to the gas pressure drop over the long journey from Russia to Ger-
many. This design meant that each section of the two pipelines had to be flooded, 
cleaned, and tested separately. An offshore-based concept was developed using 
down-lines from a vessel. “The positive effect of the telescope design and the 
offshore concept was that we could do a portion of the job on one section while 
the other two were still being completed. This had a positive impact on the sched-
ule and enabled us to gain a couple of months,” explained Casirati. “This was the 
biggest pre-commissioning job in the world to date, with the biggest requirements 
from an environmental point of view and the most challenging schedule.” 
 
The three sections then had to be welded together underwater prior to the final 
pre-commissioning operations, which included dewatering and drying. The under-
water welding activities were controlled from the Skandi Arctic, a diving support 
and offshore subsea construction vessel. The sections were connected in an 
underwater welding habitat in several automated stages, assisted by divers. (See 
hyperbaric tie-in process graphic on page 200.) Although the extra construction 
steps necessitated by the telescope design added to the overall cost, this was 
“dwarfed” by both the saving in the construction schedule and the overall savings 
in steel, said McLean. “The most important factor in all of this was the planning. 
You’ve got to get your plan right,” he explained. “If you look back at the project 
now, it ran so well that it almost seems as if it was simple. But back in 2008 and 
2009, we were struggling to get permits just to start work. Combined with the 
environmental restrictions we were under, we were left with a lot of work to do in 
a short time. So when we started in 2010, it was absolutely critical that the whole 
year went well, that everything was completed on schedule, and within the stand-
ards set by the permits.”

Key to meeting this demanding schedule was Saipem, whose primary laybarge for 
the project, the Castoro Sei, laid for two years continuously, with just one month 
off for necessary refurbishment. “We pushed all these laybarges to the absolute 
limit, while respecting environmental restrictions and maintaining a high safety 
standard,” explained McLean. “We have to thank Saipem, Allseas, and all the other 
contractors involved in our project for our success,” he said. “We’ve set ourselves 
a very, very high standard. When you look at the numbers – 200,000 joints, each 
weighing 20 to 30 tonnes, the logistics of moving them, the welding, the hyper-
baric tie-ins and the pre-commissioning – this project is a world beater. And the 
industry, my industry, is quite impressed.” •

August 2012

Drying of Line 2 is completed on 
August 20.

The offshore and onshore parts of 
Line 2 are successfully connected in 
Russia and Germany on August 28.

 »We’ve set ourselves a very, 
very high standard. When 
you look at the numbers – 
200,000 joints, each weigh-
ing 20 to 30 tonnes, the 
logistics of moving them, 
the welding, the hyperbaric 
tie-ins and the pre-com-
missioning – this project 
is a world beater. And the 
industry, my industry, is 
quite impressed.«
Brian McLean 
Nord Stream Project Manager,  
Offshore Work

Chapter 5 141Construction & Logistics



143CHAPTER 5 Logistics of the Nord Stream Project

Overseeing pipe delivery 
Pipes were delivered to the lay-
barges around the clock. Here, the 
captain of the Troms Pollux carrier 
vessel keeps a close eye on the 
transshipment of pipes from his 
vessel to the Solitaire. 

Unloading pipes
Pipe carrier vessels transship  
about 80 pipes per trip. Here, 
concrete-coated pipes are loaded 
onto the Solitaire. She has a pipe-
carrying capacity of 22,000 tonnes, 
making her less dependent on off- 
shore pipe supply. The transship-
ments are scheduled to ensure 
there is always a sufficient number 
of pipes on the pipelay vessel. 
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Logistics Explained

 T
he complex Nord Stream logistics concept was first 
developed in 2006, four years prior to the start of con-
struction of the first of the two pipelines in April 2010. 
This seemingly early start was necessary not only to 

assess logistics locations along the Baltic Sea coast for technical 
feasibility, but also to develop infrastructure in some cases and 
choose suppliers for raw materials as well as contractors for 
handling the transport and manufacture of pipes. Five ports less 
than 100 nautical miles from the pipeline route were chosen to 
reduce transport distances, thereby minimising environmental 
impact. Mukran, Germany, and Kotka, Finland, were the logistics 
hubs for concrete weight coating and were also interim marshalling 
yards. The ports of Slite and Karlskrona, Sweden, and Hanko, 
Finland, served as interim marshalling yards. Nearly 200,000 pipes 
were transported from the five sites to build the twin pipelines. 

55,000 pipesKARLSKRONA 3

3

4

30,000 pipes

3 36,000 pipes

MUKRAN

1 2

SLITE
4

5

6

KOTKA

HANKO

4

2

1

Each 12.2 m pipe was coated with concrete, doubling its weight to  
20-30 tonnes. The weight provides stability on the seabed.

Concrete weight coating2

Pipe steel
27-41 mm

Antifriction 
coating

Corrosion
protection

4.2 mm

Concrete weight 
coating
60 -110 mm

Three laybarges were used to build the pipelines

Three vessels built the pipelines, working at different segments along the route. The three segments were connected underwater 
when completed. The Castoro Sei laid the longest portion of the pipelines, working in German, Danish, Swedish, Finnish, and Russian 
waters. The Castoro Dieci built the segment near the German coast, and the Solitaire worked in Finnish and Russian waters. 

100 nautical mile radius

The five ports chosen for the 
Nord Stream project were all 
less than 100 nautical miles 
(185 km) from the route. This 
ensured that carrier vessels 
delivering coated pipes to 
the laybarges were able to 
complete a round trip within 
a day. Minimising transport 
distances helped to reduce 
carbon emissions.

Castoro Dieci

Castoro Sei

Solitaire

A pipeline is a major infrastructure project, and many  
materials were needed at the right place at the right 
time to ensure smooth and timely construction. The 
backbone of the Nord Stream project was a thoroughly 
planned, environmentally friendly logistics concept.

6 Laying the pipelines

Aboard the laybarges, the pipes were welded onto the pipeline, which 
was progressively lowered to its designated place on the seabed.

After the steel pipes were coated in concrete in Mukran and Kotka, they 
were transshipped to interim marshalling yards.

3 Transport to marshalling yards

Pipes and materials delivered

Pipes reached Mukran and Kotka by rail and ship. Cement, magnetite, 
sand, and aggregate were delivered for the concrete coating.

1

5

Carrier vessels continuously delivered pipes to the laybarges to main-
tain a 24-hour construction schedule.

Pipes delivered to laybarges

Concrete-coated pipes were stored at each of the five marshalling 
yards located strategically along the route.

4 Temporary storage
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A close-up view of an internal line-up clamp aboard the Castoro Sei. The clamp lines up two pipe joints for external welding. In total,  
the two completed pipelines consist of 199,755 12-metre concrete-weight-coated steel pipes each weighing about 24 tonnes. Altogether,  

some 138,850 welds were performed on the Castoro Sei for both lines.

At the welding station on board the Castoro Sei, two bevelled, 12-metre pipes are aligned using an internal line-up clamp. Before pipes can be  
welded the ends are bevelled to exactly the right shape to be fitted together precisely. This double-joint segment will then be welded onto  

the main pipeline after its weld has undergone ultrasonic testing to detect any unacceptable flaws.



