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introduction and
background

PROJECTED UTILIZATION AND SHORTFALL OF SUPPLY

In October of 1975 the vice-chairman of the
Federal Power Commission characterized the
nation's natural gas supply as being in the
Ycrisis” phase. He stated that the shortage
was "manifested by shrinking proved inventories,
declining productions, and increasing curtail-
ment of deliveries of firm . . . [commitments
to deliver] natural gas . . . by interstate
pipeline companies.” (Statement of Don 5.
Smith in Hearings before the House Subcormittee
on Public Lande of the Committes on Interior
and Imsular Affairs, 94 Cong., lst Sess.,
October 19, 1975, written statement p.1
[hereinafter referred tc as "Smith statement"].)
As of 1974, additions to proven reserves had
been less than natural gas production for
seven straight years and had been close to
equality for eight years preceding that
{American Gas Association data reproduced in
Table I, Id. at 3). When Alaskan reserves
and production are included with those of the
lower 48 states, the discovery of the Prudhoe
Bay reserves in 1970 makes that year excep-
tional. But despite the fact that 1970 saw
the largest addition to reserves ever, pro-
duction was at 22 trillion cubic feet (TCF)
and the additions-to-reserve-over-production
ratic was just a modest 1.7 (7d. at S).
Statistics gathered by the Federal Power
Commission from interstate pipeline companies
on Form 15 reveal a similar pattern in the
ratio. (Jfd. at 7). in 1974 production
actually started to decline and the pertion
of the production which reached interstate
pipelines declined substantially (by 9%) in
the two years from 1972 to 1%974. ({id. at 23.
The ecconomic realities underlying the dis-
proportionate decrease in supply to inter-
state pipelines will be explored more fully
in Chapter VIII, Deregulation of Domestic
Natural Gas, infra.

FPC staff estimated in an early 1975 study
that if present rates of reserve additiomn
continued through 1985 there would be a short-
fall, in terms of maintaining reserves against
projected production, of 151 TCF (Id. at 11).
The FPC's Staff Report No. 2 "Natural Gas
Supply and Demand 1971-1990" predicted a
demand of 34.5 TCF in 1980 and 38.8 TCF hy
1985. (Conference on LNG Importation and



Terminal Safety 279 (N.A.S. 1872)). Curtai:
ments of firm commitments through interstate
pipelines had risen to 1.7 TCF in 1974 and
it is probable that most of the users denicd
natural gas switched to high price imported
oil. (Id. at 12).

Measuring "probable" rescrves is more
speculative and estimates about Alaska range
from 15 to 54 TCF. These estimates suggest
that the total national reserves might be
enhanced by anywhere from 7% to 20% through
confirmation of gas deposits in Alaska alone.
Proven reserves in Alaska are distributed
between the Sadleroschit Formation in Prudhoe
Bay (20.53 TCF} and the Sag River Formation
{2 TCF), the Naval Petroleum Reserve No. 4,
both also on the North Slope (370 BCF), and
Cook Inlet Basin (5.9 TCF). (Statement of
Richard L. Dunham, Chairman FPC before
Senate Committees on Commerce and the Interior
and Insular Affairs, February 17, 1976,
attachment IV, 1-4).

The Canadian Petroleum Association as of
1974 estimated the proven reserves in the
Beaufort Sea-Mackenzie Basin at 4 TCF and
the reserves in the Arctic Islands to range
between 8.5 and 12.5 TCF (Jd. at 5-6).

There is also speculation that 10 TCF may be
discovered in the Alaskan outer continental
shelf in the next decade (Id. at 7 quoting
the report of Gordon Zareski, Chief, Planning
and Development Division, Bureau of Natural
Gas, FPC). Speculative estimates of future
discoveries in Canadian fields range from

124 TCF to 350 TCF (Id. at 14).

Production estimates for Alaska and Cana-
dian natural gas production during the period
1980 through 1985 would indicate a maximum
of around 16 TCF. Some of the North Slope
gas is associated gas (associated with crude
oil deposits) and thus may be reinjected to
maintain reservoir pressure in the early
years of development. This would tend to
decrease the previously mentioned production
estimate (Id. at 17-22).

Since natural gas sources include those
on other continents which cannot be imported
to the United States in a gaseous state via
pipeline, this discussion of supply shortfall
will be limited to U.S.-Canadian reserves
and production. The FPC staff attempted to
project shortfail in future years. Assuming
continued regulation of well-head price, the
possibility of LNG imports, but excluding
gas produced in Alaska, FPC staff estimated
a 19.5 TCF shortfall in the year 1985. To
the extent shortfall projections are based on
projections of demand at current regulated
prices, they may be unrealistic, but produc-
tion is also expected to drop. One measure

of the increasing difficulty in discovering
and producing natural gas is the finding rate
of gas per foot of well drilled. This has
been declining from a rate of 83! thousand
cubic fect per foot in 1967 to 104 MCF per
foot in 1973, (Id. at 36-37) (Comptroller
General's Report to Congress, Natural Gas
Shortage: The Role of Imported Liquified Nat-
ural Gas, 22 (1975)) An FPC curtailment study
of the 1974-75 heating season revealed that
the 16 interstate pipelines suffering the
gEreatest curtailments ranged from a low of
13.9% of requirements to a high of 42% of
requirements. Some of the pipeline companies
involved were Cities Service (24.8%), North-
west Pipeline (15.8%), El Paso (17%), Pan-
handle Eastern (16.4%), Columbia (21.4%) and
Transcontinental Gas (25.7%) (Id.at 38-39).
Curtailment statistics indicate that net
curtailments rosc from the 0.018 TCF in 1970
to 1.1679 TCF in 1974 (Comptroller General's
Report to Cengress, supra at 16),

SOURCES OF NATURAL GAS

Gas, like petrolecum is a hydrocarbon prod-
uct which is formed from the chemical proces-
ses operating on dead plant and animal matter
over the millenia of geologic time. Gas may
be found in the.same reservoir as crude oil
and may even be entrained with it in the
production process. Such gas is referred
to as "associated gas' or '“solution gas".
Other deposits of natural gas are entirely
separate from crude cil strata or reservoirs
and are usually older with respect to time
of origin. Such reserves are referred to as
"non-associated reserves." Most of the
foreign gas deposits, especially those in
Russia, Iran and Algeria are non-assocciated.
The third possibility is present over parts
of the Prudhoe Bay oil field where the natural
gases are present in a pocket or "cap" ver-
tically over the petroleum reserveir. Such
gas, although not technically "associated",
¢an be, and sometimes is, produced more or
less contemporaneously with the extraction
of oil.

Natural gas is itself a mixture of several
different gases with methane being the
principal constituent. Other gases found in
natural gas arc ethane, propane, isobutane,
N'butane and nitrogen. (Trident Engineering
Associates, Inc., Maritime LNG Manual 214
{July 1974)). At minimum quality, methane
represents 89% of the mixture, ethane slightly
over 7% and propane slightly over 2% (I4d.).
Natural gas is purchased from the producer
according to its heating quality, f.e., its
BTU content. Inputs which must be measured
to compute heating value are temperature,
volume and precise composition. The com-
position can be determined by a gas-liquid




spectrometer. Samples to be sent through
the spectrometer are taken from ar least ten
different locations within each tank on an
LNG carrier. The units of the heating value
are BTU's per standard cubic foot (Jd. at
213). The composition of natural gas from
different gas fields causes varlaticn as to
heating value and moisture content. Stored
liquefied gas from the same gas field can
vary in density with the coldest and densest
liquids settling to the bottom of the tank if
not agitated or replaced over time. Since
"heating value" is referenced to standard
cubic feet, allowances can be made for the
density variable., Prior to liquefaction,
natural gas is dehumidified so differences
in this inherent property doc not enter into
the heating value computations.

In addition to gas fields in Alaska and
Canada, natural gas is produced for export
in Algeria, Libya, Brunei and Indonesia.
North Seca gas deposits will soon produce gas
for the domestic markets of the United Kingdom
and Norway. In all probability this gas will
be piped in undersea pipelines in gaseous
form. Technical and engineering problems
are being solved rapidly and it is rcasonable
to expect work on such a pipeline to be under-
way by 1980, If this technology proves
practicahle it may be that it can he adapted
for a trans-Mediterranean pipeline from North
Africa to Europe. Other countries where
natural gas deposits are known to exist are
the USSR, Niperia, Iran and Saudi Arabia.
For want of transportation systems to deliver
the gas to markets, such gas is now either pe-
ing flared at the wellhead or is being rein-
jected {in cases of associated gas), or is be-

ing left in the ground. See also 111-112 infra.

THE ECONOMICS OF LIQUEFIED NATURAL GAS

Lven before the current energy shortage,
the technology existed for the liquefying
and storing of natural gas. This was done
in various locations in the United States on
a relatively small scale for gas fired
electric utilities or natural gas uvtilities.
In these applications it is economic to
liquefy pas delivered during times of reduced
demand and store in liquid form for revapor-
ization in periods of peak load when pipeline
deliveries would either fall short of demand
or would involve premium pricing.

The phases of the LNG cycle are essential-
ly production of the natural gas, liquefac-
tion, storage or transport, revaporization,
distribution and consumption. Details of
this ¢yele will be discussed in the succeed-
ing section. If the pas is from associated
gas fiecld production it may be viewed as a
by-product (with Iittle or no cost) once the

petroleum is extracted, or it may be viewed
as a product sharing joint costs with the
production of crude oil. For intra-state
consumer sales of natural gas the controlling
price element is usually the wellhead price.
The costs for dehumidification, odorization
and distribution are not overwhelming. When

“long pipe runs are involved, distribution

costs start to mount. If sales are directly
or indirectly through interstate pipelines
the wellhead price is regulated (&ee, Chapter
vll, 8 7 Certification and 3 4 Approval of
Rates, Juritadictiornal Igsues, infra). The
implications of regulated prices for domestic
natural gas are discussed in Chapter VIII
infra. When LNG is introduced because of
transportation across oceans or through
mountains (by cryogenic tanker truck) where
pipelines cannot be built, large additional
costs are incurred. The liquefaction process
is capital intensive and requires sophisti-
cated equipment and technicians. Liquefaction
facilities are located in seaports for
cbvious reasons. The gathering and trans-
portation lines that lead from the pas fields
to the liquefaction facilities may be of
varying length. For Alaskan production these
behind-the-plant pipelines may present legal
problems with regard to FPC regulatory
jurisdiction (see, Chapter VIT, § 7 Certifi-
cation and B 4 Approval of Rates, Juris-
dictional lesues, infra). Since tanker
loading is a discrete rather than a centin-
uous phenomena, some holding capacity in

the Form of storage tanks is reguired at
liquefaction facilities. These, too, are
costly. This is because of the insulation
required for thermal efficiency and because
of instrumentation and structural integrity
required for safety.

Liquefied natural gas is maintained at
temperatures in the vicinity of minus 260
deprees Farenheit. Such cryogenic temper-
atures would embrittle the steel in an
ordinary tankship and thus special purpose
vessels must be designed to carry the LNG.
In the second generation ships now being
built, the optimal economic size appears to
be between 120,000 and 165,000 cubic meter
capacity. A study underway at the Massachu-
setts Institute of Technology indicates that
the use of 300,000 cubic meter ships could
save nearly $22 million for each millien
cubic foot of gas carried in a typical year
over the second generation ship capacities.
This comparison uses a 15% discount rate
for present worth and only addresses capital
and operating costs for the vessels. How-
cver, such ships would have drafts of forty-
eight feet which would require dredging at
most berths or might require deepwater
(offshore) terminals. These facilities
might well be more costly than those required



for ships presently under construction. See
Marcus and Larsen, "U.S. Offshore Terminals:
If and When", p. 8§ and Exh. 5 (draft of paper
to be presented to S.N.A.M.E. in 1977). As
in the cargo tanks, there are the twin
problems of thermal efficiency and structural
integrity. The latter problem is complicated
by the dynamics of vibration while under way
and the usual ship motions of pitch, vaw

and rell. Nickel steel or aluminum tanks

and valving designed to withstand cryogenic

temperatures add to the costs of LNG carriers.

Operational performance requirements are sa
unique for cryogenic cargoes that each class
of vessel will incur substantial develop-
mental and design costs. Similarly, hardware
equipment, pumps, etc. used with cryegenic
cargoes are not invariably '"shelf items" and
a certain amount of custom manufacturing by
sub-contractors is involved. A reliable
source has estimated the cost of a 125,000
cubic meter carrier to be 140 million dollars
delivered in 1980. Additicnally, because of
the hazardous nature of their cargo, these
ships are equipped with many fail-safe
devices having elaborate instrumentation and
with complex clectronic navigational equip-
ment. CLCconomical aspects of NG carriers
include their short turn-around time and
their relatively shallow draft (36') which
give them wide versatility of destinations,

In 1972 estimates of the cost of trans-
portation were 8 cents per thousand cubic
feet per 1,000 miles. ({Gaseous volume mea-
surement used even though transportation
would be in liquefied form which occupies
only 1/630 of gaseous volume.} At the time
of these estimates the capital cost of the
carriers was approximately half of what it
is estimated it will be in 1980. Thus, if
anything, this figure is unrealistically low
for future deliveries.

Te illustrate the sizeable portion of
the ultimate price which is attributable to
ocean transportation of LNG, two recent pro-
jections are informative. FE1 Paso-Alaska
estimates that the unit transportation costs
of gas delivered from Frudhoe Bay fields to
the main E] Paso pipeline at Topcoc, Arizona
would be approximately $1.56 per thousand
cubic feet. (Statement of Richard L. Dunham,
Chairman, FPC, supra at 58.) Of course,
some porticn of this represents costs of
getting the gas from Oxnard, Califernia to
Topcoc, Arizona and across the width of
Alaska to Gravina's liquefaction plant. In
any event, it shows that transportation from
remote producing fields, especially when
that transportation includes an LNG carrier,
can be costly. The second estimate is from
Pacific-Alaska LNG Company and it is an
estimate of the delivered costs of vaporized

10

natural gas from the Cook Inlet area trans-
ported by LNG carriers to Southern California.
The estimate is $2.43 per thousand cubic

feet, or $2.40 per million BTU's. While this
is not seriously out of line with certain
other energy costs, it is far greater than

the FOB price Alaska and indicates that
transportation is a costly element of the
pricing of natural gas derived from LNG.
(Statement of Don 5. Smith, Vice-Chairman

FPC, in dearings befovre the Fouse Subcormittee
on Public Lands of the Cowmiitee on Interior
md Tnsular Affaire, October 9, 1975 at 36.)

At the receiving end, there must again be
cryogenic storage tanks, vented and monitored
with instruments to prevent such phenomena
as "roll over" or undue vapor pressures.
Additionally, there must be elaborate insu-
lated ship-to-shore piping and Chiksan arms,
or their equivalent, for unloading. Revapor-
ization and compression equipment 15 a neces-
sary item for the terminal operator in order
to convert LNG to a marketable (distributable}
commodity. Finally, adequate berthage and
transfer pipelines must be constructed.
Whenever heat or shaft horsepower 1s required
in any of these processes natural gas can be
utilized. This does not mean thatr the work
is done “for free" but simply that using gas
is usually the most efficient way to do it
and that the cost (Z.e., gas consumed) is
taken into account in determining the price
of the gas remaining to be sold. Some large
industrial customers have their own cryogenic
storage facilities and as to these customers
the importer may deliver by cryogenic barge
or tank truck without introducing the product
into a gaseous pipeline.

The projected E1 Paso-Alaska project
involves a 500 acre liquefaction plant at
Gravina Point in Alaska composed of a gas
treating facility, a dehydration unit, a
refrigeration and compression plant and the
storage tanks in additien to a 1200' pier,
Carriage would be accomplished by eleven
165,000 meter LNG ships. At the receiving
end in Southern California a 227 acre facility
would involve a 4600' offshore pier, insulated
storage tanks capable of accomodating two
simultanecus unleadings, vaporization equip-
ment and associated cryogenic pipelines
{Final Environmental Impact Statement [FEIS],
Alaska Natural Gas Transportation Systems,

I-B 29 (FPC Staff)). The cost of the overall
system as described above is estimated to be
7.6 billion dollars standardized at 1975

cost levels (Statement of Richard L. Dunham,
supra at 57). By an interesting contrast,

an estimate submitted only a few months
earlier in late 1975 for this project was
estimated to be only 5.5 billion dollars and
this estimate included a gaseous transportation



pipeline from Prudhoe Bay to Gravina Point,
but excluded the cost of the reception ter-
minal in Southern Californta. (Statement of
Donald S. Smith, Vice Chairman FPC, Hecrings
be fore the Subcomriitee or Public Leouls ¢f
the Houge Committee oun frioricr and Insular
Affaira, October 9, 1975, 94th Cong., 1st
Sess. at 31-32.)

Booz-Allen Applied Research undertook a
study of the liguefied Natural Gas Technology
and Transports System {MARAD Contract No.
3-36201) commissioned by the Maritime Admin-
istration. The study was completed in 1973
and is discussed infra in connection
with the estimated size of American flag
fleet of LNG carriers. As a part of this
study, Booz-Allen and its sub-contractor,
Manalytics, Inc. prepared a computer program
and various data arrays for computer memory
designed to be used by MARAD in evaluating
proposals for designs of NG carriers, LRG
trade routes, and the desirability of con-
stTuction and operating subsidies. The
principal output of the computer program was
a required freight rate in dellars per de-
livered cubic meter of LNG or in dollars per
million BTU's (Booz-Allen Applied Rescarch,
Inc., Analysis of LNG Marine Transportation,
Appendix It (13) (Nov. 1973)).

Other useful information revealed by the
Booz -Allen c¢omputer program would be the
total number of ships required in the fleet
and capital costs and operating costs for
ships and shoreside facilities (7d. )} J.J.
Henry and (o, was a consultant for purposes
of describing the specifications and operat-
ing characteristics of vertaln "generic”
ships which represent the standardized designs
for 75,000 and 125,000 cubic meter carriers
using spherical, freestanding, or membrane
tanks constrained to a thirtv-six footr drafr.
A bidder can then test various trade routes
against generi¢ ship performance and costs,
or it can offer changes for numercus variables
in the generic ship design., A semi-permznent
data file not only stores data applicable
to generic ships, but also allows the uscr to
input parameters for a specific preposal such
as LNG density, changed steel costs, reduced
crew costs, etc.  See Appendix Exh. 31.
Parameters and coefficients for various re-
gEression equations on ratce of interest, port
costs and depreciation can be entered into
these arrays. Frequently empirical data has
been studied and an equation has been deve-
loped of the form a + L(VI%, wheve "a” is a
constant (intercept), "W is a coefficient
and "c¢" is the exponent with V being a vari-
abie which can be input for any particular
proposal. Capital recovery factor computa-
tions assume straight-line deprcciation,
equity financing, and a specificd rax rate.

Id. at D{22)). The Institute of Gas Tech-
nology provided data on shoreside facility
costs as a function of storage capacity in
cubic meters (Jd. at D(23)). Using a two port
approximation of a multiple port cyclice
cueing theory model and reasoning that extra
berths are only useful te the extent that
there 1s sufficient storage t¢o unload a berthed
vessel, economic indifference points can be
computed, At such peints the cost of delaying
& vessel cquals the cost of adding an addi-
tional berth and creating additional shere-
side storage {Id. at D{62}). Since random
occurrences during voyages will make ships
that initially depart at regular intervals
tend to space out and hunch, standard devia-
tions about the mean in a normal distribution
and the concept of a “safety factor" are
added to the aznalysis to permit servicing of
the majority of the random 'bunching” of
vessel arrivals (Id. at D(63}). Using a
sophisticated design of dependent arrays of
data, inputs for labor and materials for all
the components and systems of the vessel can
be specified. These are converted eventually
to tons or man hours and a higher level array
converts these to dollars. At a hipher level
still, the computer factors by an overhead
coefficient which varies whether it applies
to labor, management, insurance, conventional
hull construction, or crycogenic systems.

(fd. at D(26-27)). The construction data
arrays for generic ships are already on file
in the semi-permanent data and the bidder's
vessel data can be input elther in its
entirety or as changes to the generic data.

Another file known as the technical spec-
ifications file, includes forty different
items including volume of cryogenic insula-
tion, fuel capacity, shaft horsepower utilized,
speed loaded, boil-off rate in loaded and
ballast conditions, fuel use rate ar sea,
annual layup time, loading and discharge rates,
lightship weight, and fTirstship costs, (if
known) (fd. at D(32) and see Appendix Exh.
32). Formulas were derived from empirical
studies to compute crew costs, hull main-
tzinance and repair costs, and stores and
supplies costs (id. at D{35)). Since LKG
ships are such a recent innovation there is
no reliable empirical datz on maintainance
and repair for the cryogenic systems and
these were simply estimated to be §100,000
for 130,000 cubic meter ship each year (JI4.
at D(36)). Using algorithms developed and
stored in the computers memory, the computer
can, for any given LNG cargoe im any given
ship on any given voyage, compute firstship
capital costs, total voyage times (broken
down by sea time, preparation time, cargoe
handling time, and annual layup time). It
can also accurately compute the cargo avail-
abhle for zale upon delivery, the carge con-
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sumed as boil-off fuel and the cargo left in
heel and other necessary factors to obtain
all of the components of operating costs.

In addition to cost projections for specific
ship designs, the program is able to output
useful projecticns of delivered cost or
required freight rate as functions of ship
size or trade route lemgth or tank configu-
ration or insulation design.

DEVELOPMENT OF LNG TECHNOLOGY

The history of LNG, at least to the
general public, is marked by two notorious
incidents. The first incident was the col-
lapse of the LNG storage tank belonging to
the East Ohioc Gas Company in Cleveland Ohice
on QOctober 20, 1944. Immediately following
the tank rupture there was a tremendous fire
which killed 133 people and destroyed adjacent
buildings and dwellings. (Weinberg, (argo
of Pire: & Call for Stricter Regulation of
Ligquified Natural Gas Shipment und Storage,

4 Fordham Urban [.J. 495 (1876}). The Cleve-
land tanks ruptured due to a metallurpical
fbrittle} failure which could be attributed
to the lack of knowledge on the part of the
designers of the effect of the very low
temperatures on the strength of certain
steels under stress. (Saee generally, Report
on the Investigation of the Fire at the
Liquefaction, Storage and Regasification
Plant of the East Ohio Gas Company (Bureau of
Mines #RI3867, February, 1946}).

