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Subsea Transportation of Cryogenic Fluids

Raul Gaurisse, PlusPetrol (Peru), Vicki Niesen, ITP, Inc (USA), Michael Offredi, ITP SA (France), and M B (Skip) Mick, Paragon Engineering Services (USA)

The authors report on the recent successful establishment of ITP-designed sub-sea insulated refrigerated LPG
pipelines on the Camisea Project in Peru. The article describes the progress of a Joint Industry Project to qualify
the design for LNG applications, and the potential benefits for jetty to shore LNG transfer.

ubsea transportation of crvogenic
fluids (LNG and LPG) for both load-

ing and offloading terminals can
have a significant impact on cost. environ-
mental and visual impacts, local approval,
and security. Taken together, the net
result is that the overall project approval
cycle can also be improved, and thereby
improve project viabi

The technology

v and economics.

or subsea transporta-
tion of cryogenic fluids is maturing rapidly,
in large part due to a joint industry project
(JIP) to qualify an LNG ne design and
through the soccess stallation and
operation of subsea propane and butane
pipelines on the Camisea Project in Peru.

Camisea Propane and
Butane Subsea Pipelines
Figure 1 shows the loading berth for
propane and butane from the Camisea
fractionation plant loca
Peru, What is noticeabl
ture is the presenc
pipeline connecting
tionation plant located 4 kom away (1 km
onshore and 3 km offshore)  The conven-
tional trestle that was origimally proposed

r Pisco,
it in the pic-
tle and

insulation to achieve a similar thermal
performance. Consequently, with the tra-
ditional insulation systems, the outer pipe
diameter would be significantly larger.

In addition to the thermal performance,
the Izoflex insulation system offers other
benefits.

(a) [Itcan be used over a wide temper-
ature range (-200 to 900 °C). This charac-
teristic greatly simplifies the design and
the fabrication process since it is possible
to weld directly over the insulation with-
out damaging it. All field joints of the
pipe-in-pipe are simple butt welds. Bulk-
heads were used only at either end of the
pipeline.

(b) It has high compression carrying
characteristics. No centralizers are needed
between the two pipelines.

Using the local labor workforce, indi-
vidual 20 inch pipe sections were insulat-
ed and inserted into the 24 inch outer pipe
at a temporary fabrication facility set up
on-site in Peru (see Figure 2).

There are significant construction and
installation benefits, and accompanying
reduced cost and risk, associated with
minimizing field joints. This led to a deci-

generated local objec
visibility and concern thas
fere with fishing boa = The trestle  the fractionation plant EPC contractor,
was also higher cost more exposed o space was set aside at Pisco so that the
natural risks (such as tsunamis entire 3 km offshore pipelines were built

The berth is connect
the Pisco fractionation
via two sub-sea,
pipelines which trans
propane and butane at tem
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tem (a patented insulation
system for pipeline applica-
tions owned by ITP). It pro-
vides a high thermal per-
formance (0.35 W/m? K "as
installed”), while using only
20 mm of insulation, which
results in a compact overall
pipe-in-pipe  design It
would have required more
than three times the thick-
ness of polyurethane foam
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er on the Camisea Project for Pluspetral Peru
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Years experience in thermal, hvdraulic, and
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systems. She earned a BS in chemistry from
New Mexico Tech and a MS and Ph.D. in

mangager for the construction, ¢
ing, and start-up of natural gas processing
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and refinery units. He earned a bachelor's
degree in Industrial engineering from the
University of Buenos Aires.
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chemical engineering from Colorado School
of Mines. ...

Michael Offredi is currently the TOTAL
Forvie project manager with ITP InTerPipe
and has been involved with the engineering,
Sfabrication and laving of deepwater and
ervagenic highly insilated pipelines for seven
years. He was Project Manager for the

completely onshore. These were placed
on a temporary railroad track and later
pulled offshore as a unit. The so-called
"flat pack" contained the two 20 inch x 24
inch pipe-in-pipes, a 24 inch naphtha line,
a 10 inch diesel line, a power / instrument
cable (umbilical), as well as buoyancy
modules (see Figure 3). The towing
process was performed by Land & Marine
(based in UK). Four days after the trench
was completed, the pipeline had been
towed to the base of the platform.

