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OF THE IMPORTATION OF LIQUIFIED NATURAL GAS
*
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ABSTRACT

Release of LNG from controlled containment, whether by accident,
sabotage, or act of war, presents a number of unique safety hazards.

There are at least four main research areas that must be addressed in

developing estimates of the risk to population and property of impor-
tation of large quantities of LNG. Here we examine the available
research approaches directed toward one of these, the assessment of
the possible release scenarios and in particular their associated
probabilities. Criticism on certain of the assumptions and results
made by some of the previous work in this area is discussed and
because much of the work available to date is insufficient and in-

complete in assessing the risks, the character and need for more

research is discussed.

*
The work leading to the writing of this Paper was done under a

Rand-sponsored research grant. The assistance of R. D. Doctor, W. S.

King, and F. W. Murray is appreciated.






INTRODUCTION

Accidental spillage of liquified natural gas presents a number of
safety hazards. Estimates of the risk of operation of large scale impor-—
tation facilities must be based on knowledge of the various possible acci-
dent scenarios and estimates of the probabilities of each. One of the
more hazardous scenarios involves spillage of LNG in the harbor
on water with subsequent boil-off and atmospheric dispersion. The adequacy
and appropriateness of scientific models and experimental validation used
to predict the extent of the hazard has been a point of contention between
engineers and scientists studying this hazard.

The physics of spillage on water is a complex fluid boiling with a
vapor film between water and LNG acting to regulate the flow of heat.
While small scale spill tests have been conducted no large spills have
been made and models constructed to predict the nature of the boil-off
have not been adequately validated. Furthermore, the experts have pre-
dicted significantly different boil-off rates using the various models.
The rate of vaporization and characteristics of the vaporized LNG is an
important input in determining the nature of the atmospheric dispersion
of LNG vapor.

Dispersion models have been used to predict the size, temperature,
concentration and motion of the cloud from the time and place of origin
until it is so completely mixed that no hazard exists. The research con-
ducted in this area has similarly led to conflicting (orders of magni-
tude) estimates of the distance the hazardous region extends from the
source. The differing models, their limitations, and a proposed approach
to incorporate the unique features of LNG dispersion afeall discussed in

a paper by Murray.(l)
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As an example of the disagreement existing concerning the range of
2 . . .
the hazard one finds that Feldbauer( ) estimates the distance in a stable

5 mph to the limit of the flammability to be 21,000 feet for a 4000 cubic
(3

meter spill. Prof. James A. Fay from M.I.T. predicted a distance

similar to Feldbauer with the same spill and over 20 miles for a 25,000
cubic meter spill. Under similar conditions, 17,000 ft limit is pre-
dicted for a spill of 100,000 cubic meters in the Environmental Impact
Statement prepared for the Distrigas and Eascogas LNG terminal in New

York.(a) The U. S. Coast Guard(s) feels that fifteen miles is a better

estimate, for 100,000 cubic meters the distance possibly even further if

consideration is given to local concentration.
6 . ‘ s .
D. S. Burgess( ) summarizes the controversy in his Table 2 listed below.

Table 2--Distances (Feet) to End of Flammable Zone for Various
Spill Sizes Under Stable Atmosphere

Spill Size .
(cubic meters) MITS BuMinesP APIC FEIS(4)
100,000 670,000 400,000  (74,000) 17,000
25,000 300,000 >200,000 37,000 —_—
5.000 120,000 >90,000  (17.000) 4,500

1.000 53,000 >40.,000 (7.400)
100 13.000 2.600 (2.300)
10 3,000 >4.000 -

Sources: a) 'The Dispersion and Ignitability of LNG Vapor Clouds," by David

Hughes Lewis, Jr., Master of Science degree thesis, M.I.T., June
1974

b) "Hazards of Spillage of LNG into Water," by D. Burgess, J. Biordi
and J. Murphy, Final Report on Supporting Investigation for U.S.
Coast Guard, MIPR No. Z-70099-9-12395.

c) "Spills of LNG on Water," by W. May, W. McQueen and R. Whipp, pre-
sented at Conference of American Petroleum Institute, May 17, 1973,
Philadelphia, Pa. The figures in parenthesis are crude extrapola-
tions made by Burgess of their estimate for a spill of 25,000

cubic meters.
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For the same spill of 100,000 cubic meters, the predictions of the
limits of flammability range from 17,000 feet to 670,000 feet. He con~
cludes that "Obviously, there has to be something quite wrong with some-