High quality welds 
The Castoro Sei worked 24/7  
on the project for two years  
with its crew of 330. Her aver- 
age lay rate was significantly  
higher than expected, at about  
2.5 kilometres a day.
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The construction process aboard the vessels is made up of several steps including bevelling, welding, and testing before the pipeline  
is lowered slowly to the sea floor. Nord Stream developed high welding quality acceptance criteria with its quality assurance/quality control  

department, welding specialists, and its contractors. 

The welding systems used on board the pipelay vessels are semi-automated, which means the welder has only a limited capability to  
affect the pre-defined parameters during the welding process. However, they oversee the job. Each weld undergoes non-destructive

testing, visual inspection, and automated ultrasonic testing in order to detect and assess possible defects.



The Castoro Sei at work 
This semi-submersible laybarge 
floats on twin pontoons located 
below the surface of the water. In 
turbulent weather, the pontoons 
can be further submerged by taking 
on ballast water, giving the vessel 
added stability. 



Laying the pipeline  
The pipeline leaves the stinger  
from the bow of the Castoro Sei. 
The stinger provides support to  
the pipeline as it is progressively 
lowered to the seabed in an  
S-curve, which keeps it from  
being damaged during installation. 
During this process, the pipeline 
is held by a number of heavy-duty 
tensioners that keep it in position 
against installation stresses. 



A Fleet of Vessels  
Underway for Nord Stream

Barent Zanen  
A trailing suction hop-
per dredger, the Barent 
Zanen was used in the 
deeper parts of the German 
offshore area, where the 
pipelines were laid in an 
excavated trench. It was 
involved in the dredging and 
backfilling of the trench. 

Coastal Thunder  
The Coastal Thunder was 
used to safeguard traffic  
and to transport passen-
gers to and from the larger 
vessels. Owned by Acta 
Marine, the vessel was 
contracted to work as a 
crew tender in 2010 in the 
Bay of Greifswald.

Far Samson  
The world’s strongest 
trenching support vessel 
and the most powerful 
subsea construction vessel 
ever built handled pipeline 
trenching, concrete mat-
tress installation at cable 
crossing locations, and pre-
commissioning operations. 
For the trenching work, it 
transported and towed the 
PL3, the world’s largest 
pipeline plough. 

Sandpiper  
The 160-metre-long 
Sandpiper is a dynamically 
positioned fall pipe vessel, 
owned by Boskalis. It was 
one of three similar vessels 
used to prepare the seabed 
over the full length of the 
route. Its job was to con-
struct rock beds and berms 
to level the seabed and 
provide on-bottom stability 
for both pipelines.

Allseas’ Solitaire  
The world’s largest pipelay 
vessel (300 metres long) 
uses a fully dynamic posi-
tioning system to precisely 
manoeuvre without the 
use of anchors. It worked 
in the congested Gulf of 
Finland – an area where 
the seabed is littered with 
mines. Working at a rate of 
around 2.4 kilometres per 
day, it laid 342.5 kilometres 
of each of the two pipelines 
between September 2010 
and August 2011.

Castoro Dieci  
Saipem’s flat-bottomed  
laybarge has low draught, 
enabling it to work in the 
shallow waters of the Bay 
of Greifswald. With no 
means of self-propulsion, it 
relies on towing and anchor 
winching for manoeuvring. It 
laid the 28-kilometre shore 
approach of both lines.

A
total fleet of 148 vessels was deployed over the 
course of the project. At any one time during  
the construction period, there was a minimum of 
12 ships at work. They ranged in size and opera-
tional purpose from small personnel transporters 
just a few metres long to 300-metre-long pipelay 

vessels. The three pipelay vessels were manned and equipped to 
work 24 hours a day, 7 days a week. An exclusion zone of up to  
3 kilometres was sustained around the pipelay vessels, and 
constant communication was maintained to ensure safety. There 
were daily conference calls with all the construction vessels; 
stakeholders, such as fishermen, received weekly notifications of 
all planned and ongoing works; and the national maritime authori-
ties were regularly updated. The scale of coordination was evident, 
for example, during the work carried out in the German Bay of 
Greifswald, where a subsea trench was excavated and backfilled 
after both pipelines were laid, restoring it to its original condition. 
At the peak of this complex construction procedure, approximately 
60 vessels were operating simultaneously, including pipelay ves-
sels, pipe carriers, dredgers, transport barges, survey vessels, 
and crew boats. The movements of each vessel were tracked and 
coordinated at every moment. •

Castoro Sei  
This Saipem laybarge work-
ed round the clock from 
April 2010 to April 2012 and 
laid 853.5 kilometres of each 
of the two pipelines. During 
construction, the laybarge 
is positioned by a 12-point 
mooring system and is 
semi-submersible, floating 
on twin pontoons. 

Bugsier 9  
This 33-metre-long tug 
boat was employed to  
ensure traffic security  
during the project. It is 
owned by Bugsier, a 
company that has served 
the offshore oil and gas 
industry for decades.

M/V Supplier 
This 15-metre-long survey-
ing ship owned by Northern 
Offshore Services is suited 
to heavy-duty offshore 
work. It was used for water-
quality monitoring during 
the project. 

Skandi Arctic  
Subsea welding operations 
were remotely controlled 
from this dive support ves- 
sel. At 160 metres long, it  
is equipped with a crane 
that can lift loads of up to 
400 tonnes. The pressur-
ised chambers for the divers 
who assisted in the under-
water welding process were 
housed on her deck.
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The majestic Solitaire 
At 300 metres long (excluding 
stinger) and 40.6 metres wide,  
the Allseas’ Solitaire is the  
length of three football pitches.  
The vessel accommodates a  
crew of 420 people and is  
equipped to lay pipe 24 hours  
a day, 7 days a week.



Saipem’s semi-submersible pipelay vessel, the Castoro Sei, laid the lion’s share of the twin Nord Stream  
Pipelines – 1,707 kilometres of pipes for both lines – in less than two years. Captain Domenico Alferj talks about  

the complex interplay between keeping the work on this floating factory on track, while also ensuring the well-being  
of his crew during every step of the project. 

How long have you been working for 
Saipem, and on the Castoro Sei?
I joined Saipem in 1982 and have been on  
various Saipem vessels. In July 1992,  
I boarded the Castoro Sei, where I worked  
continuously for 20 years until July 2012.  
The captain, along with the crew on the 
bridge, works for four weeks, followed by 
three-weeks rest at home. When I was on 
leave, Captain Angelo Sabatini was on duty.

How would you describe the  
Castoro Sei?
It’s basically a factory working in the mid-
dle of the sea. There’s a naval section that 
handles navigation, logistics, and all types 
of refuelling, and there’s a technical part that 
handles welding. Our crew varies between 
330 to 340 members, representing more 
than 20 nations. Most are permanent crew 
members, so they know each other well.

What is the captain’s job on a vessel 
of this size?
The main task is overseeing the ship’s safety 
and navigation. The captain must ensure that 
all operations are carried out safely. Then 
there’s the technical aspect – managing the 
laying of the subsea pipelines, moving the 
anchors, coordinating with the tug boats. The 

entire project involved an impressive number 
of vessels. There was the Castoro Sei, four 
handling tugs – which take the anchors and 
move them regularly so that we can “launch,” 
as we say in the field, which means laying the 
pipelines on the seabed – five pipe carriers, 
pre- and post-pipelay survey vessels, a sup-
ply vessel. It’s basically an invincible armada. 
But we didn’t end up like the Spanish one!

