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Transportation of LNG from the Arctic to
Eastern Canada
by Lee S. Sims® and Neal A. Irwin®

ABSTRACT

THE Arctic Pilot Project represents a

new approach at exploiting the nat-
ural resources of the Canadian Arctic.
Using existing technology combined in a
new way it offers the promise of signifi-
cant economic stimulus to the Canadian
economy. It also presents some interest-
ing problems in the selection of a termi-
nal in Southern Canada. Two main al-
ternatives have been proposed: Gros
Cacouna in the Province of Quebec and
Melford Point in Nova Scotia. The se-
lection of the best terminal depends
upon assumptions about the future de-
livery and use of natural gas in Canada
and therefore is dependent upon na-
tional strategies and plans. The avail-
ability of large supplies of liquified nat-~
ural gas in Eastern Canada opens up the
possibility for various new uses of this
substance, as a transportation fuel and
for other purposes.

1 THE PROBLEM

Large volumes of natural gas have
been discovered in the Canadian Arctic.
These have included discoveries on Mel-
ville Island, Ellef Ringnes Island and in
the Mackenzie Delta Estimates of the
total amount of commercial gas vary
but the consensus is that there may be
over 3,000 billion cubic metres of com-
mercial gas in this area To put this

-into perspective the total domestic con-
sumption of natural gas in Canada was
about 46 billion cubic metres in 1980
Thus the Arctic fields offer the potential
of many years of gas supply. The prob-
lem, of course, is how to move this gas
from the wells in the Arctic to the po-
tential markets in Southern Canada and
elsewhere.

The most obvious solution is to build a
pipeline. This is being explored by the
Polar Gas Project developed by a con-
sortium of public and private sector
agencies. The current proposal is the
so-called “Y” line which would connect
both the Arctic Islands and the Macken-
zie Delta to the south. This system is
planned to carry some 22 billion cubic
metres of natural gas a year with pos-
sible expansions beyond that capacity.

*IBI Group.

The current estimate for the cost of this
project is over $7 billion in 1978 dollars
which would bring it to almost $9 bil-
lion in 1980 dollars. The great size ©
the capital requirements and the mag-
nitude of the volume of gas carried com-
pared to current Canadian production
and consumption show the scale of the
project. The very large commitment O
resources needed make the decision t°
go ahead with this project very difficult,s
particularly in light of new discoveries
of gas being made in Western Canada
and offshore on the East Coast of Can-
ada on the Scotian Shelf and Hiberma
fields. The construction of the Polar Gas
pipeline would also require considerable
research and development, especially
with respect to the two marine pipé-
lines required across straits in the Arc-
tic Ocean.

A second proposal which represents
the first stage of a more incrementa
approach is the Arctic Pilot Project
(APP). This, again, is a proposal PUt
forward by a consortium of companies-
It proposes to construct the pipeline
from gas fields on the Sabine Peninsul2
of Melville Island to a port on the south-
ern coast of that island, to liquify the
natural gas at a liquefaction plant to be
located there, to move the liquified nat-
ural gas (LNG) by special tankers to 2
port in Eastern Canada and to regasify
the LNG at this point and feed it into
the pipeline network. The total capit2
costs of the APP are estimated at $1.
billion in 1980 dollars and the system
would carry approximately 2.6 billion
cubic metres of gas to market each year-
Thus, the capital costs are somewhal
higher in proportion to the volume ©
gas to be moved However, the tota
commitment of capital required is much
less than the Polar Gas Project and, a3
will be shown later in this paper, the
project is much more flexible and can be
expanded at incremental costs which de-
crease with throughput.

The Government of Quebec was very
interested in the project from the be-
ginning and commissioned various
studies including an analysis of alterna-
tive sites for the southern termina
within the Province, and analyses of the
safety implications and other aspects ©
the development. We were retained to
make comparisons of terminals in Que-
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bec and in other Provinces and to help
them prepare for hearings on the proj-
ect before the National Energy Board
where Quebec may appear as an inter-
venor.

2. THE ARCTIC PILOT PROJECT

Exhibit 1 shows the main components
of the Arctic Pilot Project. These are:

—the pipeline on Melville Island;

—the liquefaction plant and port fa-
cilities at Bridport Inlet;

—the marine transportation system;

—the receiving terminals in Eastern
Canada.