1" (6)

body's calculations.
At issue is whether the vapor cloud formed by the boil-off gains any

positive buoyancy during its contact with the Wétef, or if it rises off

just enough to lose conductive contact with its heat source to become

neutrally buoyant. Furthermore, the limits of flammability argument

centers on the natural variability of gas concentration. Although the

average (time or geometrical) concentration may be less than the 5 per-

cent for a flammable mixture, natural randomness occurs making hazardous

flammable regions even when the average concentration is less than 5 percent.
The third major research area in assessment of the risks of LNG is

the impact the cloud of vapor might have on property and people in the

vicinity of the LNG importation terminal. Evaéuation plans are usually

part of such an analysis and none have been examined directly in the LNG con-—

text. Such plans have been used to reduce the population under risk in studies

to site nuclear reactors. Criticism in the nuclear field has been made in

this fégard because the claimed evacuation was never demonstrated as

physically possible nor were proper instructions given to those in the

evacuation zones. Thus evacuation as a means of reducing risk seems to

be too optimistic.
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Ignition and resulting fire which usuallybufns béck to the source is
a major factor in determining the hazard to property and people. Virtually
no effort has been made to determine where and when a cloud of. vaporized
LNG might ignite. Most researchers have assumed ignition would occur during
significant release of LNG but no research has addressed this important open
questidn.(4) A burning spill is of almost no hazard to the innocent population
but obviously causes significant destruction of the ship or facility from
which the spill originates. One of the most interesting questions is the
burn/no-burn decision option that is available to these charged with main-—
taining safety. Possibly because there has been no conclusive research on
the dispersion of LNG vapor cloud, the burn/no-burn decision problem has not
been formally addressed. Speculatively, one can imagine a situation where
the cloud is moving into a populated area and a decision is made to sacrifice
the ship and/or facility by igniting the spreading cloud.

We have touched on three major research areas and their problems but
a fourth area, that of estimating the possibilities and probabilities of
LNG release, is of primary interest here. The problem of estimation is
compounded by a changing technology and improving (hopefully) operating
procedures. Past experience and even predicted improvements are hard to
weigh in developing the necessary release sizes and probabilities. However,
several researchers both independent and industrially supported have attempted

to come to conclusions concerning these aspects of the overall risk assessment.
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Criticism has been leveled by the various parties on underlying assumptions
and methods. The result is that there are significant (orders of magnitude)
differences in estimates of probabilities. Here we review briefly the
available data and evidence concerning the possibilities and probabilities
of LNG spillage, outline the factors and various ways of making these esti-

mates, and describe some of the criticism of the various assumptions and

approaches.

CLASSIFICATION OF SPILLS

Spills can be caused in an almost countless number of ways. Ship
collisions and groundings, sabotage, natural disasters, design faults,
construction or fabrication error, human error are a sample. The source

of the spill as well as its cause is another determinant of the subsequent

progress of containment and control.
In or near harbor the tanker can cause a release on water of

1) Cold dense vapor through safety vents from overpres—
surization of the LNG tank.

2) LNG through piping, hoses, vents, compressor, or pumps.

3) LNG through a crack in the tank. Thermal stress failure,
fabrication defect, collision, sabotage are all possible

causes. ‘
4) LNG from all tanks. Sinking would cause rupture of tanks

due to the heating of the LNG.
Shore facility release of LNG on land can be caused by
1) Failure or mismanagement of piping, hoses, pumps, etc.
2) Structural tank failure.
3) Release of cold dense vapor through safety vents from
overpressurization.
On land most facilities will be diked for containment and control of spills.
Water trapped within these dikes during storms, etc., could cause more rapid

vaporization of land spills, but for the most part in these land spills
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even while the initial vaporization is high, the quickly frozen ground
acts as an insulation and later boil-off proceeds more slowly. Control

techniques such as introducing a chemical foam blanket further reduce the
boil-off and can allow the vapor to warm sufficiently to have positive
buoyancy.

Spills at sea are locally hazardous but evaporation is rapid and
atmospheric mixing occurs before the gas reaches land. Ignition and the
resulting fire would cause some damage to the ship or ships involved.