The installation of the pipelines and ris-
ers was completed in August 2004. The
pipeline became operational in September

Camisea LPG pipelines. He was in charge of
the development of the LNG Subsea Cryo-
genie Pipe and responsible for four JIPs, two
on deepwater flowlines and two on the ING
Subsea Cryogenic Pipeline led by Gaz de
France and more recently by ChevronTexaco.
He is a graduate of the Ecole Spéciale des
Travaux Publics (ESTP) of Paris, civil engi-
neering school.

M B (Skip) Mick is Vice President, Deep-
waier [ Special Projects for Paragon Engi-
neering Services. He was Paragon's project

2004 when the first load of butane was
shipped. Field measurements of the pipe-
in-pipe loading system in operation indi-
cate that the designed thermal performance
was met or exceeded. While the system is
designed to continuously circulate prod-
ucts through the cryogenic lines to keep the
pipelines cold, the excellent thermal per-
formance of the system results in such a
low boil-off rate that the pipelines can be
shut-in between shipments for greater than
a week, while still maintaining operating
temperatures without recirculation.

The successful fabrication, installation
and operation of the Camisea cryogenic
pipelines demonstrate many of the design,
fabrication and installation processes for
ITP's subsea LNG pipeline system design.

Joint Industry Project to
Qualify LNG Subsea Pipe
Design
Through a JIP with four major oil & gas
companies, ITP InTerPipe has received
DNV's "Statement of Feasibility" and ABS'
"Approval in Principle” for its proprietary
subsea LNG pipeline design. This is the
first subsea pipeline designed for LNG
transportation that has received both of

these certifications.

The primary JIP objectives were to
receive DNV and ABS certifications, to
demonstrate to potential clients with LNG
projects that the technology was sufficiently
mature to conclude that there were no tech-
nological "show stoppers”, and that subsea
LING pipeline technology can be considered
as a technically viable alternative to poten-
tially long distance jetties that are currently
being designed. To achieve the primary
objective of agency certification, the JIP
designed, fabricated, and tested a large-scale
section of 24 inch 1D, triple wall pipe-in-
pipe-in-pipe. However, a double wall pipe
design is technically feasible depending
upon the specific application of the pipe and

director for the Camisea Project. He has
more than 30 vears varied experience in the
oil and gas industry and prior to his career at
Paragon, he worked at Marathon Oil Co. for
nearly 25 years, most recently as the Deep-
water Development manager.  He carned a
bachelor's degree in Chemical Engineering
Srom the University of Davton, a masier's
degree in Chemical Engineering from the
University of Florida, and an MBA from
Texas A&M in Kingsville, Texas.
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The speci

! operator's risk assessment.

- tasks in the JIP included:

® Demonstrating the complete fabrica-
tion process using 36% Ni steel inner pipe,
including full-scale bulkheads

B Demonstrating the welding procedures
required for 36% Ni steel

LNG subsea pipeline design, demon-
strates that subsea pipeline transportation
of cryogenic fluids has matured to the
point of allowing implementation of sub-
sea LNG pipelines without technological
“show stoppers".

Subsea transportation can have signifi-

distance jetty (which sometimes also
requires long distance dredging). As
shown with the Camisea project, the sub-
sea pipeline can often play an important
part in gaining environmental and local
approval. When identifying risks and
concerns involved with the implementa-

risks associated with the "traditional” jetty
technology. In the current world environ-
ment, a subsea, buried pipeline is likely to
be shown to have lower risks.

Lastly, while the design and qualifica-
tion work have focused on subsea applica-
tion of the LNG pipeline, a simplified

B Pressure testing the test section at a typ-
ical design pressure for LNG service

| Fully trumenting the
test section, and thermally
cycling it at liquid nitrogen
temperatures, to measure the
mechanical stresses induced
at cryogenic temperatures

B In boil-off tests with lig-
uid nitrogen, measuring the
thermal performance of the
"as built" test section

® Validating finite element
modeling techniques by
developing an FEA model of

cant benefits for a project. The cost can be
substantially lower as compared to a long

A Y

tion of the LNG pipeline technology, the
potential user should also evaluate the

= GAIL (India) Limited

pipe-in-pipe design can be easily imple-
mented onshore as well. ]

Invitation for Expression of Interest (EOI)
(under International Competitive Bidding Process) for Supply and
Delivery of LNG (Liquefied Natural Gas)

GAIL (India) Ltd, one of the leading Publlc Sector Companles in India, is the
and D A

NIT No. ND/Sourcing/LNG - ICB/2004

formula (fixed + variable components), price indexation (JCC/Brent/Dubai) etc.