The second tragic incident involved a fire
in an LNG storage tank belonging to the
Texas Eastern Transmission Company (TETCO)
at Staten Island, New York on February 10,
1973. Forty of the forty-two workmen in the
then empty tank were unable to escape and
died of suffucation from the smoke of the
fire. The tank had been empty for thirteen
months but prier to that had been in service
for nearly twenty-one months. The tank was
of pre-stressed concrete in the shape of a
cylindrical shell with a domed roof. Inside
the concrete shell, insulation consisting
of two four-inch layers of polyurethane was
held in place by an aluminum lattice and
covered by a 4 mil layer of aluminized mylar
and organic bonding material. The floor of
the tank was additionally covered with poly-
urethane sheeting. The domed ceiling was
approximately sixty-three feet above the
fioor of the tank., The exterior of the tank
was surrounded by an earthen wall., A leak
in the mylar liner was detected in October
of 1970, but its exact location was ambilguous
because of confusing readouts from the in-
strumentation. Fourteen months later the
tank was emptied and purged. Workmen then
entered for the purpose of cleaning and
repairing the tank. This work had been going

on for mearly a year with the approval of the
New York Fire Department when the fire occurred.
(Zabatakis and Burgess, Jawestigation of
Explosion of Staten Ielamd Watural Gas Storage
Tank (Bureau of Mines Publicatien) incorporated
in Subeommittec on Frvestigaticns of the House
Cormittee on Interstate and Fopeign Commerce,
legislative Issues Relating to the Safety of
ING Storuge, 93d Cong., 2d Sess. 605 {Committec
Print 1974}]. Although the fire did involve
combustible hydrocarboms and was in fact
traceable to the storage of LNG in the tank,

it was not a threat to surrounding property

or persons and it occurred during the main-
tenance phase rather than the operational
phase of handling ING. Twe significant find-
ings emerge from the investigatioen following
that fire. The first was that the insulation
material was not fire proof. This was eb-
viously a shortcoming of design. The second
finding was that the liner had rips and tears
in it and permitted liquid to seep into the
insulation. (The New York Fire Department
investigation revealed a ten foot three inch
rip in the bottom of the tank.) This inves-
tigation was made after the fire which caused
the roof to fall in, however, and it cannot

be said with certainty that the crashing roof
did not cause the rip (Jd. at 755). It ap-
peared that the fire itself was ignited by

the workmen, ¢ither through using non-spark-
proof equipment such as vacuum cleaners,

or by viclating the smcking rules and intro-
ducing cigarette lighters into the interior

of the tank. This appears to have heen a
personnel training problem. FPC staff felt
that the primary design deficiency was use

of the laminated mylar-aluminum-dacron tank
liner which was susceptible to operational
damage and was flamable (as was the insulating
material} contrary to specifications, It

also appeared that the position of the leak
could not be ascertained due to instrumentation
malfunctions and the FPC was ¢ritical for

the continued use of the tank with an unlo-
cated liner leak. Computations showed that
enough heavy hydrocarbons could have accumu-
lated in the tank lining to combust and create
an overpressure sufficient to "float™ the

tank dome and cause it to collapse into the
tank structure {74. 258-61, FPC Staff findings).
The New York Fire Department during the
investigation found no evidence of sabotage
(Jd. at 782) so the tragedy was effectively
caused by the design calling for materials
which are no longer used in LNG tanks and by
human error in violating rules concerning
maintenance procedures.

As with the prior tragedy, construction
and engineering techniques were thereafter
improved and a better understanding of the
hazards was gained. Meanwhile, abroad,
Gazocean was designing and building LNG car-



riers for trans-Mediterranean carriage of

ING from Algeria to Europe. The vessels

were small at first and employed quite a
variety of tank designs (gee Chapter 1, Spe-
cific Technology of Ligquified Natural Gas,
Jeean (Curriage, infra). Liquefied propane
gas with its much higher boiling point )-42.07°
C. at atmospheric pressure} had been carried
in pressurized or refrigerated tanks for

some years. Some LPG carriers were used to
carry LNG when properly refrigerated., As
larger quantities were transported, however,
the designs that emerged stressed insulated
tanks which neither pressurized nor refriger-
ated the cargo, but simply tried to minimize
heat gain (and consequent vaporization) to
the already liquefied cargo which was loaded
at cryogenic temperatures.

SPECIFIC TECHNOLOGY OF LIQUEFIED NATURAL GAS

This section will discuss in a non-tech-
nical manner the engineering or comstruction
principles involved in each of the major
steps in the LNG cycle and will give selective
descriptions of specific installations as
background for more technical discussions
later in this paper.

LIQUEFACTION

Although natural gas is compressed during
the liquefaction it is stored and transperted
at pressures equal to or only slightly great-
er than normal atmospheric pressure thus
eliminating an additional source of stress
on storage tanks or ships' carge tanks, The
boiling point (liguefaction temperature) of
natuyral gas at atmospheric pressure is approx-
imately -260° Farenheit. The gas dynamics
process hy which this temperature and pres-
sure reduction is achieved is referred to as
"throttling'. This process employs a "“Joule-
Thomson"™ expansion. In this process, if the
temperature and pressurcs are properly ad-
justed, energetic gas is cansed to speed up
through a narrowed aperature thus lowering
its pressure. TIts kinetic energy is cventual-
ly dissipated in the turbulent flow en the
downstream side of the constriction but at
iower velocities the gas has expanded with-
out doing any significant work (friction heat
buildup and gas compression can be ignored
in a pipeline expansion process). As a
result of this dissipation of energy the
temperature of the gas is reduced on the
downstream side of the valve., 1If the gas is
inttially cool enough, the expansion will
reduce it below the boiling point and cause
it to cendense into a liguid. If the con-
densation 1% not complete and a vapor phase
exists it can be recycled through successive
compression-expansion cycles until it is all
liquefied.

The more sophisticated process used in li-
quefaction plants is referred to as the auto-
refrigerated cascade cycle. In this process
natural gas is introduced after compression
to 560 1bs, per square inch atmospheric at
approximately 68° Farenheit. It flows
directly through a heat exchange tower which
is cooled by a refrigerant and emerges at
the far end of the tower to a Joule-Thompson
valve., It arrives at the valve in a pre-
cooled condition and after expansion, emerges
for transfer to storage tanks at 14.7 PSIA
and a temperature of -258.5° Farenheit. The
refrigerant employed may be methane or may
be other refrigerants such as ethylene. In
any event, this refrigerant is rum through
a bank of parallel compressors and then is
cooled through Joule-Thompson expansion
valves and through the heat exchanger four
different times before it is finally with-
drawn in pure vapor form and sent back to the
compressors. Although the ratio of work input
to the compressors to the mass of liq-
vefied fluid extracted is somewhat worse than
alternative systems, factors of flexibility,
maintenance efficiency, contrel simplification
and materials costs make the auto-refrigerated
process the most attractive (Trident Engine-
ering Associates, Inc., Maritime LNG
Manual (Naticnal Maritime Research Center
July 1974)).

OCEAN CARRTAGE

As of 1974 there were some 327 liquefied
gas carriers of under 20,000 cubic meter
capacity. All of these vessels utilized
pressurized or refrigerated tanks. The car-
goes of most of these vessels was propane.
This gas with a 1iquid density of .6 compared
to LNG's density of .49 can be more econom-
ically transperted in small volumes. Also
its much higher boiling point makes it econom-
ical to refrigerate during transit. Moreover
Coast Guard requirements preclude using pro-
pane boil-off as hoiler fuel. Finally, the
smaller tank size allows greater assurance
of tank integrity under pressurization. By
January of 1974 there were five LNG carriers
of the insulated tank design between 60,000
and 100,000 cubic meters with five more on
order and thirty-three such vessels on order
with capacities in excess of 100,000 cubic
neters (Liquid Gas Carrier Register for 1974
{H. Clarkson § Co. Ltd. London} reprinted in
Review of Mavine Transport, 1974 (UNCTAD
TO/B/C.4/125/sup.1)) . As fatc as 1972 there
were only eight LNG carriers of over 40,000
cubic meter capacity. (Latham, "Liguified
Natural Gas--A Survey", Tahle 1, reprinted
from Swenson, "LNG--A Road to Progress”

[AP] 1972) gee Appendix, Exh. 1), In 1974
twenty-four ING carriers werc completed, the
largest of which was an 87,000 cubic meter
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ship built in Norway. The leading countries
in terms of tons built were France and Norway
{Lloyds Register of Shipping, Statistical
Tables 1974). In terms of registration, the
United Kingdom had thirty liquefied gas car-
riers under its flag totalling nearly 703,000
gross tons. Japan had 145 such vessels to-
talling 583,450 gross tons. Liberia, a flag
of convenience, showed thirty registrations
totalling 433,958 gross tons. Norway had
forty-five vessels of 359,668 gross tons

and Panama, another flag of convenience, had
twenty vessels with 215,665 gross tons. Not
all of these ships are suitable for LNG,
however. As of 1975, the United States had
only one registered vessel designed for LNG
{Lloyds Register of Shipping, Statistical
Table No. 2, 1975). General Dynamics has
twelve ships under contract, five of which
are designed for the Algeria-to-United States
trade and seven of which are for Indonesia-
to-Japan trade routes. Avondale is building
ships using the Conch tank design, while

the ships designed and built by Newport News
shipyards will utilize membrane tanks made

of stainless nickel steel. Sun Shipbuilding
is also negotiating to build three ships

for trans-Pacific routes and there is a prob-
ability that at least seven ships for foreign-
to-foreign (non-subsidized) trade routes will
be built in U.S5. vyards.

The most distinctive part of the LNG car-
rier design is the cargo tank configuration.
There are at least eight viable tank designs
although not all of them have been utilized
in actual construction. Ia general, these
designs may be further divided into two
categories; free-standing tanks and membrane
tanks. The former, as the name implies, are
not in direct contact with the ship's hull.
The latter assume a configuration that fol-
lows a cross-section of the hull. Other
designs, as yet untried in actual application,
involve semi-membrane tanks and modular tube
tanks.

The Chicago Bridge § Iron Co. of Oak Brook,
I11inois, has designed a spherical tank using
thirty-six columns for support. The ceolumns
are seated in resin-impregnated beechwood
keyways positioned a few feet beneath the
sphere's equator. The bases of the columns
are connected to the hull by means of an
insulated hold-down device. The columms are
sprung cutward at ambient temperatures. Thus
when cargo causes the sphere to contract the
columns returm to vertical to ensure compres-
sion loading and to minimize bending moments.
{Todd Research § Technical Div., LNG Tank
Designs 3-29 through 3-31 (National Maritime
Research Center 1972}. See Appendix, Exh.

36 for a depiction of this design.} There
are no shipboard applications of this design

known to this investigator.

The Columbia Gas System Service Corp. of
Wilmington, Delaware has developed an integral
(with the ship's hull) tank. The design calls
for closed-cell polyurethane insulation con-
fined in hexagonal "honeycombs'" made of
phenclic-impregnated tibreglass. A polyure-
thane elastomer barrier applied to the inboard
surface of the insulation provides the only
liguid-vapor barrier required. Thermal con-
traction problems are minimal) and the elas-
ticity of the materials is felt to allow
flexing under dynamic sea loading of the
hull (7d. 3-43 through 3-46). There are no
applicaticns known to this investigator.

Martin-Marietta Corp. of Denver, Colorade
has concentrated its design effort on the
"bleed and vaporize' or "'wet" insulation con-
cept. A cellular mylar insulation is used
without an internal barrier other than a
thin stabilizing film which is permeable.

The LNG seeps through the film, then vapor-
izes inside the cclls to create a vapor
insulator. The system is conceived for use

on spherical as well as prismatic free-
standing tanks. This design could be important
in eliminating the need for the huge steel

sed covers presently required for the above-
deck protection of spherical tanks from wave
damage since the insulation is internal

rather than external (%ee, 7d. 3-48, 3-50

and 3-51). But to the extent that aluminum
tanks must be protected from fire, the tank
covers may prove to be necessary in any event.

Free-standing tanks may be spherical such
as the Kvaerner-Moss design employed on the

Norman Lady and the Technigaz design. Free-standing

tanks may also be of prismatic configuration
such as the Conch design utilized en the
Methane Princess (27,400 cubic meter capacity
ship). Tanks in the shape of vertical cylin-
ders were used under the Gaz de France design
installed on the Jules Verne (25,500 cubic
meters). The Exxon free-standing tank was
utilized on the 40,000 cubic meter Esso fleet
aowned by Prora Transporti SPA (lLatham, Table
1 supra). Sophisticated {Invar} {36% nickel-
iren alloy) membrane tanks designed by Gaz-
Transport were utilized on the Polar Alaska
and the Arctic Tokyo, both 71,500 cubic meter
vessels built in Norway. (See generally,
Thomas, "LNG Vessel Design and Opecrating
Experience',Conference Proceedings on LNG
Importation and Safety (Natiomal Academy of
Sciences June 13, 1972.)} See Appendix,

Exh. 30 § 35,

The Bridgestone Lique fied Gas Ce. of Japan
utilizes a semi-membrane tank configuration
wherein the membrane "floats'' almost com-
pletely free from the insulation on the inmer



hull. The tank is attached to the hull enly
at the tank dome by a complex "hanger' device
and maintains its shape by a constant positive
pressure supplied from a rubber "breathing" res-
ervoir. The tank {primary barrier} may be
either stainless steel or a nickel steel

and the insulation is faced with a phenolic
resin-saturated plywood secondary barrier
coated with epoxy. The design has been suc-
cessfully used in relatively small liquid
propane carriers and its application to LNG
carriers is being considered {(see LNG Tank
Designs supra at 3-41 through 3-43}.

All of the tanks, of course, must be in-
sulated and polyvinyl chloride foam (Klegecell)
and perlite are commonly used. Membrane tanks,
because they are closer to the ship's hull,
are more vulnerable to collisions, and main-
taining the secondary vaper barrier is more
difficult becanse of its inaccessibility. It
ts possible also that the dynamics of sloshing
in membrane tanks present greater stress prob-
lems. Not only is the insulation crucial to
maintain the cryogenic temperature necessary
to prevent the cargo frem beiling, but it 1is
also vital to protect the steel used in the
hull of the ship from becoming so cold that
it becomes brittle and fractures under the
operational stresses of the sea. Fiberglass
and polyurethane foam in addition to Klegecell
can be used for insulation and balsa wood
has been used to cushion the tanks and allow
for differential thermal expansion where
secondary membranes surround the inner tank.
Membrane ships are designed with a secondary
barrier for protection in the event of fail-
ure or cracking of the inner tank. Most
tanks are made of 5083 aluminum.

Independent tanks are thought to be eco-
nomically more efficient than membrane tanks
in the long run. Their insulation efficiency
is superior and boil-off proceeds at a lower
rate Jduring the vovage. Of course, boil-off
can be used in dual fuel power plants as a
substitute for bunker €, but it is presently
more profitable to deliver it as cargo so
there is some economic loss for excessive
boil-off. Membrane tanks on the other hand,
using such a thin Invar layer, veadily cool
down whercas the massive metal primary bar-
rier of the independent tanks must be cooled
more slowly to avoid thermal stresses. In-
dependent tank designs such as the Conch and
the Moss-Rosenberg spherical carry a 'heel™
that 15 a residue of the LNG cargo in each
tank to maintain temperatures at mo higher
than -240° Farenheit during the ballast
voyage. Membrane tanks by comparison need
only carry a heel in one tank and are able
to use this to spray 211 the tanks for
forty-eight hours before loading. Since
most of the heel in independent tanks boils

off in the course of the ballast voyage cool-
ing process, this tends to be a cost of
operation (some officials in the industry
maintain that most of the heel is preserved
and is thus a one-time c¢ost). In any event,
operators of spherical tank vessels must
purchase an additional quantity of LNG which
does in fact boii off to make the final re-
duction in temperature from -240° Farenheit
to -255° Farenheit. Using a voyage from
Arzew, Algeria to {ove Point, Maryland {3670
nautical miles each way) and assuming that
bunker C costs $3 a barrel and that the price
of energy from natural gas CIF is §.75 per
million BTU's (per thousand cubic feet) it
can be shown that a Conch independent tank
vessel will net over $57,000 per year more
than a membrane tank LNG carrier. (See R.
Wooler, MARINE TRANSPORTATION OF LNG AND
RELATED PRODUCTS 57-61 (1875)).

The spherical tanks in the Moss-Rosenberg
system incorporated in Norwegian-built ves-
sels, and being installed on the General
Dynamics built ships in the United States do
not require secondary membranes as their
material strength can he more easily computed
by engineering analysis and mathematical
simulations. Spherical tanks can be computed
to develop small cracks a substantial time
in advance of tank rupture. Even these
negligible cracks are not predicted to occur
within the operational iifetime of the vessel.
Spherical tanks are in the free-standing
category and the tremendous weight of the tank
and its enclesed cargo are transferred to
the ship's hull by means of an equatorial
"skirt". This skirt is forty feet high
and has insulation over the upper twelve
feet of its height. The weight is transfer-
red from the tank to the skirt to the skirt
table and hence widely throughout the hull.
Spherical tanks extend far above the weather
deck of the vessel and are typically enclosed
by regular steel hemispheres to protect them
from the battering of the seas and undue
thermal radiation. The spherical tanks them-
selves are insulated by seven layers of one
mil thick aluminum foil, four layers of
two inch polyurethane foam and an outer layer
of hypalon rubber 50-60 mils thick.

Tmprovements that may be forthcoming on
third generation LNG carriers might include
a telescoping or "stacking” of spheres in
spherical tank design ships, the deletion or
reduction in thickness of the mild steel
tank covers (domes} on those designs (parti-
cularly spherical tanks} which protrude above
the weatherdeck. ({Booz-Allen supra at
VITII-6 through VIII-7}. Other concepts rated
superior by the Booz-Allen panel of experts
which may receive further design and develop-
ment attention in the near future (but which
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so far have not established appeal in the
market} are multiple vertical cylinders for
tanks and internal polyurethane-based insu-
lation. {Id. at IX-17). Since the peak
demand for LNG ships will be in the 1980's,
there is scarcely time for extended develop-
mental programs. It seems likely that the
ships will be ordered and built almost im-
mediately in order to provide the necessary
return on investment. The same concern would
apply to the U.8. Maritime Administration's
funding of developmental programs since the
U.5.-flag fleet will not likely exceed forty-
nine ships (with a few more ships used for
foreign trade becoming incidental beneficia-
ries of government sponsored research].

(See Id. at 11-22}.

The insulated catch basin underneath the
spherical tank is capable of containing the
amount of cargo that would leak from a crack
in the spherical tank over a period of fif-
teen days (predicated on a hypothetical crack
that weuld propogate to a length of three
and one quarter inches after fifteen days).
Leaks are channeled to the catch basin through
splash barriers or spray shields which sur-
round the tank. Drainage piping is made of
stainless steel and the catch hasin itself
which is ordinary hull steel is covered with
polyvinyl chloride closed-cell foam 1 1/2"
thick bonded into a continuous blanket [(Ab-
stract Specification for 125,000 meter LNG
Ship with Reliability and Safety Highlights,
20-21 (General Dymamics Quincy Ship Building
Divisior Rev. July 1974)). The PVC foam is
self extinguishing and will not comntribute
to flamability should an ignition source be
close by,

Hull steel has varying properties but is
designed to withstand brittle fracture at a
steady state temperature distribution for
ambient conditiens of 0° Farenheit in the air
and 32° Farenheit in the water with the air
moving at 5 knots. All of this assumes of
course that the spherical tanks contain LNG
at cryogenic temperatures (-260° F.). (Id.
at 11).

Using the General Dynamics spherical tank
ING carrier as an illustration (See Appendix,
Exh. 2), some of the general specifications
are worth noting. These 125,000 cubic meter
ships are 936' long, have a beam of 1437,
have a height of 82' and when fully loaded
are designed to draw 36 of water. The max-
imum continuous shaft horsepower is 43,000,
the deadweight is 63,600 long tons, and the
oil-burning cruising radius is approximately
10,000 nautical miles. The vessels are
designed to cruise at twenty knots (Jd. at 1).
There are two submerged vertical cargo pumps
in each tank and when operating simultanecusly

16

they could unload the entire ship in twelve
hours. Each pump is powered by a 300 horse-
power electric moter and has a capacity of
over 4,600 gallons per minute. The ships are
single screw and have a rudder ratio of
0.0174. Boilers are manufactured by Foster-
Wheeler Corp. The propulsion turbine is
manufactured by General Electric. A 2,200
horsepower Bird-Johnson bow thruster, with
variable pitch is installed in the bow.

The ten centimeter radar is equipped with
true motion display and early warning alatm
for preset proximities. The three centimeter
radar has a relative motion display. This
ship is also equipped with a Raytheon Doppler
log system which provides true speed and dis-
tance travelled determined by bottom tracking.
In deep water, the system provides relative
speed from water scatter. The vessels will
be equipped with a Sperry Marine collision
avoidance and satellite navigation system.
This system is capable of providing very
accurate positional data and can simulate
course projections and track and plot up to
20 targets simultaneously. Passive U-tube
stabilizing tanks are used to reduce ampli-
tudes of roll. The carge tanks were built to
withstand sloshing stresses. Cargo piping
is stainless steel outside the tanks and
aluminum inside the tanks. The tanks them-
selves are made of 5083-0 aluminum and have
been designed to safely withstand the most
probable maximum load combination in a North
Atlantic sea spectrum. In addition te bear-
ing the weight of the enclosed cargo, the
tanks must respond satisfactorily to stresses
and dynamic bending moments generated by hull
deformations while the vessel itself plows
through the sea.

In terms of stability, the General Dynamics
designers have computed that the vessels
can survive damage at least to the extent that
an open hole forty-six feet in length, twenty-
nine feet in depth (Z.e., penetration) and
running from baseline to main deck will not
sink the ship. This survival capability is
a Coast Guard requirement (Sees IMCO Gas Code,
Ch. I1 infra). The vessels have a complete
double hull and, using an analysis developed
for setting safety factors involving colli-
sions of nuclear powered ships, it is computed
that a 38,000 ton tanker ramming the LNG
carrier at right angles would have to have
an average velocity of 8.3 knets in order to
penetrate to the tank boundary. If the right
angle impact were to be at the center line of
the tank, the velocity would only need to be
4.2 knots, but if it were the furthest from
the tank, that is, in the location of the
transverse bulk head between tanks, it would
have to be 18.5 knots. It is felt that the
spherical tanks can withstand rupture better



than the prismatic or membrane tanks (Id.
at 12).

LNG carriers presently being built are of
double hull construction. While this offers
increased protection against cargo tank rup-
ture from rammings, strandings and collisions,
the double hull should not be confused with
the double bottoms which have been the sub-
jeet of an extensive debate in the Intergov-
ernmental Maritime Consultative Organization
(IMCO) with regard to crude oil tankers. In
the latter case, the double bottom spaces
are to be used for sea water ballast cmly and
thus represent an anti-pollution measure.