The quantity of release is the time integral of the rate of release.
For the most part, the total quantity of LNG is the primary factor in deter-
mining hazard. Obviously the rate has an impact on the formation of the
vapor cloud and its subsequent drift, but its inclusion in accident pheno-
menology so complicates any model of the physical phenomenon and the
mathematical analysis that many have assumed for a first approximation that
quantity is the sole determinant of this hazard.

One of the unique problems with transporting LNG by sea is that
if a ship is disabled or grounded, it is unlikely that the cargo can be
offloaded into another ship. The only safety hazard in choosing a site
for the shore facility is if the grounding were to occur in or near the

ship's terminal or harbor, slow release of the cargo would be necessary to

*Dr. J. A. Fay in testimony given before the FPC(7) in December 1973
said about the time span of the release, "As long as the time to evaporate
is shorter than the time for the vapor cloud to become neutrally buoyant,
then I believe the .. time is not a significant factor in the .. hazard."



avoid overpressurization. It seems unlikely that slow releases could not
be controlled and unlikely that they contribute any significant component
to the overall risk of importing LNG.

Spills are necessarily classified by size as well as origin and rate.
Magnitudes of spills can vary from the entire ship (130,000 cubic meters is
currently the maximum size planned) and the entire shore facility (Pacific
Lighting's proposed Los Angeles Harbor facility is to have two 550,000 bbl
tanks or about 175,000 cubic meters maximum in storage) all the way down
to scarcely measurable quantities. One could consider five ranges of spills
simply based on order of magnitude.

Cubic Meters
1) 0-10
2) 10-100
3) 100-1,000
4) 1,000-10,000
5) 10,000-up
A probability distribution in terms of yearly (or per trip, etc.) rates

by release size category and origin is desired, but virtually unestimable

at this level of refinement from information currently available.

METHODS FOR ESTIMATION OF SPILL PROBABILITIES

The best way to estimate spill probabilities is to use the operating
experience of LNG tankers and facilities that is available. History of
LNG vessel operations begins in 1959 with the Methane Pioneer. There are
now about 14 vessels in the world LNG fleet and combined experience of more

than 800 voyages. Throughout the 14 year history there has been no signi-

ficant accidents.



There are three reasons why such a simplistic approach would be in
error. These fifteen years of operating experience were with ships whose
average size carried 50,000 cubic meters, about one-third of the capacity
of currently planned ships. Using the available data to make safety state-
ments about the new tankers is an extrapolation that has not yet been justi-
fied. Arguments can be made claiming the bigger ships are safer because of
improved technology and operatingstandards, as well as more dangerous because
of a lack of maneuverability, engineering design changes, etc. No well
argued case has been presented to indicate how accurate these predictions
based on operating experience of fifteen years (50 ship years) might be.

Secondly, the lack of any significant LNG accident during this period
is consistent with a wide range of probabilities. The Environmental Impact
Statement(4) prepared for the Staten Island LNG terminal reports an estimate
of 2.144 x 10—7 as the probability of a serious LNG accident in each trip.
If these numbers also apply to the 800 voyages during the last 15 years,
the probability of no serious accidents occurring is .99983 and of one
serious accident about 1 in 6000. If the accident probability were signifi-
cantly greater, say, for example 2.144 x 10_4, then the probability of no-
accident is still greater than .84. Thus, current operating history is
consistent with an estimate 1000 times more likely than stated in EIS.
Testimony submitted by Professor Fairley in hearings held by the FPC on the
EIS(S) pointed out that "the record, while consistent with very low values,
does not prove that the values are low."

The third reason that can be argued for the inapplicability of existing
LNG operational data is that these probabilities are site dependent. Each

harbor has unique weather, geographic, and oceancographic characteristics



as well as different competing traffic of tankers, cargo vessels, fish-
ing boats, etc. Any estimate of probabilities is thus very site dependent
and any conclusions drawn from world operations of similar vessels will
be erroneous estimates for a particular local. Decisionmakers must have
estimates of these probabilities in choosing among various candidate sites.