The first section is a conventional 100-
mile pipeline from the Borden Point gas
fields on the Sabine Peninsula to the
south coast of Melville Island. The best
port location was found to be at Brid-
port Inlet. A map of the pipeline route
1s shown on Exhibit 2. This pipeline is
expected to cost $131 million in 1980
dollars.

. The port and facilities in the port are .

Interesting because of the construction
methods to be used. The liquefaction
plant will be built on a barge and moved
to the site as a completed whole. In ad-
dition there will be storage tanks to take
the products of the liquefaction plant
and from which the vessel will be loaded.
Like the liquefaction plant, the storage
tanks will be mounted on barges and
moved to the site as a whole. Unlike the
liguefaction plant, however, the barges
will not be left floating but will sit on a
Drepared gravel bed. The total cost for
hese port facilities is expected to be
Some $608 million (1980 dollars).

The liquefaction plant will cool and

COmpress the natural gas to make it
convenient to transport by ship. Liqui-
fied natural gas (LNG) is some 625
times as dense as the substance in its
Zaseous state at standard temperature.
he temperature of the LNG is approxi-
mately —160°C.

The movement of LNG by tanker is
not new. Exhibit 3, taken from the APP
application to the National Energy

oard, shows nine LNG transportation
bProjects currently in operation. In addi-
tion there are several other projects now
under design or construction. What
Thakes this project unique is the combi-
nation of LNG carriers and icebreaking
technology required. The voyages of the

Tanhattan and the motor vessel Arctic

ave indicated that the icebreaking
technology has been developed sufficient-
ly although this is still a “pilot project.”

Each' of the two LNG carriers pro-
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posed for the Arctic Pilot Project has
the following characteristies:

—cargo capacity 140,000 cubic metres

—Ilength 374 metres
—~—beam 43 metres
—draft
—icebreaking 183 metres
—open water, 11 metres
laden
—horsepower 180,000

One of the most interesting features
of the design of the ships is that they
will be fuelled by natural gas. In other
words they will use part of their own
cargo for the main propulsion energy.
This natural gas used is part of the nor-
mal “boil-off” which will occur in any
case during the voyage. The natural gas
fuel will be supplemented by fuel oil.
The vessels will be built to Arctic Class
7 standards which would allow them to
operate between Melville Island and the
East Coast on a year-round basis.

Our colleagues on this project, Albery,
Pullerits and Dickson Associates, have
estimated that round trip voyage times
would vary between 17 days in the best
month (September) to 233 days in the
worst month (April) for the voyage be-
tween Melville Island and Gros Ca-
couna, the terminal site proposed by the
project sponsors. The routing of the ves-
sels has been shown in Exhibit 1.

The vessels will use the Northwest
Passage and, as planned by the APP,
the Strait of Belle Isle to the northwest
of the Island of Newfoundland. Taking
account of changes in navigation condi-
tions over the year and annual periods
of refit, the operation of two vessels re-
sults in an arrival at the eastern termi-
nal approximately once every 12 days..
The total volume of gas that would be
carried would be approximately 2.6 mil-
lion cubic metres (measured when re-
gasified) per year.  The vessels are ex-
pected to have a total capital cost of
some $530 million,

At the FEastern Canadian terminal
there would be storage tanks for the
ships to unload into. The unloading time
is expected to be 12 hours. The APP has
proposed a total storage of some 200,-
000 cubic metres of LNG (that is, gas in
the liquid state) although our engineers
indicate that this may be somewhat low. :
The port facilities, regasification plant
and storage tanks have been estimated
by the Arctic Pilot Project to cost $16¢
million.

. After leaving the storage tanks, the

‘LNG would be regasified and fed into a

pipeline network for movement to the
centres of consumption. It should be
noted that the application of the APP
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- EXISTING LIQUID NATURAL GAS PROJECTS

Contract
Volune
. Route Year Nunber of Vessels {million ft3
{origin-destination) Comenced Servicing Contract per_day) Remarks
Ay Thabi-Japan 11937 4 355 Problems encountered with plant storage tanks

has reduced deliverios to appraximately 858 of
design capacity.

AlasXa~Japan 1969 2 160 In the winter of 1976~1977, when the USA was
: ’ experiencing energy shortages, two spot carges
of LNG were loaded in Alaska and delivered to
US east coast.

Algeria~France 1965 4 400 Major discharge teminal is Fox-Sur—#er. e
: Havre receives apprax. 12% of deliveries.