The purpose in LNG carriers, on the other
hand, is a combination of safety and func-
tional nced. The inter-hull spaces may be
tilled with sea water ballast in part, but
they may also house fuel tanks for the ship's
engines. In short, they are not designed to
comply with or for the same purpose as the
proposcd TMCO requirement of double bottoms
on oil tankers.

With regard to propulsion the ship can
burn both bunker C and boil-off vapors from
the cargo tanks. This is the so-called dual
fuel system that i1s employed on all LNG car-
riers currently being constructed. If excess
vapors are being generated for any reason,
provision is made to dump steam to the main
condenser rather than vent the vapor to the
air. If the vapor cannot be used as fuel in
the boilers, tanks may be isolated and the
pressure may be allowed to increase for the
course of a voyage. Atmospheric venting
is also possihble in an emergency at locations
safely remote from ignition sources. During
the course of a typical voyage some 7% of the
ING cargo boils off. Third generation ships
may have on-boaml reliquefaction plants
utilizing on-hoard production of liquid ni-
trogen as a refrigerant. The saving in LNG,
with the ability to sell up to an additional
7% of the BTU value of the carge could, in
ceTtain gas-oil price structures, make this
system economically attractive for large
ships (Trident Engineering Associates, Inc.,
Maritime LNG manual 103-108 (National Maritime
Research Center, July 1874)3. A General
Dynamics official contends that the boil-off
rate used in this projection is higher than
can he expected on the typical voyape.
{Telephone interview with Bennett Holt, Nov.
5, 1976.) There is redundancy in the sense
that either boiler is capable of single aper-
ation. All major main propulsion systems
have machinery backup and there are three
ship service electrical generators, any one
of which can supply all normal loads while
at sea, One of the three generators is an
automatically starting diesel which can Ioad-
share in parallel in the event that the

other generators become 80% loaded. There

is also an emergemcy generator (250 kilowatt}
which is capable of handling the navigation,

communication, emergency lighting, fire pump

and personnel elevator power needs. This

is lecated outside of the engine room. (Id.

at 17).

In terms of control of gaseous cargo and
leaks of ING, each tank has three capacitance
probes and one float gauge to determine the
LMG level within the tank. Each tank con-
tains two safety relief valves to vent to the
atmosphere. The buildup of gaseous methane
atmospheres on the ship is prevented by main-
taining positive pressures between cargo
tanks and the atmosphere by use of the gas
compressor control system. Similarly a
hold-to-atmosphere positive pressure differ-
ential is maintained by the nitrogen makeup
system (essentially an inert atmesphere in
the non-tank hold spaces). Each tank is
provided with pressure transducers with low
and high level alarm triggers. Similar
transducers are provided in each hold area.
All valves can be remotely controlled from
the cargo control room on cargo and vapor
lines. Cmergency quick closing valves op-
erate automatically on signals from the
carpo control room, the wheelhouse, and
stations forward and aft of the carge tank
area. On shore-connection valves and the
gas-to-engine-room valve there are fusable
glements which will cause the valves to
close in case of fiTte. A methane detection
system based on the infra-red ahsorption
technique analyzes samples taken from twenty-
seven locations on the ship., The analysis is
repeated for each station every thirty min-
utes, Alarms will sound when the analysis
shows methane concentrations of 20% or more
of the lower flamable limit. Tank tempera-
tures are measured top and bottom by resis-
tance temperature detectors. Nitrogen
{for inerting or purging) is carried on
board in a liquid nitrogen storage tank and
can also he produced by a 4,500 cubic feet
per minute gas gencrator (Jd. at 3, 20-23).

Fire supression is accomplished by three
independent systems. A sea-water fire main
system utilizes two 1,100 gallon per minute
centrifugal pumps located at opposite ends
of the ship and draws through separate sea
chests. The second system is a co? system
for the engine room, the ballast pump Toom,
the emergency diesel generator, the paint
room and the forward pump room. For LNG
fires, the third system is a dry powder
system using potassium bicarbonate as the
extinguishing agent and propelled through
hoses and nozzles by pressurized nitrogen.
A combinatien of hose stations and fixed
monitors (capable of remote control) can
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reach any area on the cargo deck, The moni-
tor nozzle has a range of 100" and a suffi-
cient discharge rate to extinguish a 60' dia-
meter LNG fire within 10 seconds (Id. at 14),
The ship design alsc calls for a water spray
system to cover the fore and aft carge piping,
crossaover piping, the deckhouse, compressor
room and cargo control room to prevent over-
heating. The spray system utilizes 355
variously sized and located nozzles teo accom-
plish the required coverage. A water curtain
System operating off the main fire fighting
system directs spray over the deck and side
of the vessel in the vicinity of the cargo
loading-unloading area to protect the ship's
hull during loading or discharge operations
from any LNG which might be spilled.

The 125,000 cubic meter General Dynamics
ships have a crash stop distance of 7,000
feet and a turning diameter of 2,300 feet.
Estimates for projected 165,000 meter LNG
carriers indicate a crash stop distance of
10,270 feet and a turning diamecter of 2,500
feet.

SHORESIDE STORAGE AND DISCHARGE OF SHIP

LNG terminals will necessarily have to be
on or near the waterfront with minimum water
depths at the pier ranging from thirty-eight
to fifty feet at mean low-low water (deeper
depths are of course acceptable). Fifty
feet is considered a minimum depth for the
third generation 165,000 cubic meter vessels,
especially if the berthing area is exposed
to wave action. Ships discharge via cryo-
genically insulated pipelines to shoreside
storage tanks which contain the LNG until it
is transferred out. See Appendix, Exh. 37
for a listing of LNG receiving terminals.

Piping from the pier is typically stain-
Iess steel inside, with aluminum outer
shielding, covered in turn by at least two
inches of fiberglass insulation. Pipes may
vary in diameter and length according to the
volumes to be transferred and the distances
covered. Because of the temperature extremes,
special allowances must be made for contrac-
tion at cryogenic temperatures. Hand tools
used for work in a terminal facility are
usually made of berylium, bronze, aluminum
or some other spark proof alley, although,
if the lines are purged, conventional teols
are acceptable. All electrical tools must
be grounded.

The majority of the LNG will be vaporized
and intreduced intoc high pressure pipeline
distribution systems. Such systems will
often be owned by entities other than the
entity owning and operating the terminal.
Thoughput for the tanks may take place with-
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in a matter of days, or at most weeks., The
tanks themselves are double walled, and in
most cases are constructed out of 9% nickel
steel (one notable exception is the Phillips/
Marathon 0il tank in Kenai, Alaska, which is
constructed of aluminum and has a 675,000
barrel capacity). Therc is a resilient
blanket on the side of the inner wall facing
the anular insulated space. This blanket is
typically made of fiberglass. The remainder
of the three foot wide anular space is filled
with loosely packed perlite as an insulating
material. The outer walls are constructed

of mild stecl and the tank structurec is in
turn surrounded by a dike sufficient to con-
tain the entire contents of the tanks if
spilled. In addition to input pipes for
delivering LNG there are vaper withdrawal
pipes and relief valves for emergency relief
of overpressure. See Appendix, Exh. 3 and 4.

Frecautiens built into the design of the
terminal for Distrigas of Massachusetts Corp.
located in Everett, Massachusctts, include
a depressed area for lpading tank trucks
sufficient in volume tov contain the entire
volume of a 12,000 gallon tank truck. Crude
dikes alse border the pipeway running from
storage tanks to pier. The Iarge dikes sur-
rounding the storage tanks (capacities of
374,000 barrels and 600,000 barrels respec-
tively} and a vapor barrier fence serve to
constrain any heavicr-than-air vapor c¢louds
that might be generated in the course of a
spill. Fire fighting equipment (mobile and
fixed powder projectors and a Halon system)
1s located at srrategic points throughout
the property. Automatically activated high
expansion foam systems will protect pipeways
at Northwest Naturul Gus' proposed LNG facil-
ity at Newport, Oregon. (Witt, Wicks &
Olleman, "Evaluation of [NG Transport and
Storage Hazards" 7 (Ore.St.Univ. unpublished
1974)).

Some of the vapor which boils off from
the LNG inside the storage tamks is withdrawn
and used to power the compressor (which re-
quires about 8% of the total boil-off). Of the
remainder, about half is sent into the dis-
tribution system in gascous form and the
other half is reliquefied and returned to
the tank. Typically the boil-off gas which
is sold to the pipeline is nitrogen rich and
therefore too "iean" in methane to be ac-
ceptable so it is enriched by vaporized LNG
drawa from the bottom of the tank.

The Staten Island LNG facility formerly
owned by Distrigas and presently co-owned
and operated by Eastcogas consists of two
800,000 barrel tanks. Fach tank is built of
carbon steel and pre-stressed concrete, com-
pression being by circumferential wrapping



with solid strand wire covered with gunpite
cement. The double floor uses stainless
steel and 9% nickel steel with insulation

in between. The anular space between the
inner and the ocuter tank is filled with per-
lite. An eight and one-half foot thick rein-
forced concrete berm rises to the full height
of the tank and is concentric inside the
outer concrete wall {Conference on LNG supra
at 198-199). Thus the berm not only acts as
a device for capturing LNG that leaks from
the tank, but also serves as a radiation
barrier in the case of fire, as a de facto
third shell to the tank for crash worthiness
as to external impacrs, and serves to dras-
tically limit the surface area of any pool

of escaped LNG compared to more conventional
diking.

At Distrigas' Lverett facility specified
procedures must be carefully followed in
discharging carge, First, the unloading
manifolds on the ship and unloading arms to
the shore must be inerted with nitrogen gas
and cooled down to prevent flash vaporization
of the LNG as it entcrs the unleading lines.
"Geyser” boiling in the vertical risers
feeding ING storage tanks and '"bubble" for-
mation and collapse in LNG transfer pipes
must be guarded against to avoid atmospheric
venting and fluid hammer respectively. (Grobe,
"Characteristics and Operational Aspects of
LNG Terminals™ 22 (unpublished 1975)}). All
monitoring devices should be checked for
safe operation. During the discharging pro-
cess it is necessary to send vapor from the
storage tank to the ship's carge tanks. See
Appendix, Exh. 14. In part this 15 necessary
because the volume of LNG introduced into
the tank will displace an equal volume of
vapor which must then he sent somewhere.

More importantly, it 1s necessary 10 prevent
a Jow pressure situation from arising in the
ship's cargo tank. Carried to extreme, it
could cause atmospherie pressure to collapse
the tank inward. But even short of that,

it creates a suctien effect tending to retain
the LNG in the tank and causing the pumps

to overwork or partially cavitate.

Even before the ship's manifold valves
are open, a pump should be started up to
maximum prcssure to enable a leak inspection
to be effective. Assuming no leaks are found
in the piping or manifold and that the ter-
minal operator confirms the terminal is ready
to receive cargo, pumping can commence. For
the first twenty minutes there may not be
any vapor coming from the terminal and pumps
will be operating at reduced power during
this cooldown period. With two pumps per i
tank it is unlike ty that there will be a
total pump failure, but if such did occur,
spherical tanks can be emptied by pressur-

izing the tank with inert gas and literally
forcing out the LNG carge (LNG Manual aupra
at 137). If the ship's tanks are equipped
with an eductor system, the vessel can leave
the dock and transfer cargo from the tank with
the disabled pumps to one with cperable pumps
and then return to the pier to complete its
discharge.

Approximately S% of the cargo is left in
each tank and this is referred to as the
"heelt, It remains on the ship during the
ballast voyape in order to maintain the tanks
at near cryogenic temperatures. The heel is
often circulated by means of a pumping system
which takes it up to a spray jet near the
top of the tank and lets it spray out and
Tun to the bottom. One reason the on-board
teliquefaction plants are attractive in the
third generation LNG carriers is that suf-
ficient nitrogen would be manufactured by
this process to use it for tank cooling to
eliminate the need for any heel and all of
the cargo could be sold. This saving must
not be misconstrucd, however, as much of it
is a one time cost to the importer (providing
it has a long term carriage contract with
the owner of the LNG carrier). That is to
say, the heel is purchased one time and
thereafter remains in the ship and at the
end of the contract could be claimed by the
importer. Moreover, vapors boiling off of
the heel can be used in the dual fuel system
so when the heel is eliminated fuel oil costs
will increase commensurately. For a more
detatled discussion of tank cooling costs
gee Chapter I, Specific Technology of
Liquefied Natural Gas, Ocean farriage, Supra.

VAPORTZATION

Vaporizers are essentially devices to boil
the liquid natural gas by introducing heat
and then to superheat the vapor to acceptable
pipeline temperatures. {(ompressors are also
utilized to achieve the necessary pipeline
input pressure. There arce four categories
of vaporizors presently employed at LNG ter-
minals. Integral heated vaporizers, sometimes
called direct flame vaporizers, have a com-
bustion source directly in the vaporizer,
cperating on the pipes of LNG. The second
category is remotely heated vaporizers which
use a heat exchanger and a circulating inter-
mediate fluid to transfer heat from the primary
heat source to the LNG via the heat exchanger.
The third category are called ambient vapor-
izers and typically use sea water as a bath
through which the pipes of LNG flow. The
fourth type are process heated vaporizers
which derive heat from LNG processes them-
selves (Anderson and Daniels, LNG Terminals:
Eriating and Proposed Systems Compared, Pipe-
line and Gas Journal 44, 66 (Septr. 1875)).
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PENDING PROJECTS

Existing LNG trade routes primarily involve
Algeria and Libya exporting to European coun-
tries, Brunei and Alaska exporting to Japan
and one relatively low volume contract from
Algeria to Distrigas of Massachusetts. All
of these trades are predicated on long term

contracts ranging from fifteen to twenty years.

{Anderson and Daniels, LNG: A4 Key Energy
Supply Sowrce with Big Problems, Pipeline
Industry 35 (May, 1976)}). Other LNG tran-
sactions which are the subject of executory
contracts involve Indonesia {Pertamina) and
Japan, a twenty year contract starting in
1977 and calling for delivery of one million
cubic feet per day (gaseous volume); Algeria
(Scnatrach) and the United States, delivery
to E1 Paso Natural Gas consortium operated
by Columbia LNG Corp. at Cove Pt., Maryland
with twenty year duration at 3 delivery rate
of 1 BCF per day; Algeria (Sonatrach) and
United States, delivery to Eascogas LNG Inc.
at Staten Island, New York, and Providence,
Rhode island starting in 1977 for twenty-two
year term eventually reaching a rate of 600
million cubic feet per day; Sonatrach to
Spain starting in 1979 for 436 BCF per day;
and Sonatrach to Distrigas in Boston starting
in 1977 for twenty years at 61 BCF per day
(Id. at 36).

It is reported that LNG imports accounted
for 78% of Japan's natural gas supply in 1975,
and less than 2/180ths of 1% of the United
States' supply and only 4.7% of western
Europe’s supply (Id4.). If the high range
of projections for forecasted imports to the
United States materializes in the year 1985,
the percentage would be between 7% and B%
of the total natural gas supplies in that
year (Id.). See gemerally, Appendix, Exh. 5.

Projected LNG trades based on negotiations
currently under way indicate the possibilities
of large comtracts calling for delivery be-
ginning in the late 70's or early B80's from
Algeria to the United States {Cove Pt.,
Maryland, Lake Charles, Louisiana); from
Algeria to Canada {(with 2/3 to 3/4 being
delivered to the U.S. by gaseous pipeline
after vaporization) for one BCF per day for
twenty years starting in 1981 {(Wall Street
Journal, Oct. 5, 1976, p.9, col. 1}; from
Indonesia to the United States for twenty
years at 550 million cubic feet per day (be-
tween Pertamina and Pacific Lighting Inter-
national); from Nigeriz to the lUnited States
calling for 650 million cubic feet per day
under a twenty year contract beginning some-
time in the 1980's; from Malaysia and Sarawak
to Japan with an estimated daily rate of
750 million cubic feet per day. The
Pacific Lighting International trade route
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from lndonesia projects a need for s

fleet of nine 125,01 cubic meter LKG
carriers. Three to be built by Newport

News Shipyards, three to be built by Avondale
Shipyards and three to be built by Gezocean
and Gas Transco in Euripe {Pacific Indonesia
Project DEIS 6 (FPC. May 1976)). These
tankers would be operationzl 345 days

per year and would Tequire eighteen days

to make the trans-Pacific voyage of

8,300 nautical miles (Id.).

Other possible trade routes would involve
natural gas produced in the Cook Inlet area
and exported from the Kenai Peninsula in
Alaska to southern California and to Oregon.
Pacific Alaska LNG Co. proposes to purchase
and carry 400 million cubic feet perdiy to
a terminal in Los Angeles (operated by Western
ING Terminal Co.) with possible initial
delivery in mid-1979. Marathon 0il-Phillips,
who are already cxporting to Japan, had pro-
posed to sell LKG to Northwest Natural Gas
Co. of Oregon but the asscrtion of FPC juris-
diction caused the sellers to withdraw from
the arrangement (aee Chapter VII, § 7 Certi-
fication and § 4 Approval of Rates, Juris-
dictional Teeues, Trfra). It is possible
that interest in this project will be rekin-
dled in the future.

Other nations which could possibly begin
exporting LNG are Iran, Quitar and Russia.
Additional exports could be forthcoming from
Abu-Dhabi to Japan and from Nigeria to and
Algeria to the United States. In several of
these cases future negotiatioms will be in
abeyance pending the proving of adequate
reserves to justify the contract.

Additionally, there are the proposals for
delivering the natural gas produced on the
North Slope of Alaska to the lower forty-
cight states. There are two competing pro-
posals for tramsporting this gas. Under one
proposal it would travel by pipeline
in gaseous form through Canada and would enter
the United States at two points in Idaho and
Montana as branch pipelines carried it to the
west and east coast respectively. This is
the so-called Arctic Gas Transmission System.
The alternative proposal would pipe the gas
Toughly parallel to the trans-Alaska pipe-
line route through a liquefaction plant at
Pt. Gravina and hence by LNG carrier to one
of three terminal sites in southerm Calif-
ornia {Pt. Conception, Oxnard or Los Angeles]).
This route would involve eleven 165,000 cubic
meter LNG carriers. JSee Appendix, Exh. 6.



LNG CARRIER FLEET PROJECTION

A synthesis of energy demand projections
using 1973 and 1972 studies and combining them
for an objective estimate indicated a peak
natural gas demand of 34.29 quads {quadrillien
BTU's) in 1985 tapering off to 27 quads in
1990 as nuclear power came on line. This pro-
jection was developed by using the Department
of Interior's study for total energy demand,
subtracting the National Petroleum Council's
cstimates of energy from coal, the Atomic
Encrgy Commission's estimates of energy sup-
plied by nuclear power and Interior’'s own
estimates of the contributions from hydro-
electric generation and oil-fired generators
and steam turbines. (Booz-Allen Applied
Research 1 ANALYSTS OF LNG MARINE TRANSPORTA-
TION 1IT-19 (MARAD November 1973)].

Various scenarios were considered by the
Institute of Gas Technology, a Stanford Re-
search Institute study and the National Pe-
troleum Council with regard to the effect of
potential off-shore gas field discoveries and
the impact of deregulation of domestic well-
head prices insofar as increased supply was
concerned. Deregulation turned cut to be the
determinative parameter. In thc event total
deregulation occurs, the two studies that
dealt with this scenario projected increased
discovery rates (NPC and 3Rl studies cited
Id. at 111-23). It is interesting to note that
te maintain the existing reserve-to-production
Tatios much more new gas must be discovered
snd proven than is included in new production
in any given year. At the present production
rates approximately 22 TCF must be discovered
fwhich i1s double the current rate of explora-
tiony if gas production were to grow at a rate
of 4.5% a year. It must be understood that most
additional gus sales are "dedicated” under
long-term supply contracts with an average
duration of thirteen years which requires an
addition of 13 TCF to reserves for every T(CF
of increased or additional sales in the im-
mediate present. For any sort of rcasonable
growth projection exploration effort must be
quadrupled over present efforts. Therce seems
wide agreement that this is not likely to
occur absent extensive deregulation (JId.
at IIT-25 through I11-27}.

Given the fact that demand and production
estimates (especially when production from the
lower forty-eight states alone is considered)
indicate there will be a shortfall, the ques-
tion remains from where will the additional
supplies come? Since most studies seem to
agree that the peak demand for natural gas
will be in the period 1985 to 1900 (see Booz-
Allen, supra, at 1II-19 and II1-2R8) Alaskan
north slope gas is the most likely addition.
The Booz-Allen study cencluded that synthetic

gas produced from coal with an average twenty-
year selling price in 1972 dollars of from
$.75 to $1.45 per milijion BTU at the plant

gate is the next most likely source in the
1980's. Before 1980, LNG imported from abroad
appears to be the most likely candidate. The
difficulty with this, of course, is that LNG
projects typically have a twenty-year duratien.
This factor could deter development of such
projects altogether (Id. IV-4 through 1V-10].

With regard to the demand for LNG carriers
{assumed to be 125,000 cubic meter vessels)™™
high, medium and low estimates were developed
by Booz-Allen from studies projecting demand,
domestic production, and supplemental supply
for the years 15975 through 1990. A modified
Delphi approach was used to assign probabili-
ties to high, medium and low projections for
each of thcse components (Jd. at IV-13). These
in turn werc matched against four possible im-
port scenarios ranging from projects already
underway or approved at one extreme through
all projects including theose which are purely
speculative at the other extreme. Matching net
demand to potential import scenarios a probabi-
listic projection of the number of ships re-
quired can be generated. Booz-Allen concluded
that there was a 27% probability that no ships
would be required but a 49% probability that
112 ships would be required. However, it also
concluded that the demand projections were
unrealistically high because of the assump-
tion that natural pas would completely pene-
trate the boiler fuel market and supplant
distillate and residual oil for that use, and
because of the assumption that no efforts
would be used to curb total national energy
production. (74, at IV-12 through IV-17),
Again assigning subjective probabilities to
the impact of regulatory restrictions through
4 Delphi procedure, it was feclt that there was
a4 50% probability of eliminating gas as a boiler
fuel, a 25% probahility that an energy conserva-
tion program could achieve 10%-20% cutbacks, and
a 15% probability of enforcing some national
policy of emergy independence (Jd. at IV-24}.
Adjusting for these factors, Booz-Allen con-
cluded that the probable fleet size would be
bounded by a minimum of twenty-six and a maxi-
mum of forty-nine ships (Jd4. at IV-26).

