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LIQUEFIED NATURAL GAS:

A SATFE, CLEAN‘ ADDITION TO OUR ENERGY SUPPLY

Imports of liquefied natural gas (LNG) can help supply clean energy at
competitive costs, now and in the future, in a form and at locations
where energy supply is critically short. Precautions are necessary,
though. As a fuel, LNG presents certain risks. As a cryogenic liquid,
it requires special materials and handling procedures.

The LNG industry has taken the necessary precuations. Cryogenic tank
ships, storage tanks and handling facilities are designed for enormous
reliability and safety. The industry and government have sponsored
safety research and large-scale tests which have been reported in public
documents, at scientific meetings and at public hearings before

Federal agencies and Congressional committees. Federal regulation of
LNG safety has been enacted, and it is exercised. The ten-year

safety record of the world-wide LNG trade is testimony to the effective-
ness of properly conducted operations. Nevertheless, concern has

been expressed that there could be large-scale accidents by fire or
explosion where LNG is‘ terminalled in heavily populated port cities. Let
us examine the substance of such concerns.

SAFETY ISSUES

A. Energy Content

Issue: Critics point out that the energy contained in
a loaded LNG tanker is larger than that of the Hiroshima
bomb.

Perspective: It is completely misleading to make such

a comparison. The destructiveness of an atomic bomb
depends on its ability to release energy instantaneously.
There is no way that LNG can be made to release its energy
instantaneously.

An LNG tanker holds about the same energy as an oil tanker with
the same cargo capacity. To release its energy LNG must

be vaporized, mixed with air, and burned; all of these steps
occur at slow, predictable rates. For instance, in studies

of hypothetical LNG vapor clouds, much of the gas is not
sufficiently mixed with air to even burn. An instantaneous
release of all the energy is not even theoretically possible.



References: See Testimony of Mr. David Burgess, U.S.
Bureau of Mines, before the FPC in Docket #CP73-132 et al,
Volume 62.

Raj, Phani P. K., and H. W. Emmons, "On the Burning of a
Large Flammable Vapor Cloud," paper delivered at joint
technical meeting of Western and Central States sections
of Combustion Institute, April 21-22, 1975.

Potential for Explosions/Detonations

Issue: Dr. Edward Teller, in his report to the Energy
Panel of the Commission on Critical Choices, claims that
LNG safety is questionable because an "explosion" cannot
be ruled out by simple arguments in a general and con-
vincing manner.

Perspective: First, it should be made clear that the
word "explosion" can have several meanings. In one
case a fuel-air mixture may burn in a confined space
and generate sufficient pressure to blow the confining
object apart. This is the popular connotation of
explosion. There is also a type of explosion of much
greater severity called a "detonation" in which the chemical
reaction occurs at a much higher rate. This produces a
shock wave travelling at sonic speeds or faster which
can produce significantly greater damage than the
explosions of the first type.

All fuel-air mixtures, including natural gas (methane),

can produce explosions of the first type. While it is well-known
that gases such as hydrogen, acetylene, propane and butane
will detonate in the open air, repeated attempts to obtain
self-propagating detonations of unconfined mixtures of methane
(the principal constituent of LNG) and air have been un-
successful, even when large amounts of high explosives

have been used to trigger the reaction. In addition,

there are sound theoretical reasons as to why methane

is unique in this regard.

Laboratory tests with mixtures of air and methane, have
shown that detonation cannot occur except under artificial
conditions of high pressure or an enriched oxygen atmosphere.
In larger scale tests carried out by the U. S. Air Force and

by the U. S. Navy, shock waves from high explosives died
out in mixtures of methane and air at all proportions. In



field tests where LNG was spilled and the vapor cloud
ignited, it burned at a moderate rate. There was no noise;
it was more like a large grass fire than an explosion.

References: Nolan, M. E., "A Simple Model for Detonation
Limits of Gas Mixtures," Combustion Science and
Technology I, 57, (1973)

Vanta, E. B., J. C. Foster, and G. H. Parsons,

" Detonability of Some Natural Gas-Air Mixtures,"
Eglin Air Force Base, AFATL-TR-74-80 (1973)

Shipping Accidents

Issue: Critics suggest that a collison of a large
LNG tanker with another large ship could theoretically
produce a massive spill of LNG on water.

Perspective: Shipping risks have been reduced to a
minimum by a combination of operating constraints and
design features.