&Algeria/Libya- 1974 1 110 Very few LNG deliveries have boen made to

Spain Spain recently. Algeria and Spain have rec—
ently ratified an LG agreement which entails
dalivery of 450 million cu. ft. per day of
natural gas cammencing in mid-1980.

Algeria-U.X. 1964 2 100 In operation 15 years with no signlficant
N interruption in service.

Algeria-U.X, 2 mn 15 1,120 Algerian LNG deliveries to US cammenced in 1971
with discharge in Boston. In 1977, additional
contracts became operational, providing dis-
charge at Cove Foint, Maryland, and Elba Islands

Georyia. .
Brunei-~Japan 1972 7 750 This project has been highly succesaful.
Indones: apan . 1977 ? 1,085 . This contract includes two loading terminals
ta ’ in Indonesia and threc discharje terminals
in Japan.
Libya-Italy 197 4 235 Deliveries were interrupted for four months

in 197576 dus to pricing disajreements.
EXHIBIT 3(A)

Source: Arctic Pilot Project.
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Source: Arctic Pilot Project. . _ . -
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for this project is contingent upon get-
ting export approval for this gas, plus
additional volumes from conventional
Sources, to the United States. In fact
the application states that this gas could
e delivered either directly or by dis-
Placement. This latter means that the
APP gas might serve certain markets
In Eastern Canada and therefore free up
or displace Western Canadian gas for
delivery to the United States.

The total cost of the project, not in-
cluding the development of the gas fields

emselves or the transportation of the
gas in Southern Canada by pipeline, is
expected to have a total capital cost of
$1.4 billion dollars. This is very sub-
Stantial and in addition there will be on-
Boing operating costs incurred in the op-
erating of the LNG tankers. To pay for
these costs the Arctic Pilot Project is
dependent upon the higher prices re-
Ceived for export gas compared with
domestically used gas. This is the rea-
Son the application is contingent upon
obtaining the approval to export gas to
the United States.

3. CHOICE OF AN EASTERN
CANADIAN TERMINAL

The APP application to the National
Energy Board states that the Eastern

nadian receiving terminal would be
0cated in Gros Cacouna. Gros Cacouna
IS a rocky, wooded island close to the
South Shore of the St. Lawrence River,
abproximately 125 miles below Quebec
ity, The port facilities, storage tanks
and regasification plant would be lo-
cated here. The pipeline would be con-
Structed either to join the Quebec net-
Work now being constructed to Quebec
City or to a new junction with the Mari-
time pipeline proposed by TransQuebec

Maritimes Pipeline Inc. (TQM).

The application indicated that an al-
ternative location at Melford Point on
the Strait of Canso was also a possibili-
Y under certain conditions. The Govern-
Ment of Quebec is very interested in the

ros Cacouna location and commissioned
Severa] studies with respect to the proj-
€ct including site selection within the

rovince, analyses of the safety aspects,
and a comparison of the economics of
he alternative locations proposed. Our
am was retained for this last study
and we are still working on the project.
hearings are scheduled for the latter
alf of 1981, and we are assisting the
T rovince in preparing for these hear-
Ings, Because of the on-going nature of

13 project we have not yet reached

Conclusions. We can, however, at this
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time indicate to you some of the ques-
tions that have to be addressed and
some of the interesting problems that
have arisen in this project.

3.1 COMPARATIVE
CHARACTERISTICS OF
THE PORTS

Port facilities at Gros Cacouna are ex-
pected to cost slightly more than those
at Canso. This difference comes from
two sources. At Gros Cacouna deep wa-
ter is not available close to the Island
and therefore either a channel must be
dredged or the wharf must be extended
out into the river. Deep water is avail-
able closer to the shore at Melford Point
and this reduces the wharfage require-
ments. The design of the storage tanks
at Gros Cacouna is somewhat more ex-
pensive because the area is considered
to be more seismically active than the
Canso region. In terms of voyage times
to the two ports, the Canso site would
have slightly greater problems with
high winds and limited visibility while
Gros Cacouna would suffer from prob-
lems associated with the river currents
and with ice congestion at the berth
during the winter months. Because of
these factors and because of the slight-
ly shorter distances to Melford Point, by
our calculations an additional 114 ship
loads per year of LNG would be deliv-
ered by the two tankers to Canso over
what can be delivered to Gros Cacouna.
The final result of our comparison is that
the total cost of transportation, from
loading the LNG at Bridport Inlet to the
point where the gas is fed into the pipe-
line system at the southern port includ-
ing accounting for the value of the fuel
consumed on the voyage, would be some
7% higher to Gros Cacouna than to Mel-
ford Point.