In the three years since the Booz-Allen
study was released, minimal progress has been
made in firming up cost estimates on syn-
thetic gas from coal. The price of pe-
troleum distillate feedstocks such as naptha
for syngas from e0il have risen as a result
of OPEC policies. Meanwhile, more and more
LNG import proposals are being negotiated
and submitted for FPC approval. Energy
conservation efforts which reached their
peak during the OPEC boycott appear to have
been relaxed or disregarded by the consuming

** See p. 22 infra.
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public. S$hipyards are vigorously pressing
marketing programs to build LNG carriers and
the qualified compromise of the Booz-Allen
projection appears realistic.¥ -

THE PRESIDENT'S MESSAGE OF FEBRUARY 26, 1976
AND THE ENERGY RESOURCES COUNCIL TASK FORCE

In the President's February speech on
energy he attempted to lay the groundwork for
intensive study toward resolution of the pos-
sible conflicts in achieving two impertant
goals: combating the energy shortage and
implementing Project Independence. The key
passages of his speech were as follows:

"We expect imports of liquefied natural
gas to grow in the next several years
to supplement our declining domestic
supply of natural gas. We must balance
these supply needs against the risk of
becoming overly dependent on any parti-
cular source of supply.

"Recognizing these concerns, 1 have
directed the Energy Resources Council

to establish procedures for reviewing
proposed contracts within the Executive
Branch, balancing the need for supplies
with the need to avoid excessive
dependence, and encouraging new imports
where this is appropriate. By 1985

we should be able to import one trillion
cubic feet of LNG to help meet our needs
without becoming overly dependent on
foreign sources."

These comments caused great alarm in the
natural gas industry, the shipbuilding in-
dustry and among the public utilities pro-
ducing electrical power or distributing
natural gas. It was generally felt in these
industrics that three to four TCF of annual
LNG imports wouid be more appropriate to
meet the projected demand. However, officials
at the Institute of Gas Technology indicate
that even high level forecasts for the year
1985 only exceed the Presidemtial target by
about 20% rather than 300%. (Anderson &
Daniels, LNG: A Key FEnergy Supply Source
with Big Problems, Pipeline Industry (May,
1976) ).

As a consequence of the Presidential di-
rective, a Task Force established by the ERC
has been intensively reviewing the various
import proposals. To enable it to integrate
its findings and reach conclusioms, the
Task Force has three main charges. First,
it is to review present or pending projects.
Second, it must look at the spcio-pelitical
aspects of the exporting countries, including
those countries with whom negotiations are
underway, or those who have gas reserves who
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are potential gas exporters of the future.
Third, it must study regional distribution
patterns within the Unite¢ States and the
impact of LNG importations to coastal states
coupled with the interconnection of inter-
state pipelines. Included in this would be

a study of how curtailment and supply dis-
ruptions would impact on the various consumer
classifications. Although working drafts

of the Task Force's report are presently
circulating, these are not releasable to the
public or available to investigators and
researchers. An interesting caveat to the
Presidential statement can be found in the
accompanying fact sheet where it is stated
that the Task Force "will establish pro-
cedures for . . possible reassessment of
the target if deregulation is not achieved.”
Thus an apparent assumption of the Executive
Branch is that further or complete deregulation
of natural gas prices will be forthcoming

in the near future. (For further discussion
of this issue see Chapter VII!, Deregulation
of Domestic Natural Gas infra.) Although

the White Housc has subsequently attempted

to downplay the suggestion that the one

TCF figure was a “target", it appears at

the least to be a policy guideline. Tgnoring
or overriding such a guideline will require
either changed circumstances or well-documented
justifications.

* A fellow-up study done by MARAD's Office

of Policy and Plans (N. Harllee, [/.5. Market
for Liquid Natural Gas and LNG Tanker Fleet
(March 1975)) treated the Boo:-Allen projections
as possibly skewed toward lower figures since
both domestic exploration and alternative fuel
technology has lagged behind projections
indicating less-than-anticipated substitution
in supplies (compared to LNG)}. (See gemerally,
Marcus, Offshore Liquefied Natural Gas Ter-
minals, Progress Report #1 1-20 and 1-21 (MIT
Center for Transportation Studies 1976}
"hercinafter cited as "Marcus, Jffshore LNG']).

** Modeling done by Professor Marcus' group
indicates that, at a 16% annual rate of return,
a 282,000 m3 ship could gemerate present worth
capital savings of $340 million compared to a
125,000 w3 ship. (Marcus, supra at 2-6, 2-12).
Of course ship scale is only one parameter

for overall logistical econometric modeling.
(See, e.g., Marcus, supra at 2-16 through

2-24). lLarger ships with drafts of approximately
fifty feet, even though more economical to build
and operate, will require more dredging or off-
shore berthing arrangements, more storage
capacity, greater costs for cryogenic piping,
etc. Thus the progression toward larger

ships is by no means assured.



structural and
operational safety
of LNG carriers

Although LNG presents a minimal environ-
mental threat as a pollutant, it does have
small but finite risks associated with its
transport and storage. The chief hazard
is fire. Property in the exact vicinity
of a sustained LNG fire would either be con-
sumed or damaged beyond repair. More distant
structures could be ignited through heat
radiation to the point where they would fuel
themselves and spread as a conventional fire.
Similarly, human beings and animals could
suffer radiation burns which might or might
not be lethal. Personnel who came in direct
contact with LNG would suffer localized fre-
ezing which could be fatal. This is sometimes
referred to as a cryogenic burn. Localized
spitls of ING on conventiomal steel, such
as might be used in the khull of a ship, can
cause a drastic loss of ductility and strength
and can result in brittle fractures if the
metal is in any way stressed. This could
lead to the disabling or hreaking up of an
LNG carrier. There is also the possibility
that a dense, cold, heavier-than-air methane
vapor cloud could displace enough oxygen to
cause asphyxiation of anyone attempting to
breath in the atmosphere. Asphyxiation can
occur when the oxygen content is less than
10 male %. (Maritime LNG Manual supra at
231.)

HISTORY OF THE DEVELOPMENT OF DESTGN AND
OPERATIONAL STANDARDS

Although the United States Coast Guard
has long been invelved in operational safety
standards, e.g., hazardous cargo anchorages,
perroleum discharge regulations, and crew
testing and certification, for many years
it was not directly involved with creating
standards or structurzl requirements for
ships, To the extent that structural re-
quirements could be found in Coast Guard
regulations, they generally required com-
pliance with the construction standards of
the non-governmental ship surveying organi-
zations. Thus, American Bureau of Shipping
for the United States vessels and foreign
surveyors such as Lloyds or Norske Veritas
for foreign vessels, tended to set construc-
tion standards. By the 1950%s, substantial
guantities of dangerous chemicals were moving
in bulk over U.S. waterways and the Coast
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Guard im 1957 published some tentative re-
gulations concerning refriperated gas carriers
(Dickey § Luckritz, "J.§. Coast Guard Reg-
ulations and TMCO Recommendations for NG
Tankers" I. (U.S5. Coast Guard 1974)). In
1961 a chlorine barge sunk in the Mississippi
River with great potential for harm to the
surrounding population if the tanks ruptured.
In 1964 NASA requested the Coast Guard to
certify the barges it was using to transport
cryogenic cargees of liquid oxygen and liquid
hydrogen from New Orleans to Huntsville,
Alzbama in connection with its rocket program.
(Liquefied Natural Gas, Views and Practices,
Policy and Safety I-4 (U.8.C.G.-478, 1976}).
In 1965 the Coast Guard instituted the first
Letter of Compliance Program (46 CFR § 154)
for vessels carrying hazardous cargoes.

Under this program, any bulk chemical carrier,
regardless of its flag of registry or country
of construction was required to apply in ad-
vance for a letter of compliance before visit-
ing U.5. ports {Dickey & Luckritz, supra at
7). (See aleo Appendix, Exh. 8.) In January
of 1967, the United States requested the Inter-
governmental Maritime Consultative Organization
(IMCO) to assign a committee to prepare a

set of internmational regulatioms controlling
the construction of chemical bulk carriers.
(C.G.-478 swpra at I-2 through [-3). As

a result of this request, the Maritime Safety
Committee of IMCO established 3 Subcommittee
on Ship Design and Equipment. This subcom-
mittee did in fact produce the Code for the
Construction and Equipment of Ships Carrying
Dangerous Chemicals in Bulk which was adopted
by the IMCO Assembly in October of 1971.

The IMCO Bulk Chemical Carrier Code is in
close harmony with the previously Heveloped
U.S. Coast Guard regulations on the same
subject (U.5.C.G. -478 supra at 1-4]. At

the same time, the Subcommittee was further
charged with development of a separate code
to cover carriage of hazardous gases com-
pressed or liquefied in bulk. (IMCO Assembly
Resplution A.212 {VII) October 12, 1971}.

In the early 70's as concern increased over
maritime pollution, the Coast Guard was given
powers under the Water Quality Improvement
Act of 1970 to board and inspect vessels,
including foreign vessels, in U.S. navigable
waters or the contiguous zone jn the interest
of the prevention of oil pollution (33 USCA
§ 1321{m) (1975 Supp.)). Under the same
legislation, the President and the Secretary
of Transportation delegated their powers to
the Commandant of the Coast Guard te promul-
gate regulations governing the inspection of
tankers in order to reduce the iikelihood of
discharges of oil {33 USCA § 1321{1) (1975
Supp. }J- In the same legislation the (oast
Guard was charged with producing a study on
the control of hazardous polluting substances

te be delivered to Congress. A study was in
fact delivered via the President om March
16, 1971 (U.S.C.G. 478 supzra at T-4), The
Coast Guard had long been requiring various
life saving, communications, and navigation
equipment pursuant to statutory authority

or the provisions of the Safcty of Life at
Sea Convention to which the united States

is a Contracting State. Jee, €.4., The
Vessel Bridge to Bridge Communication Act,
33 USCA 8 1201 et seg. (1975 Supp.}. In 1972
the Ports and Waterways Safety Act (46

UscA B 381 (1975 Supp.)) suthorized the
Coast Guard to study the need for and to
design and implement vessel traffic systems,
to conduct shipboard inspections of maneu-
vering capabilities and to set minimum Te-
guirements for nuvigational equipment. (bez
generally, Swan, "An Analysis of Vessel
Traffic Systems in Three West Coast Ports"
(Ore.St.Univ. Sea Grant Prog. 1976})-

The Chemical Transportation Industry Ad-
visory Committee (CTTAC) has assisted the
Coast Cuard in redrafting Part 38 (liguefied
flamable gases) of Title 46 of the Code of
Federal Regulations. Membership on CTIAC
inctudes representatives of the Shipbuilders
Council of America, the American Bureau of
Shipping (a preminent hull surveying organl-
zation), the Society of Naval Architects
and Marine Fngineers {SNAME) and the Amcrican
flas Association to name only & few. Specific
corporations such as Arco, [xxon, and J..J.
Henry (ship design) also have representatives
on CTIAC. (Dickey & Lucritz, supra at 4].
Some may argue that having entities in the
regulated industry participate in framing
the regulations 1is inherently suspect and
will lead to compromises on costly safety
features. Neverthcless the practical ex-
perience of the Committee members is extremely
yaluable in identifying hazards and articula-
ting ferasible ways 1o eliminate or minimize
them. Moreover it should be noted that
{a} the Coast Guard retains the ultimate
control over the content of the regulations
as CTIAC is advisory only; {b) opportunities
for public imput exist through the hearing
proccdurc; (c) the industry has extremely
large investments to protect and is likely
to be safety conscious simply from enlightened
self-interest: (d) the iMCO Gas Code is quite
stringent in its own right so American ves-
sels and operators will have less reason
to fear rate undercutting by operators with
iess expensive [less safe) vessels.

A further word about the letter of com-
pliance program is deserved. The interim
regulations for the issuance of letters of
compliance are found in 46 CFR B 154 (1975).
Initially, it is clear that LNG carriers are
subject to the letter of compliance procedure



(36 CFR B154.3(b}(1)(ii), (v) (1975)). The
Coast Guard will be specifically interested
in methane detectors and other alarms as well
as the design and arrangement of cargo tanks,
piping, and vent systews, and thg suitability
of electrical equipment (id. at 3 154.3(c)(1}).
(3),(6)). Before the vessel arrives in

port a review is required of the ship’s plans
and specifications. At least two weeks prior
to the actual arrival, the Coast Guard must
he notified of the first American port to bhe
entered, 1f the vessel passes the review to
the satisfaction of the Coast Guard, she will
be allowed to arrive at the port where she
will be boarded before berthing for an on-
board inspection. (7d. at B 154.4(b), (<))
The on-board inspection entails an cxamina-
tion of tanks, piping, machinery, alarms,
fire fighting capability and a general assess-
ment of vessel condition and personnel per-
formance. (id. at § 154.4(d})., The regula-
tions state:

"serious discrepancies such as those
invelving ineperative safety equip-
ment, leaking cargo piping or non-
explosion proof electrical instal-
lations may reguire immediate cor-
rection prior to cargo transfer
operations. Minor discrepancies

may not preclude permission to
transfer cargo, but may require
correction prior to a second call

in a I.S. port, either on the initial
voyage or on a subsequent voyage."

(Id. at 8 154.4(d)(iv)). For subsequent
visits of the vessel, it may be boarded at
the harhor entrance and while en route to
berth, underway tests and examinations of the
fire fighting eguipment, leak detcctors,
quick closing valves and other safety equip-
ment may be conducted to assure that the ves-
sel is being maintained close to the original
standards upon which the letter of compliance
was granted (Id. at 8§ 154.4(d)(3)). Every
two years the vessel will be reinspected for
a renewal of the letter of compliance (Fd.

at § 154.4(d)(2)). Change of owner or reg-
istry will invalidate letters of compliance
and must be reported to the Commandant of the
Coast Cuard to be followed by reinspection if
a revised letter of compliance is desired.
(Id. at § 154.4(f1).

I[f the foreign LNG carrier has been issued
an IMCO certificate under the 1971 Bulk Chem-
ical Code & full fledged review by U.S. Coast
Guard officials may be avoided. The certifi-
cate must be issued by the country of regis-
tration or by a recognized classification
society duly authorized by that country. If
an LNG carrier has a valid certificate of
fitness issued under the new IMCO Gas Code by

the country of registration or by a recognized
classification society duly authorized by that
country, presentation of a copy of the certi-
ficate will obviate the need for full review
{a detailed discussion of the new IMCO Gas
Code and the areas in which U.5. structual
requirements may differ follows in the next
section). However, in anticipation of a pos-
sible emergency involving the ship in a U.S.
port, certain plans and information in English
myst he submitted during the on-board examina-
tion. These include specifications for the
carge containment system, the general arrange-
ment plan, 2 plan of the liquid and vapor
cargo piping, & section plan midships, and

the fire fighting and safety plan. Addition-
ally, the vessel must carry on board in English
(without necessarily surrendering it) a
description and schematic arrangement for
inerting cargo tanks, hold spaces, or intra
barrier spaces; a description of tank gauging
equipment; a description and instruction manual
for calibration of the leak detecting equip-
ment; a schematic plan showing the location of
leak detectors and their sampling points; and
a description of the provisions for carge
temperature and pressure control in compliance
with Article 7.1 of the IMCO Gas Code. For

a list of other safety regulations with which
LNG activities must comply, see Appendix,

Exh. 7.

Just how effective the letter of compliance
on-board examination can be is open to somc
doubt. Tt is reported that on one of the
early visits of the French LNG carrier Descartes
to Boston, crew members had disguised leaks
in the cargo tank membranes by purging the
surrounding area with inert gas so that no
alarms sounded on the meniters during the
period they were being tested by the Coast
Guard inspectors. (Ingram, “Peril of the
Month: Gas Super-tankers,' The Washington
Monthly, 7, 11 (February 1973)}). Another
incident is reported concerning a small Nor-
wegian LPG carrier in which gauges on the gas
detector system were out of calibration and
sounded alarms all the time, with the result
that they had simply been turned off and ignored.
(fd. at 12). Thus, short of requiring space-
technology reliability, there will always be
the human factor in maintaining safety equip-
ment and in heeding its warnings and reacting
properly when they are given.

In questioning the responasibility of foreign
flying vessels and their crews, Weinberg says,
"'flags of convenience' have led to much of
the world's oil tonnage being carried on
Liberian and Panamanian vessels--a pattern
which LNG tankers continue to follow. In 1970
one-quarter of the entire world's tanker ton-
nage, and an even greater proportion of tankers
under construction, were of Liberian registry.”
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(Weinberg, Cargo of Five: 4 Call for Stricter
Regulation of LNG Shipment and Storage, 3
FORDHAM URBAN L.J. 495 (1976)]. While the
statement about 0il tankers is accurate as

of 1975 only 13 1/2% of the LNG tonnage was
registered Liberian with another 7% registered
Panamanian. Although the trend still persists
it does not reach the proportions applicable
to crude eil carriers. Liberia is second in
terms of gross registration and Panama is
fifth behind Japan, Liberia, Norway, and
France (Lloyd's Registry of Shipping, 1975
World Fleets).

In the same vein Weinberg suggests that
"foreign flag vessels are always subject to
inspection the first time they enter United
States waters, and not afterwards." While
it is true that plan review (in these in-
stances where a certificate of fitness from
IMCO is not available) is only undertaken
at the initial visit, reexaminatiens are con-
ducted bi-ennially. Alterations or modifica-
tions are required to be resubmitted for
review and all vessels are subject to board-
ings and usually are boarded at the harbor
entrance for underway tests and examinations
of the fire-fighting equipment, leak detectors,
quick—closing valves and language proficiency
{sec 46 CFR 8154.4{a) - 4(d}(2)(i), and 154.4
(d) (3}).

IMCO STRUCTURAL REQUIREMENTS

In November of 1975 the Ninth Assembly of
IMCC adopted the Code for the Construction
of Equipment of Ships Carrying Liquefied
Gases in Bulk [hereinafter Gas Code] (A. 328
(IX)}. This code applies to newly constructed
vessels which are defined as those for which
the building contract is placed after October
31, 1976 or the delivery of which is after
June 30, 1980 and those which have undetrgonge
a major conversion with the same two trig-
gering dates (IMCO Gas Code 1.2.2 {a)}-

SALIENT FEATURES OF THE NEW CONSTRUCTION
IMCO GAS CODE

An initial survey is required before new
ships are put into service in order for the
certificate of fitness to be issued. The sur-
veyors must be satisfied that the structure,
equipment, fittings, arrangements and mat-
erials comply with the Code. Subsequent to
the initial survey, intermediate surveys,
at intervals not to exceed thirty months,
should ensure that safety equipment and pump
and piping systems continue to comply with
the Code and are in pood working order. At
longer intervals, not to exceed five years,
periedic surveys must be held to cnsure that
structure, equipment, fittings, arrangements
and materials remain in compliance with the
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with the Code. A certificate nay be in the
official language of the issuing country, but
at least one copy of the certificate has to
he translated into either English or French.
Once issued, a certificate of fitness is to
be “accepted” by other signatory countries
"for all purpeses’ and "should be regarded
as having the same force" as their oun
certificates. Significuant alterations to
the vessel can cause a ¢ertificate to become
invalid as will a transfer of registration
of the vessel (Gas Code 88 1.1.5, 1.6.1,
1.6.6, 1.6.9 and 1.6.10). A specimen certi-
ficate is found in Appendix, Exh. 9,

Hull Configuration and Arpangements, Stability,
and Survival Capabiiity

The LNG carrier’'s heel at any stage of
flooding shall not exceed 30°, and in the
final stage of flooding the vessel must be
capable of rolling 20° beyond its equilibrium
position. The emcrgency power supply must be
capable of operating at the final stage of
flooding and the life saving devices must be
capable of boing operated from the lower s ide
of the vessel at that time. (Gas Code 2.4.1).
The waterline during such flooding should
never he such as to permit downflooding to
occur (12.).

For purposes of these comput ations side
Jamages are assumed to be inhoard at right
angles to the keel 1/5 of the beam or eleven
and one-half meters whichever is less. 'The
longitudinal extent of the dumage is assumed
to be 1/3 of the length of the vessel to the
2/3 power or fourteen and one-half meters,
whichever is less. And the vertical extent
is to be from the baseline of the damage up-
wards without limit. With regard to bottom
damage, longitudinal damage is the same in
the forward part of the ship, transverse
damage ts the beam of the ship divided hy six,
or ten meters, whichever is less in the for-
ward part of the ship (or five meters in
other parts) and the vertical extent of the
damage is to be 1/15 of the beam or two
meters, whichever is less (Gas Code 2.3.2).

The cargo tanks must be positioned in such
a way that they will not be penetrated by
the assumed bottom damage referred to above.
The Code does permit the tank to be within
760 millimeters of the shell plating at
other locations (Gas Code 2.6.1(b}, 2.6.2)
{see diagram in Appendix, Exh. 10). The
Code requires that hold spaces be segregated
from machinery and boiler spaces, from ac-
comodation areas, from service and control
spaces, and from water tanks, stores and
chain lockers. For LNG ships with membrane
tanks, double hulls are required {Gas Code
3.1.4). Piping may not penetrate accomodation,



muchinery, pump room, cempresser or control
station spaccs, hut may penetruate transverse
coffer dams in the hold space (Gas Code
3.1.5). Gas-safe and gas-dangerous spaces
are defined and entraces, ventilators, open-
ings, ete., may not face the cargo arca. In
pump reoms and compressor rooms, through-
bulkhcad or through-deck fittings must have
gas tight seals. Cargo control rooms must
be gus-safe spaces above the weatherdeck

and instrumentation should be by indirect
reading systems if possible (Gas Code 3.3
and 3.4}, Access to gas-dangerous zones in
the cargo tank or hold area shall be through
air locks and all access ways shall he of
sufficient dimension to allow the evacuation
ot unconscious persoennel by other personnel
wedring breathing apparatus (Gas Code 3.5.3
and 3.6). Detalled provisions for the types
of materials wsed in hull and tank constroc-
tien depending on lecation, function and
sperating temperature are found in Chapter

& of the Gas Code along with procedures for
resting welds, material quality and production
competency.  Gee Appendix, Exh. 1.

Carge Yanks

The Code classifies cargo tanks as either
intepral or membranc or scmi-membrane or
independent. Independent tanks are further
divided into types A, B and C. Type A tanks
are designed by classical ship structural
procedures and are constructed of plane sur-
faces., Type B tanks are designed using re-
fined analytical tools and methods. The
Moss-Rosenburg spherical tanks are type B
independent tanks. Type ( tanks are designed
according to pressure vessel criteria. {Gas
Code 4.21 - 4.24). All ranks and their
supports and fixtures should be designed to
withstand the expectable combinations of
loading from internal pressure, oxternal
pressure, ship motion (dynamic loads), thermal
loads, sloshing loads, hull deflection
stresses and gravity leoads. Tt is unlikely
that LNG carriers would employ integral tanks
since these arc generally limited to tempera-
tures more than -10° Centigrade. Independent
type C and type B tanks are generally restrict-
ed to_a maximum design vapor pressure of 0,25
kp/cm2 (Lakey, New IMCO Code, reprint of a
paper given at the 63d Annual Meeting of Com-
pressed Gas Association in Houston, Tex.,
25-27 Jun. 1976}. Dynamic leading from ship
operation is hased on the full range of ship
motions over the ship's operating life,
normally taken to correspond to 10° wave
encounters (Gas Code 4.3.4). Sloshing loads
are to be considered when "partial filling
is contemplated" (Gas Code 4,3.5). It is
unclear whether this section would refer to
ships returning "in heel™. Such ships are
certainly in a partially loaded condition,

even though they typically are carrying only
5% of tank capacity.