A second set of data which may be relevant in our attempt at estimating
LNG accident probabilities is the operating history of the 120 or so liqui-
fied petroleum gas carriers operating throughout the world in 1972. While
presumably some of the same technology and operating care are used in LPG
tankers, the average tanker size is smaller than the existing LNG fleet and is
about 1/4 the displacement of the LNG tankers planned for service in the
next few years. Thus careful study of the relevant operations and factors
must be made before any release estimates are transferred to LNG operations.
The EIS(4) prepared for the Staten Island, New York, installation of Distrigas
and Eascogas Companies makes no mention of this possible means of estimating
the risk factors of LNG. Criticism of using statistics from LPG carrier
operations can be made similar to using the LNG experiences to date.

The approach taken by researcher preparing the Environmental Impact
Statement(4) was to use the considerable data on crude oil spills. Sta-
tistics are available for each of the harbors in the United States from
the U.S. Coast Guard. The Maritime Administration, Army Corps of Engineers
and individual harbor commissions maintain similar files for accidents,
accidental releases, and on the frequency and size of tanker landings.
Crewmen and operators on LNG vessels will come from the oil tanker industry
and ships are of similar size and shape, except for draft. (Supertankers

are similar to LNG tankers except in the draft; 60 or more feet vs 30 feet).
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The differences in release probabilities between conventional or
supertanker oil vessels and LNG carriers remains a point of disagreement.
Once a spill of LNG occurs is it as likely to be or remain small? Are
there special problems that aggravate the spill? The release of cyrogenic
liquid into a contact with the hull may cause brittle fracture and fur-
ther aggravate the problem and accelerate the release. Because of the
knowledge of the hazard, small releases may be uncontrolled and worsen the
situation as the crew panics and/or abandons ship.*

Additional equipment, training of the men on board, and general accent
on safety in design, construction, and maintenance will undoubtedly help
to improve the safety of operating LNG import facilities, but whether this
makes an inherently unsafe operation just as safe, more or less safe than
crude oil tankers, is a completely open question. The EIS used the analogy
with crude tankers and claimed that engineering design improvements reduced
the probability of a serious LNG event by a factor of 5. Furthermore, the
fact that the tanks do not run the whole length of the ship (only 2/3),
yields another factor of 1.5. Only one collision in a hundred is judged
to produce a serious LNG spill. Improved navigation and positive control
such as air traffic control over movement of LNG vessels is predicted to

decrease accident probabilities by another factor of 5. All of these

improvements are speculations scientifically unsubstantiated in the EIS.

*In Noel Mostert's book Supership, Knopf, 1974, pp. 376-7, he
describes an LPG tanker collision after which the crew abandoned ship even
though no fire or sinking actually transpired. The empty ship drifted ashore.
Later during salvage and transfer of the cargo a hose sprang a leak and a
vast cloud of gas formed. The captain of the ship recelving the gas cargo
steamed away rupturing hoses and pipelines, increasing the hazard.
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In fact the U.S. Coast Guard has predicted that additional precautions
taken within harbors to put all ships under a traffic control system will
reduce collisions and groundings by a factor of only 2.(9)

0il operation spill sizes averaged 13,000 bbl, considered a spill of
high magnitude. A majority of spills, 86 percent, contributed but 17 per-
cent of the total release.(lo) This indicated the distribution of spill
size is skewed to the right, with many more small spills and a few very
large spills significantly larger than the average. If this skewed per-
formance can be transferred to LNG operations one could expect most spills
to be quite small with only a few catastrophic ones. Based on the skewed
distribution, we might want to aggregate LNG spills of 1000 cubic meters
or less to a category of minor spills. Instead of the five order of magni-
tude categories suggested earlier, use just two.

Use of crude oil .tanker statistics is fraught with difficulties already
mentioned. To date no significant attempt has been made to justify element
by element the comparisons that one would like to make. With little else
to go by, analysis of the appropriateness of such comparisons seems crucial
to estimating LNG release probabilities.

Finally, one last source of an estimate of these elusive probabilities
is the insurance industry. Insurance rates for oil tankers when compared
with the rates for LNG tankers should indicate how the insurance under-
writers have weighted the existing safety record of oil tankers with a
projected record of LNG tankers. In contacts with underwriters in the 0il
Insurance Association(ll) we find that LNG is viewed as a "shade more

hazardous'. Rates are quoted in yearly costs as a percentage of dollar

cost of the vessel. The rate for LNG tankers is about 80 percent of that
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for crude oil vessels, but because the ship of equal size is from 50 to

100 percent more expensive the premium is higher. One would expect and

even hope that rates such as these are set based on a careful analysis of

the factors of safety and unique hazards conducted by some semi-secret
research group in some of the large insurance companies. Apparently, this

is not the case. These rates are based on educated guesses made ultimately
by experienced insurance executives with the help of reports from consultants
and the o0il industry. Many of the safety features incorporated in the

design of the shore facilities and tankers have been added because of the
insurance industry studies and recommendations of their consultants.