How does Nord Stream differ from other 
projects on which you have worked?
The Castoro Sei has built pipelines in the 
Mediterranean Sea, the North Sea, the Per- 
sian Gulf, and the Gulf of Mexico. By com-
parison, Nord Stream was a challenge as 
it was a marathon rather than a 400-metre 
sprint. We covered about 1,700 kilometres in 
under two years, which is significant. And we 
did this working every day, even in the winter, 
in what were for us pretty unusual weather 
conditions. We’re used to working in the nor- 
thern seas but not in the winter, at least in 
terms of laying pipelines. It was a lot of work 
because the diameter of the pipe – 48 inches 
– is unusual. Plus, the Baltic Sea is an area 
that hasn’t been used for the offshore gas 
business. This job was, in many ways, one of 
a kind. It was like braving a new frontier, pav-
ing a new road, or opening up a new territory.

What were the main challenges you 
had to face?
Our problem was to avoid getting stuck in  
the ice. The Gulf of Finland freezes almost 
every year, so you need an icebreaker or 
ships that are equipped to travel in the 
ice. Castoro Sei doesn’t have any of those 
features, so we did the north section – 
everything north of the island of Gotland 
– during the summer. The part from Ger-
many to Gotland was done in the winter. The 
operation was scheduled so that we’d get to 
Gotland between April and May, and would 
avoid finding ice where we had to lay the 
pipelines. We didn’t run into any ice on the 
water, but ice did form on the pipes, particu-
larly the first year, when it was colder. This 
caused problems because the pipes hit the 
seabed with two to three centimetres of ice 
around them. But we resolved the problem.

How did you do that?
In the beginning, we set up a pipe-defrosting 
station on board. It used steam, but that 
was a huge waste of time. When ice melts, 
it becomes water, but, under these harsh 
conditions, it turned right back into ice before 
it hit the sea. And the weather wasn’t always 
great. When there was wind, water splashed 
over the vessel and ice immediately formed 

everywhere. The ice could potentially lead to 
some mechanical components not function-
ing properly, and the extra weight affected the 
stability of the Castoro Sei. We were initially 
surprised by this but after a few weeks, we 
managed to solve the problem. We set up a 
station on land that could defrost the pipes 
much more efficiently.

What other solutions did you implement?
First, we put plugs in the pipes to stop ice 
also forming on the inside. Another solu-
tion was to leave the pipe carrier vessel in 
port when bad weather was forecast. If we 
didn’t, the sea spray immediately turned to 
ice so that, in addition to accumulating ice 
on the ground, the pipes would also freeze 
during the crossing. For Line 2, after our 
experience in the first year, the pipe carri-
ers stayed in port when we expected bad 
weather. And in the second year, the entire 
operation was rescheduled. The pipes came 
from Mukran, where they were stored in 
hangars. They were then sent to Bornholm 
for the first phase, and on to Sweden, so we 
could avoid the formation of ice. In fact, we 
rarely had this problem in the second year.

What is most important when orga- 
nising this type of work?
A job of this size requires, first and foremost, 
that the machine is fine-tuned to work very 
efficiently, and the prevention of mechani-
cal breakdowns, shutdowns due to wear 
and tear, or other mechanical problems. The 
extensive preparatory work on the vessel 
meant that we were able to carry out our 
job without any problems. We never had a 
mechanical breakdown. Apart from issues 
related to the weather and sea conditions – 
bad weather, basically – we didn’t have any 
problems. Our average lay rate was more 
than 3 kilometres a day for Line 2, in spite 
of a fair proportion of “standby weather” 
[periods of production shutdown due to 
weather conditions]. That was much higher 
than the first year. The winter of 2011-2012 
was very different. It was colder than the 
previous one and the weather was worse.

What did you do on board when the 
weather was bad?
When the weather was bad, the main job was 
to clean the vessel. No one ever sits around 
on a vessel. It’s hard to have nothing to do. 

How would you describe a typical day 
on the Castoro Sei?
Our typical day started at 7 a.m. Usually, 
there would be a briefing on deck with the 

officers who ran the vessels to discuss the 
situation and schedule the day. Then we 
would check how much work had been done, 
check to see if there were any problems 
with the moorings or with the production of 
the pipes, and to see if any supply vessels 
were expected that day. We had a logistics 
base at Norrköping, so there was a ship that 
did the run between Norrköping and the 
Castoro Sei twice a week with all the materi-
als necessary to keep the ship running.  

At 9 a.m., we would contact Nord Stream 
and discuss issues to do with security as 
well as technical and nautical issues. All of 
the various departments reported on the 
previous 24 hours, and a daily report was 
produced and sent to both Nord Stream and 
Saipem. During the day there were calls with 
the logistics manager in London, the logistics 
manager in Norrköping regarding materials, 
and with the manager in charge of loading 
pipes. Since the organisation on board re-
quired two shifts to ensure 24-hour produc-
tion, we usually waited until the end of a shift, 
which was at 11 p.m., so that the handover 
between the shifts went smoothly. We left 
notes for the night shift and, if nothing else 
happened, we went to bed at midnight, only 
to be back at work at 7 a.m. the next day. 

And the captain?
In theory, the captain should work 12-hour 
shifts, but if something happens, he has to 
get up and go to the deck. There are criti-
cal operations that are very delicate, so the 
captain has to be there – because it’s in 
those situations that his experience and skills 
help others to do their job calmly and without 
creating risky or stressful situations. So a 
captain’s day can last 24 or even 36 hours. 

Have you had 24-hour days as captain?
Here in the Baltic, yes. During the shore ap- 
proach at Portovaya Bay it happened to me. 

Did you experience difficulties there?
Most practical difficulties occurred at the 
start of the line in Russia, in the area of 
Vyborg. Because it’s in a fjord, there’s 
not much water and not a lot of space for 
mooring. Then, during the winter, in the 
stretch between Denmark and Sweden – 
between Bornholm and Gotland – because 
the sea was rough and the weather cold. 

Were some jobs more complex  
than expected?
To lay the second line, we did almost 900 
kilometres parallel to Line 1, which couldn’t 

be damaged in the slightest because it was 
already in operation – meaning, there was  
gas flowing through it.

What types of technological innovations 
did you use on the vessel?
The main innovation was the Saipem Welding 
System, an automatic system that greatly re- 
duces welding times. This enabled faster lay 
rate and also a higher level of quality. The 
percentage of necessary repairs was very 
low. We also experimented with mooring sys- 
tems using large, polyethylene cables, which 
is a high-resistance fibre.

How would you assess the logistics  
for the entire project?
It was a big success for both Nord Stream 
and Saipem. We were certain of the results. 
Frankly, on board, we didn’t have any doubt 
that we would be able to finish everything in 
time. We didn’t do anything except use all 
our knowledge acquired in the last 20 years. 
Nord Stream is proof that, to get good re- 
sults, you need to work well as a group. It 
was like a great orchestra.

What were the main lessons?
The main lesson was that with this type of 
work, every detail must be planned in ad- 
vance. Organising, scheduling, and planning 
every activity is essential to carry out this type 
of project. Otherwise, it’s almost guaranteed 
to fail. It’s one thing to lay 20, 30, or 100 kilo- 
metres of pipe, which you can do in about  
20 to 25 days – at most, a month. It’s another 
to schedule a job that will last two years. 

Another main lesson we learned from this 
project is how best to organise a vessel from 
a logistics and maintenance point of view to 
enable it to work in the middle of the sea 
under extreme weather conditions without 
ever stopping and without any breakdowns. 
Because, if a crane were to break down in the 
middle of the sea, it would mean a significant 
loss of production as it takes days to get the 
parts and the technicians. 