Structural analysis on independent tanks
type B must include classic deformation,
buckling, fatigue failure, and crack propa-
gation. Also, a three-dimensional analysis
as to stress levels contributed to by the
ships hull must be undertaken. The Adminis-
tration in the country of registration may
require model tests of such tank designs as
well (Cas Code 4.4.5}. Formulae are pro-
vided for analysis of independent tank types
¢ (Gas Code 4.4.6). Factors for computing
allowable stress concentrations in independent
tanks are provided in the Code (Gas Code 4.5}).
Tank supports should be designed to allow
for thermal expansion and contraction to
prevent movement of the tank under hull loads
and deflections without undue stress to the
tank. Besigns should provide support even
at the maximum heel of 30° [Cas Code 4.6.1
and 4.6.2). Provision must also be made tao
withstand upward forces caused by an empty
{bouvant) tank in a hull space flcooded to
the summer load line draft without deforma-
tion of the hull structure {Gas Code 4.6.7).
One section of the Code requires supports
sufficient to withstand a collision force
from forward to aft without deformation
likely te endanger the tank structure. The
measurement of the collision force appears
to be in static terms rather than dynamic
terms {Gas Code 4.6.4). Secondary barriers
are required on membrane, semi-memhrane and
independent type A tanks and should be de-
signed to contain cargo leskage for a period
of fifteen days under operating conditions
without lowering the temperature of the ship's
structure to cause brittleness. The partial
secondary barrier [catch basin) required for
type B independent tanks may allow for liquid
evaporation, rate of leakage, and pumping
capacity.

Insulation considerations arc important
not only to stop heat lecaking inte the cargo
and thus causing boil-off, but also to prevent
brittlencss of the carbon steel in the hull.
IMCO standards require that the hull metal
does not fall helow minimum allowable service
temperature for the relevant grade of steel
(as defined in Chapter V1 of the Gas Code)
with the cargo tanks at operating cryogenic
temperature for [NG and ambient temperatures
of 5° Centigrade for air and 0° Centigrade
for the sea water (Gas Code 4.8.1). The Code
does, however, permit the fixing of lesser
values for ambient temperatures by the country
of registration for ships which may trade
in low temperature latitudes (Id.). If
heating devices are used for transverse
structural members of the hull, a power plant
for the heating system must be considered as
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an essential auxiliary. Insulation materials
must be resistent to fire and flame spread
(Gas Code 4.9.7). Precise requirements for
welding of independent tanks are spelled

out (Gas Code 4.10.1). For independent tanks
type C, 100% of the butt welds must be radio-
graphically inspected {Gas Code 4.10.7(b)).
Provisions are spelled out for the hydro-
static or hydropneumatic testing of indepen-
dent tank designs (Gas Code 4.10.8}.

Valves and Pumps

Materials having a melting point below 925°
Centigrade are prohibited from general use
in piping outside the carge tanks and a
complete stress analysis is required for LNG
piping including not only the weight of the
pipes and thermal contraction, but alse loads
induced by the hogging or sagging of the
ship (Gas Code 5.2.7 and 5.2.8). Expansion
joints and expansion bellows must be pressure
tested at two to five times the design pres-
sure and must be subjected to a cyclic fa-
tigue test of at least two million cycles
for piping in the way of deformation loading
due to ship dynamics. These tests may bhe
waived by the authorities of the country of
registration if complete documentation
(presumably prototype testing) is supplied
to establish the suitability of expansion
joints {Gas Code 5.2.9). Various procedures
and tests are spelled out for pipe fabrica-
tion, welding, flange coupling, etc.

Fvery piping system to a cargo tank must
be provided with shut-off valves located as
close to the tank as practicable. A quick
closing remotely controlled shut-off valve
must be provided for ship-to-shore liquid
and vapor connections. For tanks with a
maximum allowable relief wvalve setting (MARVS)
in excess of 0.7 kpfcmz, remote control
quick closing valves are required on all
valves except for safety relicf valves. In-
tegrated circuitry is required to automatic-
ally shut down cargo pumps and compressors
once the quick clesing valves are actuated.
The control system for all quick closing
shut-off valves must be designed to be oper-
ated at a single contrel panel which is
duplicated in at least two remote locations
on the ship, one of which has to be the carge
contrel room. Fire-sensitive fusable ele-
ments (set between $8° Cenrigrade and 104°
Centiprade) must be included in the guick
closing shut-off valves. The valves must be
designed to fail in the closed position in
case of loss of power, and also be capable
of local manual closing (Gas Code 5.3). To
the extent flexihle cargo hoses are used,
they must be designed for a bursting pressure
five times greater than the maximum pressure
to which they would be subjected in normal
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operation (Gas Code 3.4.2). Redundance in
cargo pumps is reqguired in situations where
the pumps are of the fmncrsible type. (Gas
Code 5.5.1}.

Ventilation, Venting, and Use of Boil-off in
Dual Fuel Power Milovte

Cargo compressor roons, pump rooms and
gas-dangerous cargo contrel rooms must be
fitted with fixed mechanical ventilation
systems of the negative pressure type {Gas
Code 12.1.5). Exhaust ducts from such ven-
tilation systems must discharge upwards and
be located at least ten meters from ventila-
tion intakes and openings to gas-safe spaces
(Gas Cede 12.16). ILlectric motors driving
ventilation fans must be located outside
all ducting designed to exhaust flamable
products and fans themselves must be made of
non-ferrous materials or austenetic steel to
obviate sparking {Gas Code 12.1.9). Hold
void spaces, coffer dams and piping alley-
ways must he capable of being ventilated
(with portable fans if fixed installation
is not feasible) when entry into such areas
by humans (s necessury {Gas Code 12.2).

Each cargo tank must be equipped with at
least two pressure relicf valves of equal
capacity. They must be destgned and installed
to prevent their becoming inoperative due
to ice formation. The setting of the relief
valves may not be higher than the maximum
pressure for which the cargo tank is designed
and the valves must be set and scaled by
authorities appointed by the country of regis-
tration. The values of the pressure so set
must be recorded and retained aboard the
ship {Gas Codc 8.2.1 through 8.2.5). Vents
from the relief valves shall be not less than
a height equal to 1/3 of the beam of the
vessel [or six meters whichever is grecater)
above the weatherdeck (Gas Code 8.2.9).

Such vents should be no less than seventy-
five feet from the nearest air intake or
opening to the accomodation, service, oY
contrel spaces (Gas Code 8.2.10). The

valves must be positioned in the cargo tanks
s¢ that they will remain in the vapor phase
{(f.2., in the space above the liquid cargo
ievel] under conditions of 15° of list (Gas
Code 8.2.17). If a shipbeard fire could
produce overpressures within the tank requiring
a compensating venting greater than the
capacity of the required relieve valves,
additional relief valves must be installed
with fusable override systems designed to
preclude their opening during normal operation
{Gas Code 8.3). Cargo tanks not designed to
withstand an external pressure differential

in excess of 0.25 kp/cmz, and tanks not
capable of withstanding the maximum external
pressure developed under maximum discharge



rates with no vaper return to the cargo tank,
must be equipped with vacuum protection sys-
tems. Such systems must either shut down
discharge or should admit inert gas, cargo
vaper, or air to the tank (Gas Code 8.4),
Pressure velief valves must be sized in such
4 manner to withstand whichever is preater
between the maximum attainable working pres-
sure of the cargo tank inerting system or

the valcutated vapor pressure gencrated under
external fire exposure of the tank while not
permitting more than a 20% rise in the cargo
tank pressure above the MARVS (Cas Code 8.5).

If a dual fuel propulsion system is
utilized, as it is in virtually all second
generation LNG carriers, the gas fuel line
must be a double-walled pipe with ipert gas
in the anular space surrounding the inner
pipe. Mechanical ventilation must be pro-
vided for the pipeway and gas detection
devices should be provided to indicate leaks.
Automatic shutdown of the gas fuel supply
in the event of failure of the exhaust ven-

tilation fan must be provided (Gas Code 16.2).

Ventilation hoods must be provided at all
valves, flanges, and places where the gas

is consumed such as boiler fereds, gas turbine
inputs, etc. Torced air ventilation should
sweep across the gas utilization unit and

be exhausted at the top of the hood or casing
(Gas Code 16.5). 1In the event that the
ventilation draft is lost, the flame on the
boiler burners is extinguished, or there 1s
abnormal pressure in the gas fuel supply line
or failure of the remote valve control sys-
tem two valves in the supply system will
automatically close and the contents of the
pipe betwwen the two valves will be vented

to the atmosphere automatically. Alarms

on the detection system should be set to

shut down the fuel supply befere the gas
concentration rcaches 60% of the lower
flamahle limit (Gas Code 16.6 and 16.10).

Savipcrmental Control Problems

Piping within the cargo tanks must be
provided to permit purging from operational
condition to gas-safe condition via the
intermediate medium of incrt pas and to
purge out the oxygen with cargo vapor prior
to coocling and loading (Gas Code %.1). For
ships with tanks other than independent type
C tanks, inter barrier spaces, <.&., Spacces
between the outer membrane or cargo contain-
ment barrier and the inner tank, must be
filled with inert gas or, subject to approval
of the country of registry, with dry air,
subject to immediate displacement by inert
gas {Gas Code 9.2).* valving and piping must
be designed to preclude backflow of cargo
vapor into the inert gas system (Gas Code
g.4.4%, Inert gas sufficient to meet these

Cnly for Fanks requiring full secondary barriers.
Catch basins under spherical tanks are not included.

requirements may bhe either carried in com-
pressed or liguefied form on board, or may be
generated on board, providing its oxygen
content is at no time greater than 5% by
volume. lnert gas generating plants and inert
gas piping must not be located in accomodation,
service or control station spaces (Gas Code
9.5),

Cargo tanks may not be filled to more than
98% of capacity without specific authorization
by the officials of the country of registra-
tion taking into account the configuration
and equipment of the tank. Procedures for
coordinating the reference temperature at
which such volume measurement is to be made
with the settings on the pressure relief
valves is spelled out (Gas Code 15.1).

Feak Detection Deviegs and Gauging Instru-
mentation

Pressure and temperature indicators should
be installed in or on tanks, piping and inert
gas generating systems and at least one level
indicator must be installed in each tank.
Such devices must be installed so as to pre-
clude the dangerous escape of cargo at any
time (Gas Code 13.1 and 13.2). Unless the
carge tank has a MARVS higher than the max-
imum possible pressure during loading, all
tanks must be equipped with a high liquid
level alarm (Gas Code 13.3).

In membrane tanks {and in other tanks re-
quiring secondary barriers) carTying cargoes
at cryogenic temperatures colder than -55°
Centigrade, temperature indicating devices
must be installed in the tank insulation or
on the hull structure adjacent to the contaln-
ment system. Such devices must give readings
at regular intervals and give audible warnings
when temperatures approach the embrittlement
range for the hull steel. Additionally,
temperature indicators are to be affixed to
the tank boundaries to warn of unsatisfactory
temperature gradients (Gas Code 13.5.2 and
13.5.3).

Gas detection equipment for flamable pases
is requircd for NG carriers and the audible
and visual alarms from such equipment are
te be located on the bridge, in the cargo
control position, and at the gas dectector
readout location. If the equipment itself
15 located in a pas-safe area, gas sampling
lines must have shutoff valves to prevent
cross communication with gas-dangerous spaces
and arrangements must be made to exhaust the
gas from the detector equipment toc the atmos-
phere in a safe location (Gas Code 15.6.4 and
153.6.5). Permanently installed pas detection
sampling heads connected to audible and visual
alarms must be provided for cargo pump rooms,
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cargo compressor rooms, aon gas-safe carge
contrzl rooms, hold spaces in the cargo area,
ventilation hoods in the engine room and air
locks (Gas Code 13.6.7). The detection equip-
ment must be capable of sampling and analy:zing
each sampling head location sequentially at
intervals not exceeding thirty minutes with
continuous sampling of gas ventilaticn hoods
and dual fuel pipe ducts (Gas Code 13.6.8).
The alarms should be set to activate when
vapor concentration reaches 30% of the lower
flammable limit (1FL) {Gas Code 13.6.10). In
vessels utilizing membrane tanks the gas
detection sampling heads must be lecated in
the hold spaces and/or inter barrier spaces
(Gas Code 13.6.11). Each ship must be equip-
ped with a suitable instrument for deter-
mining oxygen levels in inert atmospheres

(Gas Code 13.6.14)

Spark Preofing

Intrinsically safe electrical equipment
may be fitted in gas-dangerous spaces. (argo
pumps may be electrically powered and sub-
merged but the motors should be capable of
being isolated from their electrical supply
during gas-freeing operations (Gas Code 10.2.1
and 10.2.2). In vessels whose cargo tanks
do not require a secondary barrier, hull
spaces may contain explosion-proof lights,
flame-proof valve motors, cathodic corrosion
protection and fathometer transducers in
gas-tight enclosures, and through runs of
cables (Gas Code 10.2.4). Electric motors
driving cargo pumps or cargo Compressors
must be separated from the space in which the
pumps or compressors are located by a gas-
tight bulk head (Gas Code 10.2.5(b)}. Tn
addition to these requirements, the electrical
requirements of part C of Chapter 2 of the
1974 Safety of Lifc at Sea [SOLAS] Convention
must be followed (Gas Code 10.1). There are
also limitations to the type of electric
equipment which can be used in various areas

of the deck, particularly those over the carge

area and enclosed or semi-enclosed spaces
containing cargo piping (Gas Code 10.2.6

and 10.2.7). IMCO worked closely with the
International Electro-technical Commission
and incorporated many of its recommendations,
which appear in Chapter 20 (tankers) of its
publication 92-5. (Lakey, New IMCO Code,
reprint of a paper given at the 63d Annual
Meceting of Compressed Gas Association in
Houston, Tex., 25-27 Jan. 1976.)

Fire Prevention Equipment

This chapter of the Gas Code begins by
stating that regulations 56 through 59 of
Chapter I1-2 of the 1874 Safety of Life at
Sea Comvention apply to all ships, including
NG carriers. Regulations 43 and 52 of the
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SOLAS convention are gencrally applicable as

well. Hydrants and nozzles should be arranged

in such a4 wuay that at least twa jets of
water can reach any part of the deck or tank
covers in the cargo area with hose lengths
not exceeding thirty-three meters {Gas Code
11.2.2). Stop valves should be installed

in the fire mains at intervals of not more
than forTty meters hetween hydrants in the
cargo area in order to isolate loss of pres-
sure through collision damage {Gas Code
11.2.3). In ships having sutomated fire
rooms, as will be the case with most of the
LNC carriers, provision must be made for
remote actuation of at least one fire pump
to the firc main from the bridge or from

a control station outside the cargo area
{Gas Code 11.2.5). A water spray system must
be provided to cover exposed tank domes,
ondeck storage vessels for flammable products,
cargo manifolds, deck houses and superstruc-
ture walls facing the carge area with a
spray of at Ieast tem liters per square
meter per minute on horizontal surfaces

{Gas Code 11.3.1 und 11.3.2). Dry powder
extinguishing systems must be arranged so

as to deliver powder from two hoses or a
combination of hose and menitor to any part
of the above-deck cargo area. The system
should he propelled by inert gas dedicated
solely for this purpose and stored in
pressure vessels (Gas Code 11.4.2). A
monitor nozzle, capable of remote control
must be located so as to protect the cargo
loading and discharge manifold areas. All
moniters should have capacities not under
ten kilograms per second and all hose lines
should be non-kinkable and of a capacity of
nat less than 3.5 kilograms per second (Gas
Code 11.4.3 and 11.4.5). Each powder
rescrvoir should contain cnough powder to
provide a minimum forty-five second discharge
time for all attached monitors and nozzles.
If monitors arc expected to cover an area
further than ten meters away, the capacity
must be increascd: e.g., at 40 metcrs the
capacity must be forty-five kilograms per
second {Gas Code 11.4.6).

Gas-dangerous spaces such as compressor
and pump rooms are to he provided with a
fixed inerting fire smothering installation.
Carbon dioxide and steam are not recommended
for the inerting medium (Gas Code 11.5.1).

Operatione and Ferscmnel

In addition to the personal gear required
by the 1974 SOLAS Convention, a minimum of
three complete sets of safety equipment must
be provided to permit personnel to enter and
work inside gas-filled spaces. Such equip-
ment must include a self-contained air
breathing aparatus not using previously



stored oxygen and having a capacity of 1200
liters of free air, protective clothing,
hoots, ploves, and goggles, a steel cord
rescue line attached to a bhelt and an explo-
sion proof lamp (Gas Code 14.43. Personnel
are prohibited from entering cargo tanks,
hold spaces, or cargo-handling spaces that
are gas-cdangerous unless fixed or portable
equipment has revealed a sufficient oxygen
content in the atmosphere and the absence of
toxic elements, or unless they are wearing
breathing aparatus and the operatien is under
the close supervision of a responsible officer
(Gas Code 18,4.1). Needless to say, unless
the pas dangerous arca has been certified as
gis-free, personnel are not permitted to
introduce any potential source of ignition
{Gas Code 18.4.2).

Carpo emergency shutdown and alarm systems
should he tested and/or checked before cargo
operations begin. Information should be
available on board pertaining to the cargo
and it should include, inter alic: a suffi-
civnt description of the physical and chemical
properties of the cargo for safe containment;
what action is to be taken in the event of
spills or leaks; fire fighting procedurcs;
detailed procedures for cargo transfer, gas
freeing, tank cleaning, and changing to
different cargoes; and minimum inner hull
steel tomperatures {Gas Code 18.1.1).

PROBABLE UNITED STATES VARIATIONS ON THE
IMCQ GAS TODE

United States Coast Guard in its on-going
letter of compliance program has requirements
that Jeviate in four aspects from the IMCO
Gas Code, The (oast Guard has substituted
higher stress sustaining vequirements for
indepecndent tunk types B and € than are
provided in the Gas Code 4.5. Tt is requiring
criack arrcsting steels (grade E} to he used
in the deck stringer, the shearstrake, and
the turn of the bilge (where grade I} is also
acceptable}. Another important variation
is that the¢ insulation on the tanks is re-
quired to be designed with differing ambient
temperatures than are specified in the IMCO
code. The latter requires 5% Centigrade
for the air and 0° Centigrade for sea water.
The Coast Guard is requiring, for service
to the lower forty-eight states, an ambient
temperature (in air with a five knot wind
chill factor) of -18° Centigrade. For ves-
sels serving Alaska, the ambient air tem-
perature at 5 knots is set a -29° Centigrade
(compare Cas Code 4.8.1). Vessels designed
pursuant to the IMCO ambient temperature
requirements may be allowed entry on restric-
ed service depending on the location and the
season. The Coast Guard is also requiring
that the cargo tank pressure system be

designed to maintain the carge without vent-
ing to the atmosphere for a period of twenty-
one days while the vessel is in port under
ambient temperatures of 45° Centigrade for
air and 32° Centigrade for sea water. Since
there are proscriptions against mancuvering
with total gas fueling, and since for pro-
longed stuys in port a vessel would most
likely be moored ur anchored in any cvent,
this means that the gas must be combusted to
heat steam which may be dumped through the
condenser and/or the tanks must be designed
to sustain higher-than-normal vapor pressures
due to the unrelieved boil-off.

The Coast Guard advises that any ship that
has applicd for a letter of compliance after
March 11, 1975 has been required to meet the
IMCO Gas Code in full, subject to the afore-
mentioned United States modifications. (Henn
§ Dickey, "New Regulations for Liquefied
Cas Carriers™ 17 (a paper presented at
GASTECH 75 at Paris, France, October 1975).
See gemerally, Coast Guard publication
1.6.C.G. -478 supra at 1II-7 through TIT-12).

EXISTING CONSTRUCTICN

The IMCO Code, dealing as it dees primarily
with requirements for constructionm, can be
very effective as to ships which are presently
being designed or which will be designed and
built in the future. With regard te ships
that are already partially or completely
constructed or had been contracted for and
fully designed when the Code was promulgated,
the problem is much more difficult. The
IMCO Sub-committee on Bulk Chemicals has been
assigned to take over the function of the
Sub-committee on Ship Design and Equipment
with respect to bulk chemicals and liquefied
gases. Tt has been given a charge to develop,
as a priority matter, a code for existing
vessels destgned to carry ligquefied gases.
Work is now proceeding on this code and
working drafts are being circulated., In
the meantime the IMCO Assembly has urged
governments to apply the standards of the
new ship construction Gas Code, insofar as
it 1s reasonable and practicable, to those
ships which are presently under construction.

OPERATIONAL REQUIREMENTS

AT SEA

Although the U.S. Coast Guard has no juris-
diction over foreign flag vessels on the
high seas in terms of their operational pro-
cedures, geood practice on LNG carriers would
tall for routine monitoring of the various
alarm systems, IMCO requirements call for
sampling no less often than every half hour
for the gas detectors in the hold spaces
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and intra barrier spaces. Provision is gen-
erally made for hard copy printouts of the
readings and good practice would be tec pro-
cure and review a hard copy printout at least
every third watch (f.¢., twice in every
twenty-four hours at approximately twelve
hour intervals) even though no alarms have
sounded.

On ballast voyages while the ship is in
heel, cool down procedures muist be undertaken
to insure that overly large temperaturc
gradients do not exist between the top and
the bottom of the tanks. Generally 30° Centi-
grade is about the maximum tolerable gradient
and if that is approached or exceeded, a cool
down procedure must be initiated. This con-
sists of spraying the ING heel, from the top
towards the shell of the tank to produce a
cooling effect (Maritime LNG Manual supra
at 142). On voyages where the carrier is
laden with LNG the primary cargo handling
problem, besides leak detection, is boil-off
which normally occurs at a rate between 0.2%
and 0.26% per day by volume, (Cenerally a
maximum vapor pressure of one p.s.i.g. i3
permitted. When pressures reach or exceed
that maximum, the boil-off must be withdrawn
for use in the dual fuel system, vanting to
the atmosphere (not permitted in port), eor
for dumping to the condensers (Id. at 144}.
For a list of alarms and corrective measures
see Appendix, Exh. 12.