In any insurance business the higher the uncertainty on the risk the
higher the premium. Thus, during the early phases of operation of LNG
importation facilities, the rates are likely to be higher than indicated
by simple expected values. As operating experience is gained, and more
data seen, the insurance rates will be adjusted to reflect more accurately
the expected loss rates and so the true probabilities or risks. Because of
the initial bias that LNG is a '"shade hazardous" as indicated by these
early estimates, we must conclude that the insurance industry feels that
the loss rate in dollar terms will be about that of the crude oil trans-
portation business.

iéwghould be noted that these rates mentioned afe rates for loss of
the hardware and construction costs only and do not include 1liability for
personal or property losses. Study of the LNG terminal operator's liability
insurance could be made to estimate the potential liability risks. If, in-
deed, the hardware loss rate in dollar terms is nearly equal to the crude

0il loss rates, and as has been suggested by both industry consultants and
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intervenors, the LNG spills present an unusually high risk, one must con-
clude that remote siting of LNG facilities is the only rational choice of
sites.

Furthermore, although we offer no statistics as proof, the insurance
underwriting business can and has been wrong in the past. In offering
initial rates to LNG operators, a company may want to get in on the ground
floor of the new and expanding field, knowing that althoﬁgh they may suffer
an initially higher loss rate than they expect, in the long run rates will
be raised and loss rates will be reduced as operating experience is obtained.

One of the most important elements of safety analysis of LNG operations
has for the most part been ignored by the researcher. Sabotage and acts of
terrorism have, unfortunately, become significant possibilities even in this
country. Who would have thought in preparing an EIS for commercial jet air-
craft in the late 1950's that the hijacking of jet aircraft would become so
frequent an occurrence as it did in the 1960s? The EIS virtually ignores
this possibility as ever occurring in LNG operations. The researchers
who conducted the analysis are not alone in their oversight. Environmental
Impact Statements prepared for offshore drilling and the Washington Atomic
Safety Hearings Report 1400 (Reactor Safety Study by N. C. Rassmussen)(l3) at
best only mention sabotage and fail to include it as a compoment of prob-
ability.

Many analysts believe that such acts of terrorism and sabotage con-
tribute significantly more probability to many of the risks of operation
than does the inherent design and operation. An example of the dominance
that sabotage can make in estimation of probability is presented in testimony

given by W. B. Fairley.(s)
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"Let me give you an example from a very different context to illus-
trate this point. A royal flush, consisting of an ace through ten
all of one suit in a dealer's poker hand has a small probability,

but the chance that such a hand is the result of cheating would
sometimes be accorded a much higher probability. Thus, what is the
chance of seeing a royal flush in the real world? It is the chance
of seeing it arise naturally or arise from cheating. The chance that
it arises is going to be equal to the sum of the probabilities as-
signed to the two events, if we use the most natural assumptions.

.+..1f every hand were equally likely to be dealt, then the dealer

would have a chance in 649,740 (.00000154) to get a royal flush.

Now suppose that cheating was given a probability of 1 in 10,000.

What is the probability of a royal flush? Tt is equal to 1/10000

plus 1/649740 which is a little over 1 in 10000."

The point is that the cheating probability in the poker hand domi-
nates the probability just as sabotage could dominate the probability of
tanker sinkingat berth in an LNG terminal. TFairley refuses to speculate
on the absolute magnitude of such probabilities but points out "that the
probability of an unconventional or unexpected event is not well determined
does not mean that it is zero." Unfortunately, this assumption seems to
have been made by researchers assessing the LNG safety, nuclear safety,
and offshore drilling, just to name a few.