What role did improvisation play on the 
vessel, and how important is it in your 
job to be flexible?
You have to be flexible on a vessel but you 
also need to plan for all types of scenarios 
very carefully. It’s clear, that for a such a com- 
plex machine, the unexpected is always pos- 
sible. But you really need to plan well and 
schedule every single potential eventuality. 
Even the unexpected has to be planned – no 
surprises are allowed. •

A Two-Year Tale: Captaining a Floating  
Factory Across the Baltic Sea 
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The average lay rate for the Nord Stream project was 2.5 kilometres a day, but the Castoro Sei’s average lay rate for Line 2 was about 3 kilometres a day,  
in spite of a fair amount of standby situations due to bad weather. Over 23.5 million working hours were logged in the entirety of the Nord Stream project, 

and no work-related fatalities or disabling injuries occurred.  

A welder takes a break aboard the Castoro Sei. Throughout the project, about 330 to 340 people worked on the laybarge. Days are long on the vessel,  
with everyone, from welders, to engineers, to cooking staff, working 12-hour shifts every day. In theory, a captain’s day is also 12 hours long. However, if 

situations become critical, for example, in bad weather, his day can span 24 to 36 hours. (See interview with the Castoro Sei captain on page 162.)

Each morning at 9 a.m., the captain of the Castoro Sei would contact Nord Stream with regard to technical and nautical issues. All of the various depart-
ments reported on the previous 24 hours, and a daily report was produced and sent to both Nord Stream and Saipem. During the day, there were calls with 

the logistics manager in London, the logistics manager in Norrköping regarding materials, and with the manager in charge of loading pipes.



And so it begins
On March 26, 2010 at 5:30 a.m., 
the Castoro Sei passed under 
Denmark’s Great Belt Bridge – the 
gateway to the Baltic Sea. The  
Baltic Sea had never welcomed 
such a large pipelay vessel before, 
but it would be home to this one for 
about two years. 



Working in German waters 
Saipem’s Castoro Dieci, a laybarge 
with less draught, was used in the 
shallow waters in and outside the 
Bay of Greifswald (Greifswalder 
Bodden), an area inaccessible to 
large pipelay vessels.



Lowering the last pipe  
The last segment of Line 2 is  
lowered onto the sea floor.  
The yellow pipeline inspection 
gauge (PIG) launcher is attached to  
the end of the pipeline segment. 
These launchers house the PIGs 
that will clean, and gauge the  
sections prior to pressure testing.

Attaching the launcher
Aboard the Castoro Sei, a cable  
is attached to the end of a pipeline 
inspection gauge (PIG) launcher, 
which is welded to the end of the 
last segment of Line 2. The pipeline 
was lowered onto the seabed in the 
early hours of April 18, 2012. 
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Pipeline Construction Explained

N
ord Stream commissioned Saipem S.p.A., a leading 
Italian offshore project company, to construct the twin 
pipelines. About  70 percent of each of the pipelines 
was laid by Saipem’s Castoro Sei, a moored pipelay 

vessel (depicted in this graphic). The Allseas’ Solitaire, a pipelay 
vessel that can position itself without the use of anchors, was 
used in the Gulf of Finland, an area known for dense ship traffic 
and historic sea mines. Saipem’s anchored, flat-bottomed 
Castoro Dieci worked in the shallow waters near the German 
coast in the Bay of Greifswald. Each vessel acted as a floating 
factory where, around the clock, pipes were received from 
carrier vessels, welded together, and then laid at an average 
pace of about 2.5 kilometres a day. The construction on Line 1 
startedin April 2010 and was completed in May 2011; Line 2 was 
laid between May 2011 and April 2012. Once completed, the 
pipeline segments were then flooded and pressure tested, welded 
together underwater, and subjected to rigorous tests before the 
gas transportation could begin. 

In April 2012, Nord Stream lowered the final pipe for  
the second of its two pipelines to the seabed. Con-
struction had started in April 2010. The pipelines were 
built by three floating factories, or laybarges. Most of 
the job was handled by the Castoro Sei.

S-curve
As the pipeline is lowered 
to the seabed, it forms an 
“S” shape, which prevents 
it from being damaged  
during installation.

Pipe carrier vessel 
Pipes weighing about 22 tonnes each were 
shipped to the laybarge from five marshalling 
yards strategically located along the route.

Stinger
The stinger provides support to 
the pipeline as it is progressively 
lowered to its designated place 
on the seabed. 

Post-pipelaying survey
As it touches down on the seabed, 
the pipeline is monitored to ensure 
that it is correctly positioned.

ROV 
A remotely operated vehicle 
(ROV) equipped with sensors 
and instruments including 
cameras transmits information 
from the seabed directly to 
the survey vessel.

Pre-pipelaying survey
Though the seabed was surveyed 
during the route planning phase, a 
pre-pipelaying survey performed before 
pipeline installation confirmed past data 
and ensured pipelay safety.

Pontoons
The Castoro Sei floats on twin 
pontoons located below the 
water surface. The pontoons can 
be submerged by adding ballast 
water, making the vessel more 
stable in turbulent seas.

Helipad
Personnel are transferred to and 
from the vessel via helicopter, 
which lands on the helipad at the 
stern of the Castoro Sei.

Rock placement
The strategic place-
ment of coarse gravel 
was necessary in some 
locations along the 
route to create a stable 
base on which the 
pipes could rest.

Anchor pattern
 

During construction, the Castoro Sei was positioned 
by means of a 12-point mooring system. This system 
enables it to maintain accurate positioning. Each of 
the 12 mooring lines, or anchor lines, are controlled 
by a tension winch weighing 124 tonnes. The vessel 
also features thrusters to ensure that positioning is 
as precise as possible.

Construction schedule for the pipelines

From April 2010 to May 2012, various vessels worked 24 hours a day, seven  
days a week to keep up with the ambitious construction schedule. It took many 
environmental factors into account. For example, installation did not take place 
during seal breeding and fish spawning seasons. 

Castoro Sei laybarge

Saipem’s semi-submersible Castoro Sei pipelay vessel 
has an extensive track record of installing complex 
pipeline systems in deep and shallow waters. It laid  
70 percent of each of the pipelines.

· Vessel size: 143 metres long, 70.5 metres wide 
· Operating draught (typically): 14 metres 
· Nord Stream Pipeline lay rate: circa 2.5 kilometres daily

 The double joint is moved to the non-destructive  
testing station where every millimetre of the weld under-
goes ultrasonic testing to detect any unacceptable flaws.  
If required, the defect will be repaired and the weld re- 
scanned to meet international quality standards.

Following non-destructive testing, the double joint  
is moved in a pipe elevator to the central assembly line,  
or “firing line.” There, the insides are checked for debris. 
The ends of the double joint are then pre-heated in pre-
paration for welding onto the main pipe string.

The prepared double joints are now joined to the end 
of the pipeline in a semi-automatic welding process. 
Qualified welders oversee each of the steps to ensure  
that welding procedures meet Nord Stream’s and authori-
ty-approved quality standards.

The double-joint weld on the main pipeline also under-
goes ultrasonic testing at another non-destructive testing 
station. Any unacceptable flaws will be repaired and the 
weld will be rescanned so that it meets international qual-
ity standards. 