When the vessel begins maneuvering in
constricted waters as it enters a harber and
approaches a terminal, specialized require-
ments are imposed upon it and upon the ter-
minal by the Coast Guard Captain of the Port.
These are developed and authorized under
50 U.5.C. § 191 with approval of the Coast
Cuard Commandant. 8 191 empowers the Secre-
tary of the Treasury (the department under
which the Coast Guard used to operate before
its control was transferred to the Department
of Transportation), subject to the approval
of the President, to make rules and regula-
tions governing the "anchorage and movement
of any vessel foreign or doemestic in ter-
ritorial waters of the United States" follow-
ing a Presidential proclamation or executive
order declaring a "natiaenal emergency to
exist by reason of natural oT threatened
disturbance of the international relationms
of the United States". Such rules and re-
gulations were for the purposes, among others,
of preventing “damage or injury to any harbor

. of the United States . {and) to
safe-guard against destruction, loss or in-
jury from sabotage or other subversive acts,
accidents, or other causes of similar nmature,
to vessels, harbors, ports and waterfront
facilities . _.? Executive Order No. 10173
(15 Fed. Reg. 7005, October 20, 1950 amended
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by E.O. No. 10277 on July 31, 1951) made the
necessary finding of the threat to national
security and it has ocver been withdrawn or
rescinded. Unti! the passage of the Ports

and Waterways Safety Act of 1874, (46 U.S.C.A.
8 391 (1975)) this was the tenuous authority
upon which the Coast Guard Port Captains for-
mulated their regulations.

Only a few ports have LNG terminals. Thus
only a few extant port regulat ions pertain
specifically to LNG carriers and even these
are not entircly standardized. See appendix,
Exh. No. 13 for excerpts from the Port of
Boston's LNG-LPG operations/emergency plan.
Certain peneral requirements appear to be
basic in most of the plans and they are as
follows: Like all sea-going vessels, the
LNG ships are required to monitor the bridge-
to-bridge radiotelephone frequency {channel
13) and must guard the emergency channel ([16}.
Vessels are to be boarded by Coast Guard
authorities, typically in the roadstead or
anchorage prior to berthing (in Boston for
example, the boardings usually take place in
Broad Sound). During times of anchorage &
live bridge watch is required to be maintained
with frequent (usually hourly) taking of
bearings. An anchorage repert must be sent
te the Captain of the Port on channel 16 at
intervals ranging from one to four hours.

No cargo may be transferred while vessels

are at anchorage. New York, Boston

and Tokyo all restrict LNG carrier

movement inside the harbor to daylight hours.
Prior to entering the harbor, Coast Guard
form 4260 (permit to handle dangerous carpo}
must have been issued to the vessel.

If the vessel does not already have a
letter of compliance, or has one that is due
for renewal or revalidation, plan review
procedures, or verification of a current
certificate of fitness under IMCO, must precede
the ship's visit and in some cascs, boarding
by Coast Guard officials must occur no less
than seventy-two hours beforc a proposed
discharge. Most ports require a pre-arrival
of fshore boarding for vessels making their
initial entry into the port in any event.

The vessel's agent must notify the Coast Guard
in advance of the arrival of the vessel and

a security broadcast is usually made and
repeated at least 24 hours before the ETA of
the vessel. Most ports require the master,

in advance of the vessel's actual arrival,

tc send a message to the Captain of the Port
stating in effect:

"to the best of my knowledge and belief
there are no known casualtics to this
vessel or its machincry which might
affect its seaworthiness. [ further
state that all cryogenic handling and



detection equipment is in proper
operating condition and has been
operating for the duration of this
passape.' (Jes, e.g., VPort of
Boston, LNG-LPG Operations Emergency
Plan 2}.

For trunsiting the harbor typical require-
ments inviude a Coast Guard escort vessel
fat least while inbound laden}), a maximum
speed Pimitation (ian Tokyo twelve knots in
the Bay, and three and one-half knots in the
port area; cight knots in Boston Harbor),
and restrictions on movement under minlmum
visibility, and a moving cnvelope of no-
traffic. On the visibility issue, Long Beach
and New York limit navigation to places
where visibility is one mile or greater in
the ahead direction.  Boston rvequires minimum
visibility of at least two miles and provides
detailed alternatives for vesscls who have
already entered the harbor when visibility
closes down (See Appendix, Exh., No. 13).
Vessels transiting Dorchester Bay in Boston
{e.g., heading for the LNG facilities at
Commercial Point) may do so only within two
hours of high water. Virtually all ports
are prohibiting venting of boil-off vapors
to the atmosphere while in the port area.
The no-traffic envelope requires that no other
vessel he allowed to be underway in an area
that moves with the LNG carrier. Typically
the urea is two miles ahead and one mile
astern. This is designed to aveid potential
closc quarters meneuvering situations with
the attendant risk of collision. Implicit
in this is the {act that the escort vessel
provided by the Coast Guard will be several
hundred vards ashead of the LNG carrier and
will be repeatedly broadeasting a security
alert and will be using an amplificd hull
horn it necessary to prohibit traffic within
the no-traffic envelope. The moving no-
traffic enveleope has been criticized by some
as being capable of "shutting the port down'
cvery time an LNG carrier enters (which in
some high volume projections might be as
often as once every fifteen and one-half
hours [(#¢e .., Pacific Indonesia Project
DEIS, supra Table 2 at 300)} {(s«¢e Weinbherg,
supra at 505)., There are several answers
to this argument. First, if the greatest
risk c¢an be shown to be collision with
another vessel, then the ne-traffic envelope
is indeed a good way to minimize that risk.
Second, for most ports only a small segment
of the relevant waterways would be "shut
down' at any given time. Third, to the
extent that the criticism may be valid in
congested ports, this is an argument for
lecating ING terminals in more remote areas
of the Coast where conventional traffic will
not be effected.

Once the vessel reaches her berth, addi-
tional requirements are imposed. Tf a pre-
arrival bearding has not occurred, Coast Guard
inspectors will at that time board, verify
that drip pans are underneath the cargo dis-
charge manifold, that fire fighting systems
are opershle, that fusible links are installed
in eargo discharge valves, that the maximum
allowable rclief settings are appropriate,
and that all lighting fixtures in the cargo
area are explosion proof. Vessels are typi-
cally required to moor bow outward and to main-
tain quick departure capahility in the engine
room. New York and Los Angeles require live
tugs standing by at all times while the ves-
sel is transferring cargo and steel towing
pendants are reyuired to be located fore and
aft on the off-pier side with the bight of
the cable at water level for emergency make-
up should the vessel have to be removed from
the pier (Los Angeles-Long Beach USCG Oraft
Regulation for Transport of Hazardous (Cargo
Reqt. I1-14) (gee ¢.4., C.G. -478, IV,
3, Item (17}). Welding and torch work are
uniformly prohibited during carge handling
gperations as is bunkering (the latter pre-
sumably for fear of static eclectricity build-
up andfor of conventicnal flammability hazards).
Cargo operations are to cease if electrical
storms occur. Continuous communications must
be established between the terminal operators
and the vessel with responsible parties at
either end being fully fluent in the English
language,

The Los Angeles Port Safety Council reguires

vessels maneuvering within the harbor to maintain

an anchor watch, to have anchors clear of

the hawse pipe and to have an officer forward
to direct emergency dropping of the anchor.
Additionally, it regquires the ship's steering
engine room to be manned with persoennel
competent to shift from conventional to emer-
gency steering with an open line of communi-
cation to the ship's bridge while maneuvering
to and from berth (Vessel #qts. 15-16).
Typically ports will require large signs
indicating that people must kecp clear and
that fiummable cargo is being handled. New
York and Los Angeles Tequire securiiy zones
in the i1mmediate vicinity of the vessel's
berth at the terminal facility. Presumably
this means vessel traffic is prohibited within
the area and vehicular traffic is prohibited
on land within the area.

Boston does not require standby tugs while
the vessel is handling cargo at the berth,
but lacal tugs are available on fifteen minute
call. Although the Boston fire department
is notified in advance of the vessel's arrival
and again when it begins working cargo, no
fire boats are required to stand by. Assist-
ing tugs sometimes make up at the anchorage
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near Deer Island at President Roads in the
Boston Harbor with additional tugs used solely
for the berthing operation joining the ves-
sel at the Mystic River bridge. After an

LNG vessel has discharged in Boston it is
allowed to depart without adherence to the
transit regulations outlined above providing
it is fully discharged. In this case, fully
discharged" does not require that the heel

be discharged, although the volume of cargo
carried is reduced by at least 95% in contrast
with the inbound voyage- During times when
the LNG barge Massachusetts was operational,
it would depart the outer terminal without a
Coast Guard escort craft, but security broad-
casts were made indicating its departure.
Boston Coast Guard officials would not permit
an LNG vessel to enter port with inoperative
leak detectors or inoperative fire fighting
equipment if these had been reported or dis-
covered (Boston LNG-LPG Operations Emergency
Plan 13). On the other hand, small maintenance
problems which are not inherent in the design
can often be fixed on board while the vessel
is detained in Broad Sound. Boston officials
stated that if the lower temperature gauge

in a cargo tank were out of order they would
probably let the vessel come in anyway.
Presumably in such a situation the letter of
compliance would be endorsed so that the
defect would have to be corrected before the
vessel next visits a U.S5. port.

SURVEILLANCE OF THE DISCHARGE OR LOADING
OPERATION

After the LNG carrier has moored the Coast
Guard continues to assert jurisdiction over
her loading or discharging activities. In-
sofar as the concern is with operations on
board the vessel, there can be little doubt
of its jurisdictiem. At the other extreme,
the Office of Pipeline Safety (ot the State
Public Utilities Commission} seems to have
jurisdiction once the vaporized gas leaves
the terminat's compresser and enters a high-
pressure gas pipeline. It is less clear
which agency has jurisdiction over the ter-
minal's shoreside equipment and personnel
during the unloading of the vessel.

The Regulations state that the (Coast
Guard Captain of the Port

n. . . may prescribe such conditions

and restrictiens relating to the

safety of waterfront facilities and

vessels in port as he finds to be

necessary under existing circumstances.

Such conditions and restrictions

may extend, but shall not be limited

to, the inspectionm, operation, main-

tenance, guarding, and manning of,

and fire-prevention measures for,

such vessels and waterfront facilities.
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n

Whenever the captain of the

port finds that the mooring of any

vessel to o wharf, dock, pler, or

other watertront structure would endanger
such vessel or any other vessel, or

the harber or any facility therein by
reason of conditions existing on or about
such waterfront strucrure, including, but
not limited to, inadequate puard service.
insufficient lighting, fire hazards,
inadequate fire protection, unsafe
machinery, internal disturbance. or
unsatisfactory operation, the captain

of the port may prevent the mooring of
any vessel to such wharf, dock, pler,

or other waterfront structure until

the unsatisfactory cenditicn or con-
ditions so found are corrected. . .7

{33 CFR B 6.14-1, -2 (1975})

In Exceutive Order 11249 (Qet. 10, 1965)
fmodifying F.0. 10173 & 10277} the Coast Guard
was given autherity to establish security
areas during cargo handling operations and
such sreas could extend to land "in immediate

roximity" or 'tontigucus' to plers. (Id. at

2 amending 33 CFR 6.01-4) Additionally,

the Coast Guard was authorized to cemtrol
access to the area. [(Id. at 88 4 and 5 amend-
ing 33 CFR § 6.04-5 and -6)  Although such
control could conccivably be asserted so
broadly as to present conflicts with local
fire marshalls ov to cause planning uncertainty
for terminal executives, this is not likely

to occur if early patterns of cooperation are
indicative. Terminals whose storage tanks

are remote from the pier {utilizing easements
te locate cryogenic transfer pipelines) might
strain the "contiguous" language, but common
sense indicates that, in order to meaningfully
oversee an integrated flow process such as

LNG discharge and wvapor return, authority
must extend (physically} as far as the storage
tank.

The Coast Guard typically will have at
least one officer at the terminal throughout
the discharging (or loading) operation. Such
on-the-scenes supervision when contientiously
pursued could achieve at least three objectives:
The discharge inspections could help assure
fundamental safcty precsutions were not
overlooked. [(3ee Appendix, Exh. 8, Captain
of the Port of Bostonm, Safety Inspection for
Foreign Vessels Carrying Bulk Cargo of Unusual
Risk, Liguefied,Flammable Gases, Items 6,
7, 9 and 12}. Such pre-discharge checks
might include verifying the cool down of the
terminal lines running from tank to ship.
Differential rates of cooling between the
bottom and top of large diameter pipes can
cause bowing and deflection between SUppoTtS
which may produce stresses in excess of design
limits. (52e Anderson & Danicls, LG Terminale:



Eristing and Proposed Systems Compuared, Pipe-
line § Gas Journal 44, 48 (Sept. 1975)). The
second objective would be to monitor personnel
access to the piers, violations of the smoking
prohibition and the prohibition against

spark producing equipment. (Sge E.O, No.
11249, Oct. 10, 1965). The third ohjective
would be to give immediate warning to Coast
Guard headquarters and local fire officials

in the event of a malfunction, leak or other
failure of the cargo transfer system. The
foregoing comments are not meant to imply

that terminal operators are not energetically
committed to the same objectives. Indeed,
most terminals have or contemplate personnel
training programs, discharge procedures and
checklists which parallel those of the Coast
Guard.

The Coast Guard's draft requirements for
Los Angeles-Long Beach LNG terminals require,
inter alia, '"‘combustible gas indicators to
detect leaks and possible accumulations of
an ignitable mixture," loading platforms
equipped with wind velocity and direction
indicators, and waterscreen systems to
separate ''vessel and facility in case of
emergencies." (Rqgts. V-11, 13 and 14],
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siting of terminals;
shoreside and
underway risks

THE ROLE OF THE FEDERAL POWER COMMISSION

The present administrative practice is to
have a would-be LNG terminal operator apply
to the Federal Power Commission for a §7
(of the Natural Gas Act) certification of
public convenience and necessity. Although
no one is seriously challenging the appro-
priateness of that forum for hearings on the
application and issuance of the certificate,
there is rather sharp disagreement as to
whether or not the FPC should promulgate
rules relating to the safety of such a facility.
During the hearings on the Tetco disaster,
the Department of Transportatien took
the position that its Office of Pipeline
Safety had exclusive jurisdiction to promulgate
such regulations by virtue of the Natural
Gas Pipeline Safety Act of 1968 (49 U.5.C.

B8 1671 et. seq. (1970)). Sec. 3a of that Act
empowers the Secretary of Transportation to
establish safety standards for ‘‘pipeline
facilities™ and "the transportation of gas."
Sec. 2(4} defines "pipeline facilities” to
include "without limitation . . . any equip-
ment, facility or building used in the trans-
portation of gas". Previously in B 2(3)
“transportation of gas" had been defined as
“"the gathering, transmission, or distribution
of gas by pipeline, or its storage in, or
affecting interstate or foreign commerce."
Although the word "liquefied” is not used
in the Act, the Department of Transportation
takes the position that the phrase "any .
facility" would extend to LNG tanks and
piping. It points to testimony by the then
Secretary of Transportation Boyd at the hear-
ings on the bill which eventually became
the Pipeline Safety Act, where the Secretary
contended that "the term 'a pertinent facility!
. would incliude without limitation
storage facilities . . . including those for
liguid natural gas. . .."  (Hearings om
5. 11E6 before the Senate Committee On
Cormerce, 90th Cong., 1lst sess. (1967) at
21.) As the legislation finazlly cmerged the
modifier "pipeline” was substituted for the
modifier '"a pertinent' immediately preceding
the word "facilities™. Although there is
other legislative history, indicating it was
Congress® intent to provide safety standards
for "pipeline facilities and not just the
nazked pipelines, it is not entirely clear
that Congress envisioned massive LNG terminals
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and storage tanks as opposed to an occasional
compressor station or dehumidifier. On the
other hand, the phrase in the Act pertalning
to the "storage of gas. affecting . .
foreign commerce" could have contemplated
just such a terminal since foreign commerce
in natural gas {other than that with Canada
or Mexico) does require cryogenic storage

of LNG. In any event, the Office of Pipe-
line Safety (OPS} has asserted the right to
establish safety regulations for LNG terminals
but due to understaffing has been unable to
act in furtherance of this asserted juris-
dictiom.

The Pipeline Safety Act itself recognizes
that FPC certification (under § 7 of the
Natural Gas Act) can only procede upon a
certification by the applicant that it will
*design, install, inspect, test, construct,
operate, replace, and maintain the pipeline
facilities in accordance with federal safety
standards. . ." Thus the OP5 argues that
while the FPC issues a certificate and must
take safety into consideration on an ad hoc
basis with each particular applicant, the
FPC should not be in the safety regulation
business but should rely on standards and
regulations promulgated by Transportation
through OPS and should confine its overt
safety regulation to questions of pipeline
routing through populated or ecologically
fragile areas. The FPC on the other hand,
takes the position that while the OPS may set
minimum standards, the FPC is not bound by
compliance of an applicant with such stan-
dards, but may insist on higher standards in
particular cases. (Se¢ Report on Legisla-
tive Issues Relating to the Safety of Lique-
fied Natural Gas Storage by the Special Sub-
committee on Investigations of the House
Committee on Interstate and Foreign Commerce,
16-17, 93rd Cong., 2d sess. (1974}). In
1974, a House Committee on Interstate
and Foreigrn Commerce issued & report critical
of FPC management of LNG safety. It asserted
that the agency had "no bureau or division
devoted exclusively to safety", and that a
"handfull of administrative persomnel . .
who have other principal functicns handle
LNG safety part-time. . .." (Jd. at 19)
{(This may have been a reference to the FPC's
Bureau of Natural Gas or its Office of Energy
Systems.) The report was also critical of
the OPS's lack of progress in formulating
safety regulations for LNG facilities. In
recent months the FPC has apparently conceded
the formulation of safety regulations inciud-
ing pipelines between tanker and fixed
facilities on shore to the OP5. (Paper
given by Joseph Kasputys and Joseph Gustafero
of the Department of Commerce before the
Cryogenic Society of America, £-9 (May 1976]).
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The statutory authority for the Federal
Power Commission to become involved with LNG
terminals in the first instance is found
in 8 3 of the Natural Gas Act {15 U.5.C.

g 717b {1970)). Relevant portions of this
statute say that:

", no person shall . import
any natural gas from a foreign
countty without first having secured
an order of the Commission authorizing
it to do so. The Commission shall
issue such order upon application
unless, after opportunity for hearing,
it finds that the proposed.
importation will not be consistent
with the public interest. The
Commission may by its order grant such
application in whole or in part,
with such modification and upon
such terms and conditions as the
Commission may find necessary or
appropriate . . .."

Of interest also are the provisions of B 7
of the Natural Gas Act which read in pertinent
part as follows:

", . . no natural gas company .

shall . undertake the construction
or extension of any facilities .

[for the 'transportation or sale of
natural gas subject to the jurisdiction
of the Commission'] unless there is

in force with respect to such natural
gas company a certification of

public convenience and necessity
issued by the Commission, authorizing
such acts or operations, Lo

(15 U.S.C. 8 717f (c)).

Elsewhere the same section states that:

", . .a certificate shall be issuved

to any qualified applicunt therefore,
authorizing the whole or any part of
the operation, sale, service, con-
struction, extension, or acquisition
covered by the application if it 1is
found that the applicant is able and
willing properly to do the acts and
to perform the service proposed and
to conform to . [the terms of the
Natural Gas Act] 3nd the requirements,
rules and regulations of the Commission
thereunder and that the proposed ser-
vice, asale, operation, construction,
extension or acquisition, to the
extent authorized by the certificate,
is or will be required by the present
or future public convenience and
necessity, . {15 U.5.C. 8 717F
(e} (1970}).



While it is clear that the FPC can grant,
deny or condition any orders allowing the
importation of natural gas regardless of
whether it is in a gaseous or liquid state
at the moment of importation, it is less
clear whether it can insist upon a certifica-
tion of public convenience and necessity.

In the celebrated Diatrigas case {(Distrigas
Corp v. FPC, 495 F.2d 1057 (D.C. Cir. 1974))
the court held that importers not selling

in interstate commerce did not fall under
the 8 7 jurisdiction of the FPC, reaffirming
the decision in Border Pipeline Co. v. FPC,
171 F.2d 149 (D.C. Cir. 1948) (discussed

in Chapter VII, §3 Approval of Imports,
infra}. The court did suggest, however, that
ander its § 3 order granting power the FPC
could impose the equivalent of the arguably
more exacting 8 7 certification requirements
on the construction or acquisition of import
facilitics or on the subscguent intrastate
sale of the gas. The court referred to the
FPC's § 3 authority as “plenary and elastic"
{fd. at 1064} and went on to say:

"While imports of natural gas are a
useful source of supply, the
potentizlly detrimental effect on
domestic commerce can be avoided

and the interest of consumers protected
only if they are subject to compre-
hensive regulation; such regulation
cannot or will not, as a practical
matter, be imposed by the states; such
imports will, therefore, be in the
public interest only if the Commission
exercises with respect to them the
same detailed regulatory authority
that it exercises with respect to
interstate commercc in natural gas.

In short, we find it fully within

the Commission's power . . . to

tmpose on importers of natural gas

the equivalent of § 7 certification
requirements LM (Tda)

On the interesting issue of whether or not
Distrigas was co-mingling LNG for intrastate
sale with LNG for interstate sale (it was
admitted that a small fraction of the imports
would be so0ld in interstate commerce) the
court noted that the Commission had withdrawn
this hasis for its assertion of jurisdiction
and that therefore it was not an issue on
appeal. The court did suggest, however,

that the approval of the construction of an
importation facility such as an LNG terminal
could be greatly complicated if co-mingling
were present, especially if the operations
“were largely or entirely intrastate at the
outset and only later became interstate"
after the terminal was "already constructed
and in operatioen, making the traditional

test for 3 7 certification--economic feasi-

bility, adequacy of supply, financing, costs,
etc.--much more difficult to apply™ (Id. at
1061-1062, n. 24).

There has been some pressure to let the
Coast Guard expand its LNG jurisdiction to
include site approval for LNG terminals.
Representative John Murphy of New York intro-
duced a bill (H.R. 4440) on March 6, 1575, to
require the Secretary of Transportation to
certify sites adjacent to the navigable
waters of the United States suitable for the
location of liquefied natural gas storage
terminals. If such legislation were passed,
questions might arise as to whether a terminal
operating on non-adjacent property which
simply had an easement over waterfront property
for its pipelines and its pier foundation
could be covered under the legislation.
{Compare 33 CFR B 6.04-1 (1975)). Similarly,
there may be some doubt whether the Secretary
(or the Coast Guard, under delegated powers)
could actually select a particular site for
a particular applicant or could only certify
an inventory of suitable sites to limit the
applicant's cheice. In any event, the bill
did not emerge from the House Committee
on Merchant Marine and Fisheries.