Another important technique omitted in research conducted so far is
the inclusion and subsequent analysis of error bounds or confidence limits
placed on each of the point estimates of release probabilities and con-
tributing subsystem events. These bounds represent, for example, the 90
percent confidence interval within which the true estimate of the probability
will fall. 1In reliability analysis a log-normal distribution for the esti-
mated probability is generally assumed. Typical of such uncertain analysis
(13)

is the reliability work contained in the Reactor Safety Study. When

a series of events must transpire in order that a larger catastrophic event
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occur and probability estimates and confidence intervals for the series

of events are obtained, the proper combination of each of these to obtain
the probability and confidence interval for the catastrophic accident must
include careful analysis of possible statistical dependencies that may
exist. In such complex systems, where analytic expressions cannot be cal-
culated, Monte Carlo simulation techniques can be used to determine these
estimates.

An example of the error in failing to include such dependencies is
manufacturing defects. Parallel pressure relief valves provide redundancy.
If these valves have a failure probability of 10-3 per year with error bounds
of 90 percent confidence of 10”2 to 10_4, then the composite estimate of

failure (if the operation of one valve is sufficient to relieve pressure)

4 .586 10—7.414.

would be 10—6/year, with error bounds of between 10 and

Tf the valves were of identical manufacturxe and principal components of failure
were some manufacturing fabrication error or design defect, the valves

could have totally dependent failure rates. In this case the proper error
bounds would be lO—4 to 10—8. While this may not seem like much difference
from the independent failure assumptions, consistently ignoring dependent
failure modes in complex systems will lead to a significantly over-optimistic

estimate of confidence in the ultimate estimate of total system failure.

CONCLUSIONS

The Environmental Impact Statement prepared for the LNG terminal in
Staten Island, New York, is one attempt made to estimate the risk of
LNG operations. Most of the assumptions are wholly unsubstantiated.

Even where data does exist, such as LPG operations, it was
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not incorporated. Insurance rates were not discussed. Thus many of the
probability estimating approaches mentioned here were not used. Criticism
has been leveled by intervenors and public interest groups in all aspects
of the EIS; the spread of the vapor cloud, the risk to property and people
of such a cloud, and the accidental release probabilities.

The Center for Envirommental Quality funded a design study which was
done at Ecosystems, Inc. a2z) to devise a methodological procedure for
risk analysis of liquified natural gas operations. The report of the work
indicated that "fault tree analysis" could be used here. In fault tree (also
called event tree) analysis, all conceivable faults (and also events) are
analyzed to see what could have caused the fault (see what the event might
initiate). A backward (and a forward) in time analysis is conducted of all
conceivable accidentaloccurfencesbroken down by the elementary component
contributions. Dependent probabilities of failures, failure rates of the
components, etc., are important data parameters. Monte Carlo simulation
and certain probabilistic approximations are used to estimate the probabili-
ties of the larger events. Reliability engineers have used such an approach
in the ballistic missile, the Apollo moon program and aerospace industry
and in the Reactor Safety Study conducted by a group headed by N. C. Rassmussen
of MIT. The latter study took two years and a reported three million
dollars.(lB)

Fault tree analysis was intended by developers to 1) compute the
safety of a complex system, 2) to assess the changes in system safety when
elements within the system are changed, 3) retrospectively find the failure

causecd from any actual system failure, and 4) document with evidence that a
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safety analysis has been performed. Experience within the aerospace in-
dustry has found that fault tree analysis is not a satisfactory tool for
estimating the system reliability nor for assuring any completeness of a
reliability analysis. Fault tree analysis has proven useful only in items
2 and 3. Evidence supporting these conclusions is very strong. Use of the
fault tree methodology in the Reactor Safety study for estimating system
reliability and in concluding that a complete safety analysis was conducted
has been strongly criticized.(la) The proposal for using the same methodology
in the risk analysis of LNG terminal operations put forward by Ecosystems,
Inc., can be criticized on this same basis. During design of safety systems,
backup redundancy, and operating procedures, this methodology would be useful
in improving the system's safety. Fault tree analysis has proven to be a

good relative measuring technique, but is poor at establishing the absolute
numbers so crucial to policy level decisionmakers.

It is clear that the systems safety research necessary before LNG
terminals proliferate is just beginning. Such a safety analysis must include
a composite of most of the probability estimation approaches mentioned here.
The place for fault tree analysis in the prospective safety study of LNG
operations is unclear. While catastrophic acéidents can occur, they seem
only to require remote siting virtually to eliminate any hazard to innocent
property and people. Unconventional events, such as sabotage, can be mini-
mized at remote sites. Once adequate safety analyses are available and
more operating experience has been obtained, then the question of siting

in inhabited areas such as in conventional harbors can be again addressed.