To this must be added the cost of ex-
tracting the gas in the Arctic, trans-
porting by pipeline to Bridport Inlet,
and liquifying, storing and loading it
onto vessels in the Arctic port. Since
these are common to the two alterna-
tives, however, we did not examine these
costs in detail.

One of the most interesting aspects of
this study is our finding that the mar-
ginal costs of transporting the LNG by
ship, once it has been liquified and
loaded onto the vessels, is about one-
third the cost of transporting the equiv-
alent volume of gas by pipeline. There-
fore, the economics of the transporta-
tion system are such that the originating
and receiving LNG terminals should be
as close as possible to the source of the
gas and to the consumer, respectively.
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3.2 PIPELINE
TRANSPORTATION COSTS

The cost of transporting the gas to
market obviously depends upon the lo-
cation of markets that can absorb this
gas, the existing pipeline infrastructure
and the origins and therefore flows of
gas from other sources. In the analysis
of the best location of a southern ter-
minal for the Arctic Pilot Project there
is uncertainty in all three of these ele-
ments because of the following factors:

1. The size of the Maritimes market is
not yet known. The estimates of the
NEB in their decision in the pre-
vious applications for a Maritime
pipeline issued in April, 1980, indi-
cated that the Maritimes market
might take approximately half of
the volume of the gas to be deliv-
ered by the Arctic Pilot Project.
The current application of TQM has
higher estimates of the market, in-
dicating that the Maritime Prov-
inces could absorb essentially all of
the Arctic Pilot Project gas by 1993.
These projections have just recently
been issued and have not yet been
examined by others in detail.

2. The future of the TQM pipeline is
yet to be decided. Although the gov-

ernment has declared that it is part
of the National Energy Policy, the
relative timing is still uncertalnl
and, in fact, there is some resistance
on the part of the Alberta gas pro-
ducers to the Maritime pipeline €*-
tension.

3. Significant finds of natural gas have
oceurred offshore on the East Coasts
on the Scotian Shelf and in the HI-
bernia field off Newfoundland. The
introduction of these volumes of 3%
would significantly alter the pats
terns of flow.

Exhibit 4 shows the possible permi:
tations of these factors and indicates
which port is more economic under eac
of these combinations. Of the eight PO5”
sible cases, Gros Cacouna is indicated g
be preferrable in five, it is a “toss-up
in two, and Melford Point is the moreé
cost-effective site in one case. The ¢a5®
in which Melford Point is the prefer
rable port assumes that the Maritimes
market is large enough to absorb all ©
the APP gas, that the TQM pipeline has
been built as proposed and its costs are
assumed to be “sunk,” and that there 55
no major development of the gas fiel :
on the East Coast; otherwise, G¥
Cacouna appears to be preferrable. _

In one way these comparisons are ar

DECISION TREE

CONSTRUCTION COMMERCIAL
SIZE OF OF DEVELOPMENT OF MORE COST-EFFECTIVE
MARITIMES MARKET TQM PIPELINE EAST COAST GAS APP PORT LOCATION
Built As Yes Gros Cacouna
Proposed And< .
Costs Sunk No * Melford Point/Gros Cacoun?

NEB Estimate
Design To Be

qn Yes Gros Cacouna
Modified To<
Take Account No

of APP

Built As Yes
Proposed Ande—" €

/ Costs Sunk T~ No
TOM Estimate
Design To Be Yes
Modified To<
Take Account No

of APP

EXHIBIT 4

Gros Cacouna

Gros Cacouna

Melford Point/Gros Cacoun?

Gros Cacouna

Melford Point
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tificial; it is not likely that the TQM
pipeline would be built entirely as orig-
Inally planned if, after the commence-
ment of construction, the Arectic Pilot
Project were to start. In another way,
though, this comparison reflects the cur-
rent decision-making environment in
Canada. The NEB will probably rule
upon the TQM pipeline application be-
fore considering the Arctic Pilot Proj-
ect. By the time the Arctic Pilot Project
is committed, the commercial possibili-
ties of the East Coast fields will prob-
ably be better known.