INPUTS FROM OTHER AGENCIES

Many LNG terminals will require either long
finger piers reaching out into water of
adequate depth or the dredging of new channels,
or hoth. The permits for this type of con-
struction or dredging activity are issued by
the Army Corps of Engineers under its authority
from 88 401, 403 of the Rivers and Harbors
Act (33 U.S.C. 88 401,403 (1970}).

The Envirenmental Protection Agency over-
sees the preparation and circulation of
environmental impact statements and other
agencies such as the Department of Interior's
Burecau of Fish and Wildlife Service or the
National Marine Fisheries Service may Teview
applications or intervene pursuant to their
powers under the Fish and Wildlife Coordination
Act (16 U.S.C. 88 661 et. seq.}. To the
extent that precautionary areas or traffic
separation schemes or other elements of a
vessel traffic system may be required for
navigational safety of the LNG carriers as
they approach or depart the berth, the U.S.
Coast Guard will necessarily be involved
as well.

STATE AND LOCAL CONTROL
ENVIRONMENTAL COKCERNS
In the area of environmental legislation

state control often turns on whether or not
there is preemptive federal legislation.
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(Compare, Askew v. the Americam Watertays
Operators, 411 U.S. 325 (1973) {licensing
requirements and strict liability for marine
0il terminal operators) with City of Burbank
v. Lockheed Atr Terminal, 411 U.S. 624 (1973)
{local attempt to curfew airport to minimize
noise precmpted.)}) In some areas such as
shareside c¢ffluent pollution of water, Con-
gress has intended the states to take a
major regulatory role. See, #.00,
B 1251 (Federal Water lollution Control Act
Amendments of 1972) where it is stated "It

is the policy of the Congress to recognize,
preserve, and protect the primary responsi-
bilities and rights of the stagtes to prevent,
reduce and climinate poltution M
Although the word "primary” ts missing,
similar language is found in the Estuarine
Areas Act of 1968 with regard to the state's

role in "protecting, conscrving and restoring”

estuaries (16 U.5.C. 8 1221 (1870)). FEven
though the (oast Guard has heen given exten-
sive powers under the Ports and Waterways
Safety Act of 1972 (33 WL.5.C A, 1221 =%,
geq. {19751), federal legislation specifi-
cally permits states to requite and enforce
even higher (but not lowcr) standards in
regards to “structures. (33 1.5.C.A. B
1222¢b} [197%)). Certainly an LNG terminal
would be such a strugture. See ngemerally,
Swan An s Watermsays: Flovide 041 Pol-

fom Teateiation Makes Tt Over First
hH!dZu, 5 1. Maritime Law & Commerce 77,
35-97 (1973).

As & practical mattoer the environmental
impacts uf constructing and operating LNG
terminuls are relatively minimal., 1€
dredging 15 required there is a need to
consider the impact ot disposing of the
berm and of instrusicn on indigenous crus-
taceans. Filling of cstuarine areas might
be involved but is not innevitable. Sewage
and effluents, other than warmed water are
minimal or nonexistent. For discussion On
water warming through ambient vaporizers, gee
Chapter 11T, Preparatiop of Environmental
Impact Statement, 77 ru. Even spilled LNG
has no lasting environmental effect. 1t
may temporarily frecze earth or the surface
of water hut even large spills evaporate
in less than an hour with little or no
impact on marine biota or water purity.
ZONING CORSTBERATIONS

Local zening ordinances may preclude
locating LNG terminals in certaln areas.

Such zoning has long been held constitutional,

see, e.4., Village of Euelid v. Ambler
Fealty Co., 272 U.5. 365 {1926) and State
v. Jersey Central Power & Light Co., 262
A.2d 385 (1870}. If a state attempted to
totally zone out any ING terminal anywhere
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33 U.5.C.

on its coastline this would very likely have
to be justified on safety or welfare, the
so-called "police power'" grounds, rather than
on notions of an orderly allocation of function
to assure the highest and hest use of land.

In the broader context of coastal zone manage-
ment, Congress has sought to covourage the
states to excrcise their full suthority in
developing and implementing management pro-
grams to "achieve wise use of the land and
water resources of the coastal zone giving
full censideration to ecolopicui, cultural,
historic and aesthetic values o: well as

to needs for economic deveiopment.' (16
U.S.C.A. B 1452(¢a) (1975 supp.}. As a result
of this 1972 legistation, responsibility

for gemeral zuning plans has heen passed to
the states, subjcct to tederal approval.

In California the policy puidelines of the
Coastal Management and Bevelopment Agency
specify that only one iNG terminal shall be
permitted in the Californis coastal cone
until "engineering aml operationa! practices
can climinate any undue risk.  Initially
the policy requires thut ING terminals shall
be built "wnly on sites rvemote from human
population concentrations.” Construction of
LNG port facilities "shall not involve
dredging or filling of land areas unless
there 15 no less environmentally damaging
alternative." Special consideration shall be
given to the impact of cool water discharges
into sea water. (Policy No. 95}, Various
general requircments such as diking, tank
structure integrity, carthquake and firc
protection, and auxiliary power supplies
arg developed in Policy No. 97.

STATE PUBLIC DFILITTRES COMMISSIONT

To the extent LAG terminal operators are
making intrastate sales, rates and tariffs
may be regulated, scrutinized and approved
by state Puhlic Utilities Commissions,

See Chapter VII, 8 7 Certification and 8 4
fpproval of Rdtea, .'ﬂﬁ“ﬂ1f+-unaf Tssuaa
displacement sales, ixfra, for the fudcral
jurisdictional impact of "displacement
sales.” Distrigas of Massachusetts sought
and obtained the approval of seventeen Jif-
ferent state regulatory agencies before
building the LNG tank: on 5taten lsland in
New York {now owned by Eascogas) (ae2 Con-
ference on LNG Importation, swrra at 179-
184 and 194).

SAFETY CONSIDEREATIONS

Even if Congress has legislated in an area
extensively but has not explicitly preempted
state safety regulations a state may usually
proceed under its police powers for the safety
and welfare of its residents. See, e.g.,



Quinn v, New York Bi. of Standards & Appeals,
357 N.Y.5.2d 762 [(1974) holding the decision
in Hatrigas suprra did not prevent state
courts from considering LNG terminal safety
issues raised by residents of the surrounding
ared.

fn maritime law there is also some prece-
dent for this type ot regulation. The
maritime-but-local doctrine as enunciated
in Cocley v. Board of Port Wardens, 53 U.5.
299 (1851) upholds local estazblishment of
pilotage and quarantine requirements. Sim-
ilarly, in Kelly ». Washington, 302 U.5. 1
{1937), a statc was permitted to require
safety inspections pertaining to the hull
integrity of amall craft but the scope of
such regulation was expressly limited to that
which was "plainly essential to safety and
seaworthiness" (74. at 15). Important
litigation is now pending on appeal from the
district court for the Wcstern District of
Washington (Aflantic R{chfield Tompany v.
Evagns, Docket No. € 75- 648] in which a tanker
operating company is challenging the State
of Washington's prohibition of tankers in
excess of 125,000 deadweight tons from Puget
Sound and its requiring (in the absence of
tug-assisted transit) special hull coenstruc-
tion and configuration for oil tankers be-
tween 40,00 and 125,000 deadweight tons
{Chapter 125, Laws of hashingten 1975, Ist
Extraordinary Session). (fee gemerally,
Swan, Americarn Wieterways . . ., supra at
$6-93). 1In practice, the question of whether
a state's attempt to promulgate and enforce
safety requirements for LNG terminals was
preempted by the Natural Gas Act and the
Natural Gas Pipeline Safety Act would be
difficult to resolve. (ompare, Northerm
States Power Co. v. Minmesota, 320 F.Supp.
172 (. Minn. 1970) aff'd, 447 F.2d 1143
(8th Cir. 1971, aff'd Mem,, 405 U.5. 1035
(1972) {more stringent state standards for
nuclear power reactor designs struck down
in view of utility's compliance with Atomic
Energy Commission standards), ond First
lowa Hydroelectric Cooperative v. FPI, 328
U.3. 152 (1946) (state engineering require-
ments related to water diversion on inter-
state power dam held not binding in federal
licensing proceeding), wtith Culifeornia v.
Zook, 336 U.S8. 725 [1949) (enforcement of
state law upheld where '‘ride bureaus" use
of non-licensed carriers violated both state
and federal law), and Chrysler Corp. v.
Tofany, 419 F.2d 499 (Zd Cir. 1969) (national
uniformity under federal law subordinated
to state regulation designed to accomplish
the same end of reducing accidents on high-
ways).

The New York legislature recently enacted
legisiation covering the certification and

siting of LNG terminals and conversion
(vaporization) facilities., The Department
of Environmental Conservation is charged with
establishing criteria for the siting of LNG
facilities as well as issuing certificates
of environmental compatibility and public
necessity to applicants desiring to construct
or operate such a facility. (Chapter 892
Laws of New York of 1976)., The siting re-
gulations are to take account of population
density adjacent to and along the delivery
route, transportation risks, and projections
of LNG plume dispersion in the event of a
casualty., {J7d. § 23-1709). Applications
must be filed by any person desiring to
construct, enlarge, or put into use any
presently unused facility. The State Depart-
ment of Transportaticn is to establish
criteria for safe transportation and if over-
land routes are employed, the Department of
Environmental Conservation must approve the
delivery route (Id. § 23.1713). Special
provision is made for the training and quali-
fication of municipal fire department person-
nel in risk-exposecd areas for coping with
ING fires. The cost of this training is to
be assessed against the facility owner "to
be included as part of the expense related
to the furnishing of this form of energy"

. presumably as a permissible addition
to expenses in formulating rates (Id.
23-1715}. Grandfather rights are given to
facilities already in operation by September
1, 1976, but if, after a special review, upon
a showing of "alternate means of meeting the
service needs currently satisfied .
[by the facility] or upon a showing that the
service needs . are not sufficient to
outweigh the public interest in safety" the
facility may be ordered discontinued. In
such event the agency may allow a phasc-out
period not to exceed three years from the
date of determination (Id. 23-1705(5) and
23-1719(3)). It is not clear from the
statutory language whether "phase-out" refers
to the gradual stepping down of throughput
or is simply a grace period during which
the facility may be operated in the normal
way. Facilities completed, but not in use
for any reason (this might well be the
situation at the Fascogas tanks on Staten
Island) may not be activated until such time
as the Department of Environmental Conserva-
tion has adopted and filed regulations
{(which must be done within one vear of the
effective date of the legislation). There
is a procedure set out for petitioning a
hardship case to permit the activity to
continue during the moratorium period just
referred to (Id. B 23-1721(3)). As to the
¢ivil liability aspects of the New York
legislation, see Chapter V, Terminal Owners
Liability, Striet Liability by Statute,
infra.
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PREPARATION OF ENVIRONMENTAL IMPACT
STATEMENT

The Federal Power Commission is the lead-
ing agency in drafting the environmental
impact statement required under NEPA for
the approval of LNG terminals. G&ee Appendix,
Exh. 15 for FPC Order 415-C and the FPC's
rules and procedures with regard to inter-
vention.

There has been consideruble pressure from
industry te force the FPC into developing
site selection criteria and facility opera-
tion standards for LNG terminals. The pres-
sure for this has arisen mainly because the
certification hearings, especially when the
FPC carries the concurrent burden of pre-
paring the Environmental Impact Statement,
tended to be very long and pretracted. More-
over, many issues are argued redundantly and
massive records are compiled as subsequent
applicants and interveners develop the same
issues. (See, In the Matter of the Need
for Site Selectionm and Facility Operation
Criteria for LNG Impovtatiom and Storage
Terminais, FPC Docket No. RM 76-13). Peti-
tioners argue that recent cases have firmly
established a requirement for federal
agencies to issue a programatic environmental
impact statement when long-range, multi-
phase projects with heretofore unexperienced
impacts on the environment are involved. '
See, feientists' Ingtitute for Public Infor-
mation ne. v. AEC, 481 F.2d 1079 (D.C.
Cir. 1973) (“irretrievable commitment of
resources” to liquified metal fast breeder
reactor program}. A year earlier the D.C.
Circuit Court of Appeals had been critical
of policy in the environmental area as being
nestablished by default” and of "inaction
and environmental decisions [which] continue
to be made in small but steady increments
that perpetuate the mistakes of the past
without being dealt with until they reach
crisis proportions," Natural Resourcee
Defense Council v. Morton, 458 F.2d 827,
836 (D.C. Cir. 1972) (sale of oil and gas
leases). In Sierra Club v. Mortom, 514 F.2d
956 {D.C. Cir. 1975) cert. granted sub. nom.,
Kleppe v. Sierra Club, ___U.S. , 96 5.(t.
772 (1976} the court stated that programatic
EIS's can be required even if the agency is
granting approval in a series of actions
which it does not overtly define as a
“program.”'

FROCEDURE FOR APPLICANTS AND INTERVENORS

On occasion, the various agencies con-
cerned with developing policies, granting
approvals, and evaluating proposals have
cooperated in the preparation of environ-
mental impact statements. For example, the
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Department of Interior and the Federal Tower
Commission entered into a memorandum of
understanding to jointly prepare the Alaska
Natural Gas Transportation Systems EIS
(Statement aof John S. Smith, supra at 40-41,
and n.2). Jurisdictional problems caused
the agreement to be recinded subseqguently,
but the two agencles’ staffs continued to
work cooperatively.

With regard to the preparation of environ-
mental reports and the documents submitted
by an applicant for § 7 certification (which
are de facto utilized in conjunction with
applicants for a 8 3 order approving imports)
the Commission has issued Order No. 85 (Junc
7, 1973). HReguirements of this Order parti-
cularly relevant to LNG terminals include:
an identification of equipment and the sub-
mission of working drawings (Jd. at 33); a
description of land uses and a listing of
the locations of major transportation
corridors nearby such as ship channels and
aviation traffic patterns (Id. at 35); a
description and analysis of impacts resulting
from actidents and natural cutastrophes
and the capability of the facility to absorb
the predicted impacts (Id., at 40); a dis-
cussion of alternatives to the proposed
action showing the systematic procedure
used to arrive at the final propesal including
a balancing of environmental costs and benefits
(Id. at 47). "All realistic altermatives
must be discussed even though they may not
be within the jurisdiction of the Commission
or the responsibilities and capabilities of
the applicant.” (Id.) This last requirement
drew eriticism at the hearings but the
Commission declined to modify it. It did
say, however, that it would apply a rule of
reasonablencss as articulated in Natural
Resourcer Defense Cowncil v. Morton,

458 F.2d 827 (D.C. Car. 1972) wherc 1t was
said that “NEPA was not meant to require
detailed discussion of the cnvironmental
effects of single 'alternatives’ put forth
in comments when these effects canmot be
readily ascertained and the alternatives
are deemed only remote and speculative
possibilities.™ (Id. at 837,838} {Quoted
in FPC COrder No. 485 at 6.)

The timing of the issuance of the final
environmental impact statement has recently
been before the United States Supreme Court,
Aberdsen and Rockfish RR v, S.C.R.AF.,

442 U.S. 289, 95 S.Ct. 2336, 2355-56 (1975}.
The court said that the final EIS must
accompany the agency's proposal through the
agency review process where the agency is
initiating the action. On the other hand,
where the agency is responding to proposals
from the regulated parties the finai EIS
need not be prepared until the agency



"reports'’. However, if an apency has failed
to give written consideration to environ-
mental issucs, this failure is reviewable
whether or not the apency's order or rule
making is otherwise ripe for review (7d.

at 2355). Thus, in the case of the applica-
tion for an importation permit by a single
appiicant it would seem that the issuance of
the FEIS could be contemporaneous with the
Commission's order. On the other hand, if
the FPC were to formulate site suitability
criteria or were to promulgate regulations
concerning terminal construction or methods
for computing allowable or tolerable levels
of risk this would be more on the order of

a programatic EIS initiated by the agency
and the FEIS would have to be available at
the time the proposal was made public and

prior to the public hearings. (Id. at 2356).

In any case the agency must not abdicate
its responsibility to consider, evaluate,
and articulate environmental impacts by
passively accepting the applicant’s draft
EIS. It must formulate the FEIS. (5eg,
Green County Flunming Bd. v, FFC, 455 F.zd
412 (2d Cir. 1972).)

Te the extent that the FPC treats 8 3
importation urders de facto like "public
convenience and necessity” certification
proceedings under 8 7 of the Natural Gas
Act, the procedural sequence would normally
proceed in the following order: the appli-
vant would file his application and support-
ing exhibits; the proceedings would be duly
noticed in the Federal Register with third
parties having thirty days to intervenc;
the FPC staff would study the proposal and
prepare its own ‘'workup''; if a public hear-
ing were requested by intervenors or the
FPC, it would be held before an administra-
tive law judge and typically the direct
testimony of the applicant, FPC staff and
intervenors (it any) is filed ahead of time
in written form and the oral portion of the
hearing is confined to cross-examination of
witnesses and experts; after the completion
of the ecvidentiary hearing, the administra-
tive law judge will issue his or her initial
decision as to which parties may take
exceptions before the record is presented
to the Commission. These in turn may be
reviewed by the five member Federal Power
Commission and if any party is dissatisfied
with the Commission's decision it can peti-
tion for a rehearing within thirty days; if
the petition for rehearing is denied or if
the third party is still dissatisfied, a
judicial review may be had in the Circuit
Court of Appeals, either in the District
of Columbia or in the District where the
principal facilities involved im the ap-
plication will be or are located. The
format of the application and the required

exhibits are specified in 18 C.F.R. 8 157.

STREAMLINING FOR SIMULTANEQUS CONSIDERATION
OF ALTERNATIVES

Applications of entities wishing to sell,
transfor, or receive natural gas (either
in gaseous or liquid form) from Alaska's
north slope and its associated continental
shelf to other states of the United States
will be expedited under Public Law No. 94-
586 which was signed into law on October
27, 1976,

In this legislation the FPC is directed to
review all applications pending concerning
such natural gas as well as "other reasonable
alternatives” for the transportation of such
gas and to deliver its recommendation for a

single system by May 1, 1977 (5. 3521, 8 5(b)).

See Appendix, Exh. 6.

The Commission must consider and discuss in
its reports the following factors: (1} pro-
jected energy supply and demand for the
United States in each region including alter-
native fuel supplies and deliverability of
natural gas; (2) the impact upon competition;
(3) transportation costs and delivered prices
for each region of the country over the
economic 1ife of the natural gas transporta-
tion ecquipment; {4} the extent to which, if
at all, the system could be used for other
natural resources in addition to Prudhoe
Bay gas; (5) environmental impacts; (6} safety,
efficiency and potential for interruption;
(7] construction timetahles; (8) feasibility
of financing; (%) supporting reserves, both
proven and prohable; (10] cost to consumers;
{11) capability and cost of expanding the
system to transpert additional volumes in
excess of initial system capacity; {12)
estimates of capital and operating costs.

(Id. B 5{(¢}). The Commission's report is

to be a matter of public record. Other
agencies and interested parties would have
until July 1, 1977 to submit reports to the
President commenting on the recommendation
of the FPC with regard to their own expertisc
in areas of environmental impact, safety,
international relations, national security,
financing, impact on the national economy
and relationship to other aspects of national
energy policy (I4. § 6(a)). By Secptember 1,
1977, the President shall decide and issue
his decision as to which Alaskan gas trans-
portation system, if any, shall bce approved
(the President may defer his decision up to
ninety days). He shall decide this on all
the information provided him as to which
system, if any, best serves the national
interest and, additionally, shall consider
specifically the impact toward reducing the
dependency of New England and the middle
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Atlantic states on imported oil. The
President's decision shall be transmitted
immediately to the Senate and House of
Representatives on the first day that both
are in session, accompanied by a detailed
report {(ld. 8§ 7(a)(1) and 7(b)}. If public
financing is foreseen in whole or in part,
the President's report shall make a recom-
mendation concerning the use of federal
financing authority (Id. § 7(c)). Within
twenty days of the President's decision
being delivered to Congress the FPC shall
issue a public report commenting on that
decision (Id. 8 5(g)). The President's
decision shall become final upon enactment
of a joint resolution of the House and
Senate in the first period of sixty calendar
days of continuous session after the receipt
of the decision. If Congress has not so
acted within the sixty days the President
has thirty days in which to propose a new
or modified decision and deliver it to Con-
gress (Id. 8 8(a)(b)). Procedures are built
into the bill whereby debate is limited and
filibustering is prohibited in order to
expedite Congressional review. Additionally,
the Council on Envirenmental Quality, within
twenty days of the transmittal of the
President's decision to Congress, shatll
provide an opportunity for any interested
person to present oral or written data,
views or arguments on the legal and factual
sufficiency of the environmental impact
statements prepared in connection with the
President's decision. Tt shall submit its
report and summary of testimony to the
appropriate committees in Congress {Jd.
8(f)).

Actions of federal officials or federal
agencies under the act shall not be open to
judicial review although c¢laims contesting
the validity of the uct itself may be brought
within sixty days of the enactment of the
joint resolution by Congress. Similar
review is afforded claims alleging infringe-
ment of Constitutional rights or actions
beyond the scope of the authority conferred
by the act. Exclusive jurisdiction is Ilaid
in the District of Columbia Circuit Court
of Appeals acting as a special court and
assigning such challenges docket preference
""to the greatest extent practicable.”™ The
court must render its decision within ninety
days unless a longer time is found to he
required to “'satisfy requirements of the
United States Constitution.' Further ju-
dicial review is limited to a petition for
certiorari with the United States Supreme
Court to be filed within fifteen days after
the decision of the Court of Appeals (Id.

§ 10).

Other features of the bill of interest
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include making exports of Alaskan

north slopc natural gas in excess of one
million cubic feet per day are contingent
upon a Presidential finding that "such )
exports will nor diminish the totul quantity
of quality or increase the total price of
energy available to the United Stateg and
are in the national interest” (/<. 8 12).

It is unclear whether the daily quantity
limitation is for individusl projects or

is cumulative for all cxports having their
origin in north s=lope production. Also any
recommended system must include plans for
direct delivery of Alaskan gas to states
both east and west of the Rocky Mountains.

Finaily there is a provision requiring
equal access to Alaskas natural gas trans-
portation systems. This effectively would
prohibit the practice of piving priority
to equity users. FExactly what the implica-
tions of this would be with regard to LNG
carriers is hard to foresee. At the very
least, it seems difficult to canvert what
is a classic case of dedicated private
carriage to a situation of common carriage,
especially when rccciving and vaperization
plants may be sized in reliance upon the
size of the LNG carrier fleet which would
serve them.