()]

i

10.

11.

12.

13.

14.

-18-

REFERENCES

Murray, F. W., "Atmospheric Dispersion of Vaporized Liquified Natural
Gas," P-5360, The Rand Corporation, February 1975.

Feldbauer, G. F., et al., "Spills of LNG on Water, Vaporization and
Downwind Drift of Combustible Mixtures," Esso Research and Engineer-

ing Company, November 1972,
Fay, J. A., Testimony before the FPC on Docket CP73-47 et al., held
in Washington, D. C., November 28, 1973, pp. 3011-3014.

Final Environmental Impact Statement for the Construction and Opera-
tion of an LNG Import Terminal at Staten Island, New York, Docket
Nos. CP73-47, CP73-88, CP73-132, CP73-148, CP73-230, CP74-122, Vol.
1 and Vol. 2, Federal Power Commission, July 1974.

Price, R. I. (Capt.), Acting Chief, Office of Marine Environment and
Systems, Letter submitted as comment to the EIS, October 24, 1973,
in Vol. 2 of the EIS.(%4)

Bﬁféééé, ﬁ. A., Prepared Direct Testimony before the FPC, see Ref. &,
March 1975, pp. 6964-7000 transcript of testimony.

"Fay, J. A., Testimony before the FPC on Docket CP73-47 et al, held

in Washington. D. C., December 12, 1973, pp. 3178, 3208, 3210.

Harvard University, Testimonzvsubmitted to the FPC in hearings on the
Eascogas and Distrigas EIS,( ). on behalf of Union Concerned Scientists
as "Direct Testimony of Intervenor,' February 4, 1975.

U.s. Senate,"Deeﬁwater Ports Policy Issues," Hearings before the Com-

mittee on Interior and Insular Affairs, April 25, 1972.

Porricelli, J. D., et al., "Tankers and the Ecology," Proceedings of
the Society of Naval Architects and Marine Engineers, New York,
November 1971.

Personal Communication with Elton Kunkle, The 0il Insurance Associationm,
Los Angeles, California, September 1974.

"A Methodological Procedure for the Risk Analysis of LNG Operations,"
Ecosystems, Inc., McLean, Virginia, April 15, 1974, submission in
fulfillment of contract with Center on Environmental Quality.

Reactor Safety Study, An Assessment of Accident Risks in U.S. Commercial
Nuclear Power Plants, WASH 1400, August 1974, The U.S. Atomic Energy
Commission.

Preliminary Review of The AEC Reactor Safety Study, The Joint Review
Committee-Sierra Club-Union of Concerned Scientists, Cambridge,
December 1974,



-19-

The following were not referenced directly.

1.

"Phenomenology of LNG Accidents: A Selected Bibliography," Ines Siscoe,
P—-5295, The Rand (Cornaration Sentamhar 1974

U.S. Coast Guard, "Tanker 0il Spill Probabilities," paper prepared
for the Council on Environmental Quality, in the U.S. Senate,
Deepwater Port Act of 1973, Joint Hearings before the Special Joint
Subcommittee on Deepwater Ports Legislation of the Committees on
Commerce, Interior and Insular Affairs, and Public Works, 93rd
Congress, lst Session, USGPO, Washington, D. C., 1974,

Fay, James A., "Unusual Fire Hazard of LNG Tanker Spills," Combustion
Science and Technology 1973(7), pp. 47-49.

Porricelli, J. D., V. F. Keith, "Tankers and the U.S. Energy Situation--
An Economic and Environmental Analysis,®ASME Publication 73-ICT-106,
June 1973, paper presented at Intersociety Conference on Transportation,
Denver, Colorado, September 23-27, 1973.

Murphy, John M. (Congressman), Testimony filed on the Draft Environmental
Impact Statement, Eascogas. and Distrigas installation in Staten Island,
New York to the FPC, October 19, 1973,

Fay, James A., Contribution to Direct Testimony of Intervenor, Union of
Concerned Scientists Funds, Inc., to FPC on Distrigas Corp. et al.,
Dockets CP 73-122 et al., see Ref. 4, February 4, 1975.
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