Once the weld is deemed acceptable, a corrosion-resist-
ant, heat-shrink sleeve is applied around its entire circum-
ference. Then polyurethane foam is poured into a mould 
surrounding the weld area. This foam hardens, providing 
further protection.

Pipelaying process
 

ROV

The pipes are unloaded from the pipe carrier vessels 
and stacked on the storage areas on each side of the  
laybarge. Pipes are delivered regularly to ensure that there 
are always enough supplies on board to maintain the  
24-hour construction schedule.

1

5

To prepare the pipes for welding, the ends are bev-
elled to make them exactly the right shape to be fitted 
together. The inside of the pipe is then cleaned using 
compressed air before it is conveyed to the double-joint 
welding station. 

2

6

At the double-joint welding station, two bevelled, 
12-metre pipe joints are aligned and welded together to 
create a double-joint segment measuring 24 metres. The 
double-joint sections will later be connected to the main 
pipe string.
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Crane
The main deck of the vessel 
features two cranes that fully 
revolve and travel on rails. Each 
can lift up to 200 pipes a day 
onto the barge.
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 T
he Nord Stream Pipelines, laid in three sections, were welded 
together at depths of 80 to 110 metres with divers overseeing the 
process. Einar Flaa, was one of the technical divers involved in the 
high-tech mission. It is a strenuous job, requiring nerves of steel and 
a high degree of technical savvy. Worldwide, there are only about  
30 technical divers specially trained for it. All of them were on stand-

by for the welding work on the Nord Stream Pipelines. Though the welding process 
was largely automated and steered from the dive support vessel, Skandi Arctic, 
it was impossible without the aid of qualified divers. “Everything is run from up on 
the ship, but we’re their hands,” explained Flaa.

In 2006, Flaa joined Technip, the project management engineering company sup-
porting Nord Stream on the underwater welding work of its pipelines. The Norwe-
gian began working on the offshore construction and repair of oil and gas pipelines 
in the late 1990s, but his interest in diving began long before. “It all started when I 
was a kid. I saw this scuba diver coming out of the water, and I think the knife on 
his leg caught my eye. I remember thinking that was so cool,” he said. “I found out 
that you can actually make a living as a diver.” Before becoming a technical diver, 
he spent years cleaning the bottom of boats in marinas, then went diving for shells, 
and, when he was old enough to get his commerical licence, he moved to Norway. 
“It’s been a long journey,” explained Flaa.

Pipeline tie-ins are coordinated and largely carried out remotely. The cutting, weld-
ing, and bevelling of pipeline segments, the installation of plugs to separate the dry 
and wet areas of welding, the lifting and shifting of pipeline ends to match them 
up for the weld – it is all the job of sophisticated precision machin-ery, operated 
by engineers on board the support vessel. But these mighty robots still need help. 
“Ultimately, you just can’t replace human hands,” Flaa said. “A remotely operated 
vehicle can’t unscrew a shackle as quickly or easily as a human can.”

Following a survey of the pipeline segments by remotely operated vehicle (ROV), 
equipment needed for welding was lowered to the sea floor from the Skandi Arctic 
dive support vessel. Before the welding on the seabed could begin, there was lot of 
preparation required on the part of the divers. They installed the equipment on f 

An Aquanaut’s Story: 
Working Under Pressure

The Skandi Arctic dive support vessel transports and operates all of the equipment necessary to move, lift, cut, and weld  
the pipeline sections together underwater. All equipment used for hyperbaric tie-in is thoroughly tested here in the safety of the  

Haugesund port in Norway before the vessel deploys. The crane at the stern of the vessel can load up to 400 tonnes.

 »In the welding habitat, you have to line 
up the pipes so that they are completely 
flush, and it can be time-consuming. The 
specs are down to the millimetre. We’ve 
spent maybe six hours trying to line up a 
pipe and make it perfect, as it’s essential 
to the final product.«
Einar Flaa  
Technical Diver
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The life support technicians on the Skandi Arctic monitor  
the divers in the pressurised chambers on board the 
vessel. The 24-man dive system is a living space for  
the divers who will work on the welding. The dive system  
is hermetically sealed, and a ravel of cables, pumps,  
and valves ensures that it is constantly pressurised to 
the same level the divers face on the sea floor.

Technical diver Einar Flaa enters the diving bell from the 
diving system he lives in while carrying out hyperbaric 
tie-in work. Three divers are lowered to the sea floor in 
this bell, where they work an eight-hour shift. The weld-
ing work for the Nord Stream Pipelines was carried out 
in two sections at depths of 80 and 110 metres.

The welding habitat supplied by Statoil PRS is a dry- 
zone where divers can work without diving equipment  
to set up the automatic welding machine. The welding  
is completely controlled from the dive support vessel.  
The habitat is 7.4 metres wide and 5.5 metres tall.

the sea floor, and monitored and aided the procedures while the pipeline sections 
were cut, bevelled, and welded by intelligent machinery. “All of the equipment 
comes in bits and pieces, and we had to unpack it and mount it,” said Flaa. The 
divers also set up the welding habitat, a dry zone where the automated welding 
process took place. Three at a time, the divers would enter the bell that lowered 
them from the Skandi Arctic to the sea floor. Experience is a big bonus when work- 
ing in the murky depths of between 80 to 110 metres. “To get our bearings on the 
seabed, the lights from the diving bell help by shining toward where we should 
dive,” said Flaa. “It’s usually so dark down there you practically have to feel your 
way around.” 

After setting up the equipment necessary to do their jobs, the divers prepared to 
complete their first task – cutting the pipeline segments. To do that, they placed  
a diamond wire cutter at the end of each overlapping segment of pipeline. Each cut 
through the high-tensile steel took about one and a half hours to complete. Once 
cut, the divers inserted welding plugs into the ends of segments and inflated them 
to create a perfect seal. The divers then attached bevelling machines to smooth the 
cut ends.

Enormous pipe-handling frames (PHFs), about 8 metres high and 7 metres wide, 
were used to lift and shift the pipeline segments, lining them up so the welding 
habitat could be lowered over them. Compressed diving gas was used to push 
water out of the welding habitat once it was in place, so that the divers could 
work without diving equipment to set up an automatic welding machine. First, the 
bevelled ends of the pipeline segments were measured to ensure they met exact 
specifications, then, further manoeuvring work took place. 

“In the welding habitat, you have to line up the pipes so that they are completely 
flush, and it can be time-consuming,” Flaa explained. “The specs are down to 
the millimetre. There are grips to help keep it steady, to change the angle, and to 
leverage the pipe. We’ve spent maybe six hours trying to line up a pipe and make it 
perfect, as it’s essential to the final product.” 

The PHFs, which can hold up to 150 tonnes of weight, kept the pipeline steady. 
Grips were used to adjust the angle and height by a hair. This was physically and 
mentally exhausting work that took hours to get perfectly right. Only then could the 
welding process begin. For about 24 hours, a 25-kilogram welding head rotated 
around the fitted pipeline ends – the entire process was controlled remotely from 
aboard the Skandi Arctic. The completed weld was inspected using ultrasound, and 
when the weld was perfect, the welding station was lifted back onto the vessel. “The 
coolest thing is when the engineers say, ‘It’s a good weld, wrap it up’,” said Flaa.