The U. S. Coast Guard regulates safety in U. S. coastal
waters. It has the authority to regulate the design of

all ships affecting harbor safety and has developed the
expertise in the LNG area to carry out this function.

It has been cognizant of the problems associated with

LNG for over twenty years and has been regulating the
design of LNG tankers for over fifteen years. LNG

tankers have a unique double-hull construction over five feet
thick, including the space between hulls, that gives them
much more resistance to penetration than an ordinary oil
tanker having a single-hull with only a one-half to one

inch barrier. There are typically five or six cargo
compartments to limit the size of a spill should an

accident occur and many other safety features. In addition,
the Coast Guard inspects LNG tankers prior to entry into

U. S. ports to ensure compliance with its regulations.

Under current operating conditions in the major U. S.
ports, the probability of a collison per trip is extremely
low. Statistics based on the historical record of large
ship accidents show that for fifty-three trips per year
into New York Harbor, the probability against a collision
is less than one in 100, 000 per year without special
Coast Guard regulations. The probability against a
broadside collision at a speed sufficient to penetrate



to one of the LNG tanks inside double-hull protection
is many times lower still.

For the passage of LNG tankers in U. S. coastal

waters, the Coast Guard has issued a comprehensive

set of additional regulations. The Coast Guard creates a
traffic-free envelope around an LNG tanker in a harbor
by stopping all meeting and crossing traffic within a
zone two miles in front and one mile behind the tanker.
This makes the chance of a collision resulting in a

spill of LNG essentially zero.

References: See Testimony of U. S. Coast Guard, before
the FPC in Docket #CP73-132, Volumes 42-44; statement of
Rear Admiral Benkert, USCG, before the Senate Committee
on Commerce, Hearings on Transportation of Hazardous
Materials, 14 June 1974,

LNG Spills on Water

Issue: Critics hypothesize that a massive spill of

LNG on water could lead to formation of a large,
flammable vapor cloud and further hypothesize that

such a cloud might spread several miles over a populated
area before ignition.

Perspective: Methane is lighter than air and ordinarily

rises harmlessly into the atmosphere. Only when it is still
cold will it remain in a low vapor cloud, as after a massive
spill into water with very fast, subsequent evaporation.

Even such a cloud soon becomes buoyant as it gathers warmth
from the air, water surface, and sunlight. In order to get

a large, flammable LNG vapor cloud travelling low over
inhabited areas, one must hypothesize a series of

sequential events, each of which is unlikely to occur:

1. A shipping accident occurs causing rupture
of an LNG tanker which is massive; '

2. The accident itself somehow does not ignite the
resulting flammable vapors;

3. Weather conditions are just right to minimize
dispersion and maximize vapor travel toward populated
areas;



4. No ignition occurs as the cloud encounters
large numbers of ignition sources when it first reaches
land.

Each of the above steps is extremely unlikely; the combination
of all of the above is virtually impossible.

The U. S. Coast Guard has issued rules that will eliminate
the first event; but even should one occur, they feel that
an accident leading to a massive spill would also cause
ignition of the LNG vapors released before they spread.

Even critics of LNG acknowledge that ignition over

populated areas is likely from sources such as autos

or homes; hence, it would be impossible for a cloud

to travel long distances without ignition. Some critics

have speculated that a cloud might travel sixty miles before
dispersing into the atmosphere. The distance a cloud travels
in the real world is determined by whether or not it encounters
an ignition source. In a shipping accident, the accident
itself is often an ignition source. On land, cigarettes,
automobiles, industrial processes, pilot lights in stoves

and heaters, switches, etc., are examples of the numerous

* ignition sources present.

Given the Coast Guard procedures that essentially
eliminate the chance of a collision and the virtual
certainty of ignition before a vapor cloud could overlay a
populated area, calculations of distance travelled by
hypothetical vapor clouds represent speculation that totally
distorts the real risks.

References: See Testimony by the U. S. Coast Guard,
before the FPC in Docket #CP73-132, Volumes 42-44.

Germeles, A. E. and E. M. Drake, "Gravity Spreading and
Atmospheric Dispersion of LNG Vapor Clouds," paper to
be given at 4th International Symposium on Transport of
Hazardous Cargos by Sea and Inland Waterways.

Storage Accidents

Issue: Critics also argue that large LNG terminals should
not be located in or near major population centers because :
of the risks of accidents involving LNG storage facilities.