the st section. and cotvpar- dominant player in Natural Gas Trar with more WIIl. Information requ|md as partof EOI
ESERCCIION. A coma than 92% market share and dominant presence in all aspects of Natural Gas The liers are required to submit the following information
ing results against actual value chain in the country. GAIL has created superior value for all its a[cmg withthe EOl:- -
physical s s and tempera- stakeholders throughout its existence since the past 20 years. Plait's Global 1. Company Background
b r L S \'"t;' e Survey 2002-03 has ranked GAIL as number 1 company among global gas : Fiid incluiding Board of Di I
I AR utilities in terms of Returns on Invested Capital. GAIL has been raled as ogal status, Kichiding Board of Difectoes; capitaland shiareholcing siructurs
during thermal o among the top 10 companies in terms of profits and revenues in India. GAIL and key personnel.
B Providing isinastrong financial position with a gross tumover of USD 4.6 Billion and 2. Upstream Sources
nle estimalé-a Net Profit of USD 416 Million. For more information about GAIL, please log a. Likely source(s) from which LNG is proposed to be supplied
; - = on to www.gailonline.com. b. Location
F_'SU il Il AsaDominant Natural Gas Player, GAIL owns and operates more than 5600 ¢. Sufficiant or Proven Reserves
seclional view « e- Km of High Pressure Natural Gas Pipelines serving more than 400 major gas d. Expected Quantum
walled test sects cus:gmf [suéhm; ipsiine ne!;:roor:;;a . both‘domes‘hc%:;s:;:,:tlafg e. Duration of gas supplies from such source(s) with documentary evidence
for the JIP. The Ltd. GAIL is @ partner in Petronet LNG with 60% marketing rights of the re- thereof.
made of 36% N gasified LNG. GAIL's JV companies, Indraprastha Gas Ltd, Mah Gas f. Documentary evidence in respect of right of exploitation of Gas reserves
has a coeffic Ltd and Bhagyanagar Gas are responsible for CNG and Ci:y Gas distribution 3. Details of Liquefaction plant(s) from which LNG is proposed to be
o in cities of Delhi, Mumbai and in the state of Andhra Pradesh. In addition, supplied
GARIGECIY MoNy GAILis in the process of setting up city gas distribution networks in 21 major a) Greenfield or Brownfield project
stainless steel ciies across the country, GAIL has recently ventured into overseas CNG/ b) Locationof the liquefaction plant
the pipeline to be g;yp?;:c?;smbu“m Projects in Egypt and has taken equity participation in ¢) Details of liquefaction technology
il Further, GAIL has expanded along the Natural Gas Value Chain and owns 4) Expected date of commisioning of proposad project )
loops or bellows used for and operates the largest Petrochemical plant in North India with an installed e) Details of experience in developing, financing, constructing and
stainless steel pif i capacity of 310,000 TPAof Polyethylene (HDPE & LLDPE) based on Natural operating liquefactionfacility. -
greatly simplifies Gas. GAIL also owns and operates 7 Gas processing facilities with installed f) Capacity to supply additional quantity of LNG, if required by GAIL.
A o capacity of 1.3 MMTPA of LPG and other liquid hydrocarbons like Propane, g) Anyother relevantinformation in this regard.
of a subsea Pentane and SBP. GAIL is a pioneer in the LPG transmission segment and 4. Loading port
pipeline, has created 1Ihe world's longest I.IPG pipeline g1269 Km) connecting West a. Location of the loading port
The Izoflex insulation India (producing ) to North India (high oonsump!lonogr:‘rf }Iha 4 Wi b. Existing (brownfield) or proposed (greenfield)
located in the inner annulus . E‘x:;;f:; o?ﬁ:g‘;‘&:g?:ﬁp_ wﬁf’:i;c;uqrﬁf;'r ricipati o i?‘n:gr&o(:k; c. The maxirf:um shlJD size the Iqading portcan P}andte
provides an overall, "as built”, 11in India and 1in Myanmar. In view of the synergy between the Natural Gas d. Docur yev of shipping ifany, for LNG supply.
thermal performance of 0.13 and Power sector, GAIL has participated in a gas based 156 MW power e. Additional handling capacity that can be d
W/ m K, which is a factor of plant, Gujaral State Energy Generation Ltd. (GSEG). f. Status in respect of statutory clearances/ contracts/ financing and the
i Lt V. While demand for Natural Gas in India is increasing, the Country is facing ship size