When they were not on the sea floor, the divers lived in hermetically sealed quarters 
pressurised to match the pressure of the depths at which they worked. This was 
necessary in order to avoid the need for long waiting times during ascent and 
descent to their working environment. At depth, the water pressure is so great that 
a fast ascent would cause “the bends,” or decompression sickness, where gas 
bubbles form in the blood. Whether it is on the seabed, in the diving bell, or in the 
cabins of the living quarters, the pressure has to be the same everywhere. Before 
heading for the bottom, divers spend up to five days in the chamber to let their 
bodies adjust. The pressure changes so gradually, they cannot feel it. 

The pressurised quarters in which they lived, ate, and slept during their three-week 
deployment was housed on the Skandi Arctic dive support vessel. These modern 
accommodations consist of six chambers, offering enough room for 24 divers, 
though just 12 divers lived in this saturated environment during the Nord Stream 
welding work. The chambers are linked by a series of hatches and tunnels. Each 
sleeping compartment is 5 metres long and 3 metres wide – not much bigger than 
a holiday caravan. “Compared to other vessels, this is the Rolls Royce of diving  
systems,” explained Flaa. 

The divers breathe a mixture of oxygen and helium during their time in saturation.
The deeper the dive they make, the higher the dose of helium, and the higher their 
voices become. When speaking with the supervisors on the vessel, the divers use 
a sort of voice equaliser called a scrambler. “You get used to what’s being said,” 
Flaa explained. In the interest of the divers’ safety, every section of their living 
environment is monitored by video cameras watched day and night by life support 
technicians (LSTs) on the Skandi Arctic. The divers get used to privacy being non-
existent. “I don’t even think about it anymore,” said Flaa. Big Brother even follows 
you into the bathroom, although everyone is permitted to tape over the lens – the 
sole exception to the rule. 

Each six- to eight-hour shift began with a gentle nudge, when the divers were wok-
en up by the LSTs. “They wake you up nice and easy and serve you breakfast, then 
you’re shown the day’s plans,” said Flaa. Following that, the final checks began of 
the diving bell that took the divers from the chamber to their subsea work area. 
Down to the last valve, everything was checked three or four times, and everything 
had at least two emergency backups – for power, hot water for the diving suits, and 
the breathing gas in the divers’ reserve canisters. 

Working in three-man teams, the divers entered the bell and began their descent. 
Anyone who felt hemmed in by the tight divers’ quarters would surely have balked 
at the snug helmets, the close confines of the diving bell, and the poor visibility 
outside. Fortunately, Flaa does not suffer from claustrophobia. “I never get a feeling 
of panic, but sometimes I get the feeling I’d rather be someplace else,” he said. “It’s 
really like a day at the office.” 

Staying warm at depth is another concern of the divers. The helium absorbs heat, 
meaning the thermostat has to be raised to keep the divers warm. The divers’ high-
tech suits were supplied with hot water through small tubes while they worked. Flaa 
calls it a “one-man sauna.” The temperature can be adjusted by his colleagues on 
the ship to within half a degree. Keeping the right temperature is important. “Once 
you start to sweat, obviously you can’t wipe your brow because you’ve got your 
suit on, so it just pours down your face and into your eyes, and you can’t do much 
about it,” he said. If necessary, he can open the dump valve on his suit, letting the 
hot water rush out and cooler water flow in. Even so, there is a limit to how comfort-
able you can get working at such depths. “Many people have the illusion that the 
divers are weightless because it’s underwater,” explained Flaa. “Actually, the suits 
are quite heavy, and the water offers resistance to everything we do.” Once on the 
sea floor, the divers half walk, half swim while performing their duties. 

The most challenging part of the job for Flaa is dealing with the boredom of de- 
compression, which lasts up to six days. “When you’re diving the time always seem 
to go fast. But when you go into decompression, that’s when the days seem to get 
longer because you’re in there wasting time. The last two days are definitely the 
worst,” he said. “You get over-relaxed. It gets to the point where it almost hurts to 
lie down.” Most divers pass the time surfing the Internet, listening to music, reading 
books, and watching television. There are dumbbells and a small running machine 
for them to use, but the divers are supposed to relax. “That’s when my mind starts 
to go home,” said Flaa. “I look forward intensely to seeing my kids and to going 
deer hunting in the mountains. Being locked down makes you appreciate life more.” 

All the same, Flaa said he cannot imagine doing any other job. “The best part of the 
job is the feeling of accomplishment from doing a job well. It takes technical exper-
tise, especially the job we’re doing now in Statoil’s Pipeline Repair System (PRS). 
We’re trained for this job, and it’s technical. What we’re doing here with hyperbaric 
welding is probably the most challenging and interesting work I’ve done,” explain-
ed Flaa. However, the sense of accomplishment brought about by finishing a task 
as difficult as this one is not the only thing that keeps Flaa in the technical diving 
business. “I think there’s something that binds all saturation divers. It’s the rush  
of adrenaline.” •
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The diving habitat
The divers on the Skandi Arctic live 
in a special accommodation that 
has been pressurised to match the 
pressure on the seabed where they 
will work. Between deployments to 
the sea floor, they rest in their quar-
ters, which resemble a small space 
station on the vessel.

Diving bell
A three-man diving bell brings the 
divers from the pressurised diving 
system where they live to their 
subsea work area. Divers work an 
8-hour shift, then return to the div-
ing system to rest. Here, the diving 
bell aboard the Skandi Arctic is be-
ing maintained and inspected prior 
to the welding mission.
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Pressure Testing Explained

E
ach of the three sections of the pipelines was designed 
for a different operating pressure. These sections were 
connected underwater only after being subjected to 
rigorous testing. The pressure testing was carried out 

to confirm the integrity and safety of the pipelines. The sections 
were filled with water and pressurised beyond the planned 
maximum operating pressure of the pipelines for a minimum of 
24 hours. The flooding of the pipeline sections and the pressure 
testing were controlled from the Far Samson, a construction 
support vessel. The ship pumped water from the Baltic Sea 
into its onboard filtering system to remove bacteria, sediments, 
and any suspended solids before this water was pumped into 
the pipeline segments for pressurisation. The entire process 
for all three sections took about two months. Pressure testing 
of Line 1 took place in April and May 2011; testing of Line 2 
was performed in April and May 2012. After the successful 
completion of the pressure tests, the three sections were 
connected underwater. Then the water was completely remov-
ed from the pipeline using a PIG train, and the pipeline was 
dried before gas was introduced for the first time. 

Each of the two Nord Stream Pipelines was built in 
three sections. Once the sections were completed 
they were subjected to test pressure higher than the 
eventual gas pressure for at least 24 hours. The test 
confirmed the mechanical integrity of the pipelines, 
and ensured that they can be operated safely. 

Flooding, cleaning, and gauging PIG

The PIGs, or pipeline inspection gauges, travelled through 
the pipeline checking its roundness and dimensions. This 
was done with thin aluminium gauge plates. If the plates re-
mained undamaged, the pipeline’s integrity was confirmed. 
The PIGs also cleaned the pipeline along the way.

Aluminium gauge plate

2.15 m

Step 1: Flooding section two
Pressure testing of the pipeline started 
at KP 675.  Filtered seawater was pump-
ed into section two of the pipeline. The 
pipeline inspection gauges (PIGs) were 
launched and travelled to KP 297 at a  
minimum speed of half a metre a second. 
The PIGs ensured that section two was 
completely flooded.

Step 2: Flooding section one
After section two had been flooded,  
cleaned, and gauged, the ship moved  
to KP 297, where the process of PIG 
launching and flooding of section one took 
place. At the same time, the vessel pres-
surised section two. The test pressure 
was higher than the operating pressure.