Perspective: Storage of LNG in large tanks is an advanced
technology which has been validated by the National Bureau

of Standards. Modern storage tanks are made of materials
specially developed for cryogenic service. The tanks are
properly spaced and are surrounded by dikes which would

limit the spread of LNG in the unlikely event of a spill.

High vapor fences together with the dikes prevent the spread
of the cold vapor,. Automatic vapor and flame detectors and !
alarms give further protection.

There are over seventy-five modern LNG facilities in
operation. Not one has caused harm to the general public.
" The only recent accident in an LNG facility occurred in

a tank undergoing repair that had been empty of LNG

for over nine months. In that accident the wall insulation
caught fire and burned, aided perhaps by residual gas
vapors.

References: "Cryogenic Safety Review," a report by the

Cryogenic Division of the National Bureau of Standars to
the FPC (1973).

Natural Phenomena

Issue: Could natural phenomena such as hurricanes and
earthquakes threaten the integrity of LNG ships or storage tanks?

Perspective: The likelihood of hurricanes or earthquakes
hitting a particular location is extremely low. Land-based
LNG facilities are designed to withstand earthguakes and
hurricane force winds. Furthermore, no large vapor cloud could
form in highwind or rain.

LNG tankers, while unloading at the dock, are capable
of rapid debarkment to ride out the storm at sea in the event
of weather alerts from the Coast Guard or Weather Bureau.

References: "Cryogenic Safety Review," a report by the
Cryogenic Division of the National Bureau of Standards to
the FPC (1973).

Testimony of T. Kavanagh before the FPC in Docket
#CP73~132 et al, Volume 7.

Testimony of U. S. Coast Guard before FPC in Docket
#CP73-132 et al, Volumes 42-44.



REGULATORY PROCEDURES

Several federal agencies are involved in the regulation of LNG. The
Federal Power Commission (FPC) has jurisdiction over the importation
and interstate sale of LNG and on this basis has examined safety
issues. The FPC has consulted with other agencles, for example the
National Bureau of Standards, to review the safety of LNG marine
terminals. The Department of Transportation, acting through the

U. S. Coast Guard and the Office of Pipeline Safety, has expertise in
ship design and operation and has authority over LNG ships and cargoes
in harbors. The Coast Guard is confident that safety will be maintained.
The Office of Pipeline Safety has adopted standards for LNG facilities.
The U. S. Maritime Administration has awarded subsidies under programs
for the construction of LNG ships. Clearly there is no regulatory gap

in LNG safety. :

CONCLUSION

There has been enormous and widespread effort devoted to making LNG
operations absolutely safe. LNG operations are a proven technology
which has been fully reviewed and is comprehensively regulated. The
time has come to put this technology to work to help relieve the
critical shortage of natural gas.
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White House in which the Vice President is alleged to have
expressed grave concern about the dangers of LNG, An after-
math of that article is a release by New York State Senator
John Marchi. A copy of the article and the release are
attached., The Vice President also apparently expressed
grave misgivings about the importation of LNG and the safety
aspects of such importation at a meeting with certain repre-
sentatives of the gas industry held on April 1lst. Enclosed
is a copy of a report of that meeting., You will note that
it assumes that the Vice President's concern is based very
heavily on a report of Dr. Edward Teller to the Energy Panel
of the Commission on Critical Choices in America.

From the enclosures, I believe you can understand,
John, why they feel an effort must be made to present the
information they have with respect to the safety factors in-
volved in handling and transporting LNG. I can assure you
that they can speak very authoritatively with respect to
all aspects of LNG and they certainly are well versed in the
safety factors.

It is not my intention to use this letter to
discuss or argue about Dr, Teller's views and those expressed
by the Vice President. To assure you, however, that there
are studied judgments that LNG can be handled and transported
in a safe manner, I am enclosing a copy of a letter which I
think you will find very informative on the subject. The
President of the Borough of Richmond, City of New York, had
written the United States Coast Guard concerning the safety
of an LNG installation on Staten Island and the associated
waterborne delivery of LNG. The enclosed letter is a copy of
the Commandant's re?ly to the Borough President. You will
note the Commandant's conclusion that "on the basis of stud-
ies carried on since 1968, the Coast Guard believes that our
present knowledge of its hazards and the present controls
exercised over its movement and handling are sufficient to
assure safe importation by water".

I do hope that you will be able to advise me at
an early date as to the time when Mr. Cabot and Dr. Meghreblian
can meet with the Vice President and/or Mr, Cannon.

Sincerely,

Enclosures
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