There is a further consideration. The
APP is a “pilot project” and, if success-
ful, will probably be expanded. We have
examined the costs of such an expansion.
Marine transportation costs per unit of
gas carried remain relatively constant.

owever, per unit port costs go down
rather steeply with larger throughputs.
In fact, we have estimated up to eight
or ten LNG carriers could use either
port without experiencing any signifi-
cant congestion or necessitating any ad-
ditional wharfage. Some additional stor-
age would have to be proposed but this
does not vary linearly with throughput;
there are economies of scale. The cost of
the regasification plant also does not in-
crease directly with the throughput. Any
additional volumes of gas would obvi-
ously be beyond the capacity of the
Maritimes market to absorb and, from
this point of view, Gros Cacouna would

e a more logical terminal site, being
closer to other major Canadian and U.S.
markets.

As well as there being a potential for
additional volumes of gas moving from
the Arctic, it is quite possible that it
will be decided that gas cannot be landed
economically by pipeline from the Hi-
bernia fields because of problems with
lcebergs, etc. In such a case it is quite
possible that the gas will be liquified in
the field and will be landed by ship.
Again, if these volumes are significant,
Gros Cacouna would be the preferrable
site since it is closer to major markets.

4. THE POTENTIAL IMPACTS OF
THE ARCTIC PILOT PROJECT

. The Arctic Pilot Project is a very ma-
Jor project for Canada. It will have sig-
nificant impacts on the Canadian econ-
omy both during the construction phase
and later., Although some of the capital
costs will be spent abroad, a very high
proportion will be spent in Canada. On-
going operations will be less significant
In terms of expenditures and labour em-
ployment but will still be quite large.
The development of the Arctic Pilot
Project will also lead to the develop-

ment of regular cargo service to the
Arctic to supply the installations on Mel-
ville Island. In addition the passage of
the LNG carriers throughout the entire
vear will maintain an open channel
through the Northwest Passage. This
has great implications for other users
of this waterway. This would probably
include oil tankers at the same time or
shortly afterwards.

The Arctic Pilot Project, if successful,
will undoubtedly lead to further develop-
ment of the gas fields and other re-
sources of the Canadian Arctic. Esti-
mates of the number of LNG carriers
that might be built range up to 30. At
a cost of well almost $300 million each,
this would have a very considerable im-
pact on the Canadian economy, on the
Canadian shipbuilding industry, and on
the development of a Canadian Mer-
chant Marine.

41 OTHER USES OF LNG

To this point we have been speaking
of the LNG carrier as part of the sup-
ply route to a conventional pipeline sys-
tem, but, once the gas is liquified, it can
be used directly for a number of pur-
poses.

Present designs call for the burning
of fuel to provide the heat of vapouriza-
tion needed in the regasification plant;
these “cold” BTU’s could be used for
other purposes. A combination of an
LNG terminal and a thermal generating
plant would result in increased efficiency.
The very cold LNG can be used as a
coolant in an air separation plant to
produce oxygen and nitrogen. The Jap-
anese are investigating the use of cold
produced by the regasification of LNG
for a desalinization plant. Food freezing
and cold warehousing is also another
obvious potential use of LNG.

Our investigations have also indicated
that, once the gas is liquified, it can be
handled by surface modes of transport,
rail and truck, at costs which are very
comparable with pipeline transportation.
Thus, with a large source of LNG at a
site such as Gros Cacouna, LNG could
be carried to peak-shaving gas storage
facilities in some of the larger metro-
politan areas which already create their
own LNG to handle peak demand pe-
riods. LN'G could also be carried to areas
not presently served by the pipeline net-
work and thus could be an instrument
for introducing the use of natural gas
to many smaller communities in East-
ern Canada.

LNG also has great promise as a
transportation fuel, for railways, for
automobiles and for aircraft. The siting
of an LNG terminal in one of the more
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populated regions of our country im-
proves its attractiveness as such a fuel
because the cost of liquification, a major
consideration, would no longer be re-
quired.

For all of these reasons the Arctic
Pilot Project would have a very signifi-

RESEARCH FORUM

cant impact on Canada and would impact
it in ways which might not be expected
at first examination. It is to be hoped
that these impacts will be given due
weight as decisions are made regarding
whether and how to proceed in this im-
portant development.
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