Step 4: Pressurising section three
Once sections one and two had been 
tested, the Far Samson moved to KP 675 
to flood, clean, and gauge section three. 
Pressurisation and monitoring of this 
section was performed from the German 
landfall. Meanwhile, sections one and two 
were connected underwater.

Step 3: Pressurising section one
Monitoring of the pressurisation took place 
from the Russian landfall. The section had 
to withstand the test pressure for at least 
24 hours to prove that the pipeline could 
withstand its eventual operational pres-
sure. The vessel stayed at KP 297 for two 
weeks to complete this task.

Step 5: Dewatering and drying
After all three sections of the pipelines had 
been tested and welded together under- 
water, a train of dewatering PIGs removed 
the water from the pipeline prior to drying. 

Low-pressure hose docking 
stations for flooding

Water pipes  
leading to the PIGs

High-pressure hose docking 
stations for pressure testing

310,000 m !
filtered oxygen-free 
seawater

200 m !
untreated 
seawater

200 m !
untreated 
seawater

200 m !
untreated 
seawater

Flooding train: PIG 3PIG 4 PIG 2 PIG 1

Pressure testing at kilometre points 
297 and 675

The ends of the two sections of each pipeline 
meet on the seabed 297 kilometres from the 
start of the route in Russia. The first section, 
from kilometre point (KP) 0 to KP 297, is de-
signed for an operational pressure of up to  
220 bar. The second section, from KP 297 to 
KP 675, is designed for an operational pres-
sure of 200 bar. Therefore, the two segments 
were tested separately at rates higher than 
their maximum operating pressure. The same 
testing procedure was applied to section three, 
which was then connected at KP 675.

The PIG launcher

The PIG launchers are specialised heads attached to the 
start of the three sections of the pipeline. They house the 
PIGs that clean, gauge, and flood the sections prior to pres-
surisation. The water introduced to the sections was filtered 
and deoxygenated. It was also treated with ultraviolet light to 
eliminate bacteria.

Flooding and Pressurising

Before pressure testing could take place, the pipeline  
sections needed to be filled with water. The PIGs in the train 
ensured that the section was completely filled with water 
and that there were no pockets of air. The next step was to 
pressurise the water using pumps on the Far Samson.

PIG 4
PIG 3

PIG 2 Untreated 
seawater

PIG 1 being 
launched

Tether management 
system (TMS)

Weights

25 m

Far Samson

Suction pumps

Hoses that fill the 
pipeline with water

PIG receiver for 
pipeline section two

PIG launcher 
for pipeline 
section one

Remotely operated 
vehicle (ROV)

Flooding, pressure testing,  
dewatering and drying

Flooding Pressure
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Building a cofferdam  
At the German landfall, the  
Nord Stream Pipelines were  
laid into an trench at a depth of  
less than 15 metres. A cofferdam 
was installed to minimise the 
amount of dredging and hence  
the impact on the coastline. 
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The pipeline, supported by large rollers, was pulled to its final position around 250 metres beyond the shoreline onto European mainland  
in Lubmin, Germany, on July 3, 2010. The second line would follow on July 17. The shore pulls of both pipelines at Russian landfall  

took place the following month using the same method.

Dredging work in the shallow waters of the Bay of Greifswald was laborious and technical, due to the challenges involved in strictly adhering to  
environmental requirements. The trenches that were dug to bury the pipelines had to be refilled in reverse order to restore the seabed to its 

original condition. Thousands of tonnes of soil were handled and successfully managed.



Shore pull at German landfall
The two pipelines that were
pulled ashore in July 2010 were 
each about 1 kilometre long  
and weighed 2,000 tonnes.  
They were individually pulled  
ashore with the aid of a 100-tonne 
heavy-duty draw winch mounted 
on land. The Castoro Dieci is  
visible in the background.
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A welder is preparing the end of Line 1 for the final, or golden, weld. The last welding seam connecting Line 1 with the OPAL pipeline was completed on the 
grounds of the natural gas transfer station in Lubmin, Germany, in August 2011. Line 1 had already been pressure tested, drained, and dried. Afterward, the 

pipeline was completely filled with nitrogen, which serves as a safety buffer between air and gas. In November 2011, Line 1 was fully operational.

The shutdown valves were installed in Germany and Russia at both ends of the twin pipelines. They are employed for safety and can interrupt the flow of 
gas in or out of the pipelines. Special double-gate valves that separate the gas in the pipeline from the pipeline inspection gauge traps, when they are not in 

operation, were also designed for the project. They are 10 metres tall and weigh 102 tonnes, making them the largest ever produced.

The 4.5 metre tall shutdown valves needed for both landfall facilities were engineered and manufactured by Italy’s Petrolvalves S.r.L. The company manu-
factured all of the valves for the landfalls. Their journey started near Milano, in Castellanza, where the valves were made, then went east toward Venice and 

north through Austria and Germany. Lorries specialised for heavy loads were used for the transport, which took about a week with a police escort. 



Landfall construction site 
The development and construc-
tion of the German landfall facility 
was completed in August 2011. 
The Lubmin facility consists of two 
complexes: Nord Stream’s landfall, 
where the pipelines come on shore, 
and the receiving terminal of the 
connecting gas pipelines, OPAL and 
NEL. A double-gate valve, which 
separates the gas from the pipelines  
and the pipeline inspection gauge 
traps, is surrounded by scaffolding. 



Shore pull in Russia 
On August 4, 2010, the shore pull 
of the two pipelines was completed 
at the Russian landfall at Portovaya 
Bay. The pipelines were pulled from 
the Castoro Sei onto the landfall 
using an onshore anchored winch 
weighing over 100 tonnes.



Facts & Figures: 
Construction & Logistics

25,000 x
The saving in CO2 emissions 
due to optimised transport 
routes was 200,000 tonnes – 
the equivalent of a car travelling 
1 billion kilometres or 25,000 
times round the world.

The pipes

Concrete weight coating 
60-110 mm

Corrosion protection 
4.2 mm

Steel thickness 
27-41 mm

Investments of more than  
100 million euros in the infra-
structure of the ports involved in 
the project were the basis for its 
green, sustainable logistics. The 
five harbours used were all part 
of a strategy of short transporta-
tion routes. This concept of short 
trips, along with environmen- 
tally friendly transport by ship 

and rail, saved roughly 200,000 
tonnes of CO2 when compared 
with other options. In 2010, the 
company received the German 
Logistics Award for its green 
logistics. Nord Stream’s logistics 
had generated business and 
safeguarded or created jobs in 
12 European countries through-
out construction.

Investments in the EU and Baltic Sea states

5
The number of pipe carrier ves-
sels deployed during the peak 
construction phase.

2,000
The number of trips by pipe 
carrier vessels to supply all 
pipes used in the construction 
of the twin pipelines.

2 years
The Castoro Sei worked 
through every kind of weather, 
save for a one-month mainte-
nance break – this has never 
been done before.

2.7 kilometres
The average length of complet-
ed pipeline per day per vessel.

2 minutes
per pipe. The average time 
needed for ship-to-ship han-
dling in Slite, Sweden.

96 percent
of the overall transport for the 
Nord Stream project was han-
dled by rail and ship.

68
Baltic Sea ports were evaluated 
for the logistics concept, of 
which five were chosen.

 100-150 hectares
The space that had to be made 
available in existing ports in the 
Baltic Sea region.