10 better than typical subsea | supply constraints due to limited domestic resources and geo-poliical 5. Status of Statutory Clearances
pipe-in-pipe lines. It also barriers in sourcing Natural Gas through transnational pipelines. Due to this List of various clearances/permits required for Export of LNG and the
minimizes the overall system the Indian Gas Market is facing a significant demand - supply gap which is status thereof,
i i expected to widen in the years to come. Indian Markets on account of the 6. Capacity
diameter. The inner pipe is ongoing reforms in the Energy Seclor offers a substantial opportunity for o
located within intermediate LNG supply. GAIL, as the market leader in NG business, foresees an 3, \GUmentcontracte
and outer carbon steel pipes, important role in serving the customer needs and development of NG b. Listofexisting buyers X ) g :
£ = markets. To serve the development of the NG industry, GAIL seeks to source ©. Total surplus capacity available, if any, with documentary evidence
which are both designed to additional LNG from multiple sources across the globe. Supplies of LNG to thereof.
sustain hydrostatic head. GAIL therefore, offers altractive opportunities to polential suppliers to d. DraftTerm Sheet.
They are made of carbon mnsistenu;ghl_sales vulu:nes. andlong Ielrmhusine:ss o;p;ﬂ:nltles.d i e Preferred agreement period for supply of LNG.
chitn] N . g Vi. Based on GAIL's internal assessment of potential mal emand, i ¢
hm"'_ he.L{IlIS[" thie IL.ITIPE‘T\'I would like to import LNG at the existing and proposed LNG Re-gasification 2 EL':T‘::__IC‘x:E? bility with doc S T T
tures of both remain near West Coast terminals at Dabhol (Dahej), Kochi and East Coast terminal at =na = hnaland pal.floizs sl ¥ S ars
ambient seabed temperature, Ennore. The LNG requirement would range from 0.7 MMTPA Lo 15 MMTPA it ol rp“’ﬁ ossaLt "g“’ ﬁ o o
The completed test sec- with a built up to start from 2005-06 and to reach a plateau by 2008-09. The !X All pertinent information that may affect the performance e
: N B LNG can be supplied from single or multiple liquefication facilities either on responsibilities such as angoing litigation, financial distress or any other
tion (shown in Figure 5) was Ex-ship or FOB basis. Ex-ship delivery would be preferred in the initial must be disclosed.
18 meters long including a 5- stages of the supply. X. zrosgective t.-;ur;p(-l_::rli ::?:“ be re:l?:‘i’r_edmlo I?::I'”Y :gainst T?RQUG“TPB
" . ' equirements o . to be specified in the bidding document (Request for
D _bL nd. U‘“_u was m_c\Iudch 30 GNL e 31:: ":e o wofrakcﬁ:::g :;'.‘.;1 |_nteresled paé'lg‘;g:irftiiesﬂf o Qualification) and mere submission of EOIl andfor submission of ad_dilional
test a section of riser. SBM | o bl information does not autamatically entitle any party to claim for qualification
was subcontracted to per- | vy GAIL therefore, invites E: P jon of | (EOI) from prospective and/or participation in the bidding process.
form the thermal cycling and suppliers of Liquefied Natural Gas for Long Term (20-25 years) & Short Term Xl. GAlLreserves the right not to issue the bid document and/or accepl or reject
boil-off measurements using (5-10 years) bases, supply and delivery of LNG at mulliple sites on any or all the offers at any stage of the process andlor to modify or annul the
I competitive terms. GAIL is looking for 20-25 Year Ex-ship / FOB supply process without assigning any reason whatsoever. GAIL reserves the right
liquid nitrogen. The test sec- contract based on international commercial terms like take or pay/ supply or lo seek additional information from the prospective suppliers who respond to
tion was installed at SBM's pay obligations with LNG club rules and upward / downward flexibility, pricing this invitation for EQI,
test facilities in Nice, France. Prospective suppliers may submit their EOI (on their letter heads) along with all the required
information as given above latest by 15th March 2005 at the following address:

Conclusions
The combination of the suc-
cessful installation and o
ation of the Camise.

and butane pipelines
the ABS and DNV
tions of the ITP ¢

GM-Sourcing
GAIL (India) Limited
GAIL Bhawan, 16, Bhikaiji Cama Place,
New Delhi -
Email : agarg@gail.co.in
Ph No.: 26182955, Fax No.: 26185941 Extn. 284#
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