 100 nautical miles
The maximum distance be- 
tween the marshalling yards 
and the route.

24 hours
The maximum time for a round 
trip for each pipe carrier vessel 
supplying the laybarges. 

3 out of 5
of the world’s largest pipelay 
vessels worked 24/7 on the 
construction of the pipelines. 
 

 148
The total fleet of vessels 
involved in all survey, construc-
tion, and logistics operations.

 110
vessels were deployed  
simultaneously in German  
waters alone for various dredg-
ing, gravel placement, con-
struction, and survey tasks.

95 percent
of the pipes were transported 
to the marshalling yards by rail, 
5 percent by ship.

 100 
The number of pipes that  
a train can transport at  
one time.

200
The number of pipes that 
a pipe carrier vessel can  
transport at one time.

 199,755
The total number of pipes  
used in the construction of  
both lines.

Unique
Each pipe segment was fit-
ted with an individual Radio 
Frequency Identification (RFID) 
chip in its end cap, enabling 
identification and tracking.

! 650 million
The overall value of investment 
in raw materials and labour for 
logistics alone.

23.5 million hours
were spent on the construction 
of the the Nord Stream Pipe-
lines, with no serious disabling 
injuries or work-related fatalities.

29
major suppliers were used  
in the logistics chain from  
raw materials to pipe  
handling. 

External diameter  
about 1.4 m

Internal diameter  
1.153 m

 1,224 kilometres
The length of each gas  
pipeline = approximate length 
of the River Rhine

3 x
The Allseas’ Solitaire, the 
world’s largest pipelay vessel, 
is over 300 metres long – the 
length of three football pitches. 

6 x
The 200,000 pipe segments 
together weighed in total  
4.8 million tonnes – equivalent 
to six times the weight of the 
Golden Gate Bridge. 

 12 metres
Each pipe segment is  
12 metres long, which  
is slightly longer than  
the average sized bus.

343 x
Each concrete coated pipe 
segment weighed 24 tonnes – 
equivalent to the weight of  
343 average people.

42,000 x
The total weight 
of pipe materials 
shipped in an environmentally 
sound way was 4.6 million 
tonnes – equivalent to the 
weight of 42,000 Boeing 787s.

France

River Rhine

Germany

The Netherlands

Belgium

Switzerland
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Underwater Tie-Ins Explained

T
he Nord Stream Pipelines were built in three sections, 
corresponding with the varying wall thickness of the 
pipes. Once the three sections were laid, they were 
gauged and pressure-tested. Then the Skandi Arctic 

dive support vessel moved in to begin connecting the segments 
underwater. The first connection took place in Finnish waters 
at a depth of about 80 metres at kilometre point (KP) 297. The 
second connection for Lines 1 and 2 took place in Swedish 
waters at KP 675 and 674, respectively, at a depth of about  
110 metres. The Skandi Arctic transported and operated all of 
the equipment necessary to weld the pipeline sections together. 
The sections were connected in an underwater welding habitat 
in several automated steps assisted by technical divers. Once 
the weld was tested, the subsea equipment was retrieved. The 
hyperbaric tie-ins of Lines 1 and 2 were completed in June 2011 
and June 2012.

Each of the Nord Stream Pipelines was constructed 
in three sections. Once completed, the sections were 
welded together to form the 1,224-kilometre pipe-
lines. The “tie-in” process took place on the seabed 
in an underwater welding habitat. Welding operations 
were remotely controlled from a support vessel, and 
divers assisted and monitored the subsea construc-
tion work. 

1. Performing “as-found” survey
Prior to sending the divers to the tie-in site, an 
as-found survey was performed to check that 
everything on the seabed was as it should be. 
For example, it confirmed the exact position of 
the pipelines.

2. Cutting the pipeline
The pipeline segments lay parallel to each 
other, overlapping. The ends of each segment 
had to be cut before they could be lined up. A 
diamond wire cutter was used to cut through 
the high-tensile steel.

3. Installing the welding plug
A welding plug was inserted into each end of 
the pipeline segments. The plugs were inflated 
for a perfect seal to separate the water in the 
pipeline segments from the dry welding area 
of the habitat.

4. Making the final cut and bevelling
Using a bevelling machine, the pipeline ends 
were given a smooth finish to prepare them for 
welding within the habitat. The surfaces were 
measured to ensure that they met the  
exact specifications.

5. Lifting and shifting
Three pipe handling frames (PHFs) were  
used to lift and shift the pipeline ends.  
The frames were needed to lift the pipeline 
segments and line them up before the  
welding could start.

6. Welding the segments
The pipeline segments were welded together 
inside the welding habitat. All welding opera-
tions were controlled from the dive support 
vessel. The weld was inspected using ultra-
sonic testing.

7. Retracting the welding equipment
Once the welds were inspected and approved, 
the habitat was retrieved back onboard the 
vessel. Using the PHFs, the pipeline was 
lowered onto the seabed, and a remotely 
operated vehicle surveyed the area.

Umbilical cable
All subsea equipment was connected to  
the dive support vessel by an umbilical 
cable. This cable supplied the power for 
the subsea equipment and transmit-
ted data from underwater cameras and 
welding equipment to the ship. The vessel 
also controlled all underwater processes 
through the cable.

Emergency gas quad
Had there been a problem with 
the supply from the vessel, the 
emergency gas quad could have 
supplied the habitat with breath-
able gas for up to 72 hours.

Pipe handling 
frame 

Welding habitat

Lift bag

Remotely 
operated 
vehicle

Skandi Arctic
 

Dive support vessel

Diving system
 

The Skandi Arctic has a 24-man dive system 
on board. The pressurised system was a  
habitat for the divers who worked on the weld-
ing. They ate, slept, and lived there for the 
duration of the tie-in process.

Tie-in sequence

Lift bag

Hyperbaric tie-in setup

All hyperbaric tie-in activities were conducted from the Skandi 
Arctic dive support vessel. The ship carried all of the equip-
ment necessary to perform the underwater welding and also 
accommodated a crew of welding and diving specialists. All of 
the equipment, including pipeline handling frames, lift bags, the 
cutting tool, and the welding habitat, was deployed and oper-
ated by the vessel. 

Welding habitat
The welding habitat supplied by 
Statoil PRS is a dry zone where 
divers worked without diving 
equipment to set up the automat-
ic welding machine. The welding 
was completely controlled from 
the dive support vessel.

Pipe handling frame (PHF)
The PHFs moved the pipeline 
ends into tie-in position. They 
can lift up to 150 tonnes. They 
lifted the pipeline sections and 
also shifted them sideways to 
align them for welding.

Lift bags
Lift bags were installed on the 
segments and filled with air. 
Once filled, the bags could lift 
up to 20 tonnes, helping the 
PHFs manipulate the extremely 
heavy pipeline segments.

Tie-in equipment
 

Equipment supplied by Statoil Pipeline 
Repair System (PRS) Pool

Gravel
Gravel was strategically 
placed on the seabed prior  
to pipelaying in the tie-in 
locations in order to provide 
a stable foundation for the 
equipment used in the subsea 
construction work.

Diving bell
A three-man diving 
bell brought the divers 
from the diving system 
where they lived to  
their subsea work 
area. Divers worked an 
8-hour shift and then 
returned to the diving 
system to rest.

Pipe handling frame

7.2 m

7.6 m

7.4 m

5.3 m

2.4 m

4.5 m
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