In addition to expediting otherwise pro-
tracted administrative proceedings and
judicial review, the propesed legislation
requires the simultaneous cvaluation of
and selection amonpg {ur rejecrtion of all)
competing proposals fer getting the north
slope gas to United States markets. Central-
ized planning seems desirable in this regard,
not only from the environmental standpoint
but in terms of the public interest and from
the demands on the capital financing market.
Second, the legislation will inject an
overtly political body, Congress, as well
as the Executive Branch, into the decision
making process, Although reasonahleness
of the decision and the definition of the
public interest are not open to judicial
review, the provisions for abbreviated
administrative review and for hearings both
by the Council of Environmental Quality and
by thc Congressional committees, and the
public nature of the various reports, should
ameliorate that shortcoming to a larpe
degree. Moreover, the traditional scope-
of -authority inquiry and constitional issues
are cpen to judicial review.

The concept of having procedures to deter-
mine which delivery systems will be utilized
when there are competing sytems is not only
logical and efficient, but is virtually
necessary in order to attract investors to
the respective projects. In most cases



economies of scale requite large volumes of
gas to be transported before there is a
reascnable return on the investment. In the
case of North slope gas, virtually the total
production would have to be dedicated to a
system to make it attractive to investors.
Thus the competing routes and methods of
transport are virtually mutually exclusive.

In Ashbacker Fadic Corr. v. FOT, 326
U.S. 327 (1945}, the Supreme Court held it
to be a mockery to delay the hearing on one
of the applicant's request for a broadeast
frequency when the FCC had already awarded
the frequency to another applicant. Pro-
fessor Davis has said of Ashbacoker "the
effect of the holding seems to be that an
applicant is entitled to a comparative hear-
ing . . . whenever un allegation is made that
two or more applications are wmatually ex-
clusive' {K. DAVIS, ADMINISTRATIVE LAW
TREATISE 575 (1958)).F

TECHNOLOGICAL ALTERNATIVES

There are of course a very large number
of alternatives which might conceivably be
considered, but three examples will suffice
to show the types of things which may use-
fully be considered. {olumbia Gas, operator
of the facility at Cove Pt., Maryland, de-
cided that crvogenic pipes could be encased
in an underwater trench to reach from an
offshure island pier, where there was suit-
able depth of water for the LNG carrier, to
the terminal facility ashore. Environmen-
talists had raised objections to the long
trestle or causeway supporring the pipes,
and the alternative solution proved to be
technologically feasible. (feg Anderson
& Daniels, iNG Termingla: Eristing and
Propssed Systems Cowpored, Pipeline & Gas
Journal 44, 47 (September, 1975)).  Another
source of environmental concern has been
the cooling of sea water used in ambient
vaporizers. While studies of cooling water
used by nuclear power plants have generally
shown that a few degrces warming has not
Been harmful to aguatic life or has been
harmful only for a very limited radius
around the outflow pipe, it 15 relevant to
compute the volume of water effected and
the temperature gradient invelved. Western
ING Terminal Co. which is preposing to
build an LNG terminal at Oxnard, California,
plans to use seawater exchange vaporizers
for its base-lecad vaporization needs. At
ultimate project development there would be
thirty-six such seawater vaporizers using
a total of 450,000 gallons per minute. The
return seawater would be 12° Farepheit
cooler thon the water when it entered the
vaporizers. At the Oxnard facility, the
water would be supplied from the Southern

*See chapter end imfra for Alaskan gas deve-
lopments.

California Edison Co.'s Ormond Beach elec-
tricity gemerating station. When that power
plant is operating at full load the cooling
water used by it is raised 30° Farenheit
above ambinet ocean temperatures, thus a

12° drop in temperature would not leave the
water below ambient temperature, but would
actually help cool it back toward that
temperature from the heating it received in
the power generating plant. (See, Pacific
Indonesia Project, DEIS 11-12 (FPC May 1976)).
Studies by Dames § Moore of the Ormond
Beach generating station effluent have shown
no measurable negative biotic impacts have
occurred in the outfall arca as a result of
thermal discharges exceeding the ambient
seawater temperature by as much as 30° Faren-
heit. (Pacific Indonesida Project DEIS 110
{FPC May 1976)).

Finally, seawater exchange vaporizers often
require biocides te be added to the water
to keep the exchanger tubes free of marine
encrustation. Obviously if these biocides
are added in large quantities, and if they
are not subsequently neutralized, they might
have an adverse effect on marine life back
in the ocean when the water 1s returned.
{52e, Findings of the California Coastal
Agency in comjunction with issuance of its
"Policies on ING Facility Siting"; Anderson
g Daniels, ILANG Terminals . ., auprm at
66).

Some innovative symbiotic relationships
have been envisioned for the potential LNG
terminal in Newport, Oregon in that a
refrigerant might be shared between an
adjacent ice plant and the vaporization
equipment at the LNG terminal to accomplish
the heat transfer needs of hoth facilities
at a reduced cost.

RISK ANALYSIS

in order to better assess the safety of
proposed LNG transport and terminal opera-
tions, sophisticated risk analvses using
logic trees, mathematical simulations, and
drawing on the disciplines of physics,
fluid dynamics, gas dynamics, wmetallurgy,
statistics and higher mathcematics have
heen developed. Essentially the inquiries
proceed as fallows: The probability of a
leak-producing event (ship collision, tank
or pipe rupture, tank penetration by missle
or airgraft, or externally caused rupture,
€.g., earthquake, hurricane or tsunami} 15
computed. This computation in itself is
really a two-part computation involving the
probability of the event occuring and also
a determination of the conditional probabil-
ity that having occurred, sufficient forces
and energy will be inveolved to cause a
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rupture. These probubilities are thep multi-
plied together and are usually annuallzed.

to fit the concept of annual risk of an LNG
spill. The second step is to compute the

LNG cutflow and from this, to postulate

pool size and location. Instantaneous out-
flows are assumed in most of the models. The
third step invelves heat transfer computa-
tions to establish a rate of vaporization.
The following step introduces gas dynamics

to determine the configuration of the plume,
its gravity flow, its wind transport, the
entrainment of water vaper, and turbulent
mixing. The next step determines the prob-
ability of ignition and the radiant heat flux
falling upon given targets from piume and/
or peol fires. The penultimate step is to
make assumptions about the number, location
and vylnerability of human targets. Then
the product of these probabilities is ob-
tained to assess the ultimate risk of mor-
tality which is site-dependent for any given
terminul location and environs. Some of

the commonly accepred measures of risk are
fatalities, fatalities per year, and
fatalities per person exposed per year.

There are several research organizations
engaged in penerating risk assessments in
this area or in related areas. A detalled
description of the techngiues of cach of
these organizations and their conclusions
with regard to various proposals will net
be attempted. I[nstead, the principal tech-
niques used will be identified and described
in general terms. Sources of basic data
will be identified and illustrative outcomes
for at least one terminal propesal will be
reviewed.  Ambiguities or dubious assumpt ions
will be noted when there is a possibility
of producing a material bias in the ultimate
assessment .
LNG CARKIER  DASUALTIES

Science Applications Inc, developed a
sophisticated risk assessment for the
Western ING Terminal Co. Its model Postu-
lates that ships get into collisions because
of random movements, not in accordance with
n?vigation rules or pricr plans, The expres-
s5ion "random movements™ does not necessarily
relate to capricious or involuntary rudder
positiens. Rather it refers to the "collec-
tive ensemble' of human error in judgments
and oversights and mechanical failures
which cause ships' maneuvers to deviate from
the prescribed or anticipated safe patterns.
(Letter from Lawrence Gratt and Eugene Chen
of SAT to author dated October 26, 1976).
The method defines an area of interest
called a "transit zone" which is roughly
square in configuration. Using specified
velocities, the time it will take a ship 1o
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transit the none moving parallel to one of
its edges can be computed. Base datg Statis
tics are used to compute the probability of
encountering another ship in the transit one,
Enowing the number of transits in the genera}
vicinity per vear, that number can be divided
inte the number of sceonds in a year to fing
the probability of a ship being within the
zone during the number of scconds it takes
the LNG carrier to complete its tragsit,
The more difficult feat is computing the
probability per unit time of a collision
given that both of them are in the same zone
and on a random course. For this it is
important to know the size and relative motien
of the two ships. Since the relative bearings
of ships will remain constant if they are on
a collision course, SAl has constructed an
expression for the flux of colliding ships

at specific angles. Since the ships are not
non-dimentional points, but in fact have vast
length and substantial width, a "target cross
section'' is computed for use in the formula.
Using the target cross-section of each ship
and relative velocity of closing it is
possible by trigonometric manipulation to
determine the flux. This flux can then be
integrated over all possible collision angles.
Finally, a collision parameter is introduced
to take account of the fact that not all
ships will be mancuvering into collision at
all times within the area under study. SAI
developed a weighted parameter by comparing
the totally stechastic prediction of accidents
against the history of actual collisions in
the ports of Los Angeles, Long Beach, Boston,
New York, Tampa, Galveston and Mississippi
River deltu. A specific parameter for each
pPort area was derived. The individual
Parameters were then combined after being
given a weight proporticnal to the square

of the traffic transiting the zone to which
they refer. (Science Applications Inc.,

LNG Terminal Risk Assessment Study for Oxnard,
Calfironia, Appendix 5.A and p, 5-19). Even
lacking empirical coliision data, it is felt
that 4 collision parameter can be approximated
from "'fundamental information on general
human behavior, equipment reliability, etc.”
(Chen, "Analysis of Ship Collision Probabilities
in Papers Presented at Fourth International
Symposium on Transport of Hazardous Cargoes
by Sea 237, 246 (USCG/NAS 1975}).

Base data for the SAI study and for most
of the other collision risk assessment models
are derived from the Waterborne Commerce
Statistics compiled ammually by the Corps of
Engineers and from Accident Statistics of the
1.5. Coast Guard. These statistics were
studied by SAI for the seven traffic areas
Previously mentioned. The Army Engineers
statistics are compiled by vessel draft while
the Coast Guard statistics are compiled by



displacement tons. Therefore further pos-
tulations concerning the relationship of
draft to displacement must be made to convert
the data. LUCoast Guard statistics differen-
tiate between tankers, passenger/cargo ships,
barges and tugs so tanker data is used as
tankers most closcly resemble LING carriers.
Tankers were assumed to proceed at an average
speed of 8.9 knots through the areas in
question with tugs being slightly slower and
cargo vessels being slightly faster, SAJ
projected 3,000 transits of ships with
displacements over 1,000 tons in a year's
time for purposcs of this study. In the
vicinity of Oxnard, California, this appears
to be a realistic projection.

The square area wvsed in the SAI study
lies between the north-bound coastwise
traffic lane and the coastline. Inbound
LNG vesscls from Alaska would have to turn
to port and cross in front of the northbound
traffic lane. Vessels arriving from Indonesia
would probably cut across both northbound
and southbound lanes. C(oastwise traffic
in the lanes would be presumably much higher
than in the traffic area SAI has modeled.
While each lane is fairly narrow and transit
time would be relatively short, this could
prove a deficiency in the application of
their model. On the other hand, the north-
hound (closest) lane is at least four miles
offshore so that any collision that took
place in the lane would require that the
LEG vapeor plume travel at least four miles
te reach inhabited mainland. (Id. 5-2).

The FPC staff in preparing the draft
chvironmental impact statement for the
Pacific Indonesia Project, which was also
1o use the Oxnard Terminal facility, deter-
mined that tanker casualties were related
to tanker transits with a probability of
4.4 x 10-3 casualties per trip. Staff
applied this probability which had been
generated by the Oceanographic Institute
of Washington in irs “"Offshore Petroleum
Transfer System for Washington State, a
Feasibility Study” (1974) which was based
upon screening of empirical records for
seven traffic areas: Chesapeak Bay; Delaware
Bay; the Gulf Coast; Los Angeles and Long
Beach; New York; Puget Sound; and San Fran-
cisco. This accident rate includes colli-
sions, rummings and groundings. Using the
well-known study by Porricelli, Keith §
Storch ("Tankers and the Fcology" 67 (SNAME
Transactions 1971)), FPC staff factored the
total casualties into the three categories
mentioned above. Then, using casualty
reduction factors derived from the Coast
Guard's "Vesse] Traffic Systems: An Analysis
of Port Needs' (1973) the staff had the
capability of determining whether a vessel

tratfic system could further reduce various
types of casualties. ilowever, there is no
VTS proposed for Oxnard so these fuctors were
disregarded in this particular study. Using
the casualty weighting factors, 32% of the
castualties were assumed to be callisions,
29% rammings, and 39% groundings. (Pacific
Indenesia Project DEIS 310 (FPC May 1976)).

Having thus predicted the number of col-
lisions, rammings and groundings, the staff
praceeded to estimute how many of these would
cause the release of LNG cargo. Relying on
statistics collected by Porricelli, Keith and
Storch in their article "Tankers and the
Ecology", supra which showed what percentage
of casualties lead to # spill of oil when
vil tankers werc involved and which indicated
spill location using the categeries piers,
harbors, entrances, coastal and sea. Staff
considered in this statistical breakdown
only those spills in which the discharge was
in excess of 1000 tons (a 1000 ton spill of
LNG would be approximately 2000 cubic meters
or 8% of the capacity of one of the cargoe
tanks on a 125,000 cubic meter LNG carrier).

Relying on recent studies of grounding inci-
dents invelving forty-three cases, the staff
found that only 15% resulted in penetrations
exceeding u height equal to the beam of the
ship divided by fifteen. Designs for the
present second generation and the proposed
third generation LNG carriers indicate that
cargo tanks would be further from the outer
bottom plating than the distance derived
from this ratio and thus a "reduction factor"
of 0.15 (100% less B5%) was applied to the
grounding projections. (Pacific Indonesia
Project DEIS (FPC May 19763 at 311-313,
citing, on bottom penetration, .J.C. Card,
"Effectiveness of Double Bottoms in Prevent-
ing 0tl Outflow from Tunker Bottom Domage
Incidents", Muine fechnology  60-64
(Jan. 1975)). Tt would appear that there
is a possibility of including this factor
twice since a similar reduction factor was
used to generate the pellution-causing-in-
cident factor mentioned carlier. Insofar as
groundings are concerned, it is entirely
possible that the reason less than 20% of
the vessels grounding spilled oil was that
some of them already had double-hottomed
tanks. It is true that mast vessels at the
time of the Porricelli study did not have
double hottoms, but at least in theory this
seems to make the reductien factor somewhat
suspect.

Staff applied a similar reduction factor
to collisions based on a 1973 Coast Guard
study {Bovet, Preliminary Analysis of Tanker
Grounding and Collisiens (U.5.C.G., Jamn.
1973)73, in which fifty-two collisions studied



showed the median depth of penctration was
5.2 meters. A somewhat earlier study ana-
lyzing sixty-seven collisions found a median
penetration depth of 4.8 meters (Comstock

& Robertson, Survival of Collision Damage
Versua the 18960 Convention on Safety of

Life at Sea, 69 SNAME Transactions (1969)].
These same two studies indicated that in

75% of the coliisions studied the penetration
depths exceeded the depth of the inner hull
of an LNG tanker. As a result, the staff
uses a 0.75 factor for collistons. It should
be peinted out that if spherical tanks are
used, this reduction factor may be conser-
vative since only at the peint of tangency
will the tank be as close to the outer hull
as the distance between the inner hull and
the outer hull.

With regard to ramming, it was felt that
the use of bow thrusters (especially helpful
in docking procedures) and the large mass
of metal forward of the forwardmost tank
would both tend to mitigate tank rupture from
this type of incident. There is approximately
110 feet of hull structure forward of the
number one tank. {Pacific Indonesia Project
DEIS 317 (FPC May 1976)). Computations
have indicated that speeds in excess of
thirty knots would be necessary for rupture
of the forward tank in a head-on collision
with an elastic object, Z.e. another ship.
FPC staff takes the position that this is
greater than the speed of which LNG carriers
are capable, but this may mask the fact that
in a head-om collision (as opposed to ram-
ming an anchored ship} where both ships had
forward motion, their velocities would be
additive. On the other hand, if an inelastic
collision ceccurs (say with a bridge pier),
any speed above 10 knots could cause rupture
{Id.). The staff finailly decided upon a 0.15
factor. The pollution-causing incident
statistics showed that only 11% of the 222
ramming incidents studied caused an outflow
giving credence to the staff's choice.

A somewhat similar methodology was used
by the FPC in its Final Envircnmentzl impact
Statement on Alaska Natural Gas Transporta-
tion Systems. The analysis there took its
original probabilities for a tanker incident
from historic Coast Guard records of Cook
inlet and Price William Sound. There seem
at least two serious objections to this
methed. [t ignores the fact that traffic
would increase from roughly sixty-three
tanker trips per year in 1974 to a much
higher number of trips when the LNG project
reaches its ultimate capacity. Four hundred
twenty-five "deliveries' per year are pro-
jected for the Gravina Point facility.

Since the LNG carrier must enter in ballast
and depart laden, this figure should be
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doubled for 850 transits. This would be a
more than fourteen-fold increase in the
traffic. Presumably traffic density has somc
correlation to collisions (the only reported
casualties invelving tankers in the past

have been groundings). Second, the size of
the tankers serving Princ William Sound ports
{principally Valdez] in the past have been
small utility tankers with smaller momentum
and greater maneuverability than the massive
LNG carriers. The FPC report may also be
questioned on one of its "reduction facrors".
The staff uses a collision factor of 0.Z5
based on the fact that the LNG carriers will
have double hulls. As a support theory for
this, the staff cites a 1973 study which showed
a 73% reduction in oil spills from groundings.
{El Paso-Algeria Corp., "Report on Enviren-
mental Factors for the Marine Transportation
of LNG in the Delaware Estuary' FPC Docket
No. CP 73-258 (Sept. 1973) cited at Alaska
Natural Gas Transportation Systems, FEIS
111-409 and 11-582 {FPC April 1976)). MWhile
the double hulls are indeed useful in pro-
tecting the cargo tanks from grounding damage,
they are substantially less effective in
diverting penetrations through collision

(gee discussion of Pacific Indonesia Project
suprd) .

Assuming a casualty has occured and the
penetration is deep cnough to reach a carge
tank, it is obvious that not every portion
of the hull is used to enclose cargo tanks.
Moreover, analysis may be relevant to deter-
mine whether more than one cargo tank is
ruptured in a casualty. Most LNG carriers
designs have approximately 66% of the ves-
sel's length devoted to cargo tanks. The
various studies of cargo tank vulmnerability
have indicated the probability of striking
a vulnerable area between 66% and 82%,
(Compare, Comstock & Robertson, supra,
and 4 U.5. Coast Guard Commandant's Inter-
naticnal Technical Series 55 (April 1974)
cited in Pacific Indonesia Project DEIS at
322 with Minorsky, 4n Aralyets of ship
Collisions with Feference to Ppotection of
Nuclear Power FPlants, Journal of Ship
Research (Oct. 1959 cited in Alaska Natural
Gas Transportation Systems, FEIS at I11-410).
Admittedly the rupturc of a single cargo
tank in a severe collision is more likely
than multiple ruptures. However, in membrane
type tanks, a collision at the transverse
bulkhead could rupture two adjacent tanks.
It can be shown from Comstock § Robertson's
data that the median collision damage length
was twenty-six feet and that 30% of the col-
lisions occurred at a location within twenty-
six feet of a transverse bulkhead. Staff
approximated the probability of a collision
being in a2 position to damage a transverse
bulkhead within the cargo tank portion of



the hull to be 0.365 (Pacific Indonesia
Project DEIS 321 (FPC May 1876} {arguably
this figure is too high due to a computa-
tional error {division instead of multiplica-
tion) and sheould only be 0.246} and the
rupture of more than two tanks by means of

a collision was not considered a credible
accident. A possibie deficiency in this
analysis seems to be that although the
reasoning is sound enough as to impact
penetration, it may possibly disregard the
effects of radiant heat from an LNG fire on
or immediately about the ship (spilled fr?m
the tanks that did rupture) on the remaining
tanks. Although groundings have resulted in
the complete rupturing of all cargo tanks

in 0il tankers, it seems correct that this
would not occur with regard to ING carriers
for the purposes of the '"worst case'
incident since the breakup of a ship due

to wave action usually takes place over a
period of days and would not produce an
instantaneous spillage of the ING. (Id. at
321}. Instantaneous spills are usually
modeled as the "worst case" because of the
large volumes released. In actuality non-
instantaneous spills {say those lasting
twelve to fifteen hours) could also present
hazards if a favorable wind direction shifted
over time to a direction that blew the plume
to a mere populated area.

In its September 1976 hazard analysis
{Cook Inlet-California DEIS) the FPC staff
used some differenmt assumptions which it
feels are more realistic. Only those casu-
alties involving tankers of 5000 deadweight
tons or more ail escaped were treated as
pollution causing incidents. Then the data
was examined as to frequency of cases where
20% of the cargo was spilled (Id. at II-1%6).
This figure was used because the FPC staff
abandoned its previous position that a
two-tank spill was the worst credible acci-
dent and now feels that a ome-tank spill is
the worst credible accident (Id.). Previous
studies by FPC staff had included all spills
where 1000 tons or more of cargo had been
spilled. The effect of these three changes--
{a) counting only larger spills, (b) factor-
ing down to the probability of a 20% (or
greater) volume spill, and (e¢) assuning
smaller (i.e., one tank) outflows--was to
substantially reduce the computed probability
of a spill (from 2.57 x 10~3 to 5.59 x 10-4)
and of a plume reaching land (from 1.18 x
1074 to 2.90 x 10-5). (Compare Pacific
Indonesia DEIS 329 (FPC May 1976) with Cook
Inlet-California DEIS I1-216 both for Oxnard,
California although the former is based upon
50% more arrivals.)

For ship-related casuvalties, a.g., col-
lisions, groundings or rammings while man-

euvering offshore or moored te an extended
offshore pier, these modifications are
probably realistic since usually only max-
imum outflows are capable of producing plumes
which could reach populated areas ashore.
However, if such maneuvers are close ashore
{e.g., in rivers or canals) or the piers

are shoreside (e.g., Distrigas' pier in
Everett, Massachusetts) they will under-
estimate the risk. That is, smaller outflows
could still produce plumes that could endanger
those ashore but the probabilities of such
lesser spills have nof been cumulated in the
overall risk assessment.

Another, less substantial, change in
the FPC staff's model resulted from a broader
data base [two additional years) for allecating
casualties into the collision-ramming-ground-
ing categories. The casualty rating factors
were adjusted for collisions from .32 to
.38, for rammings from .29 to .27, and for
groundings from .39 to .35 (compare Pacific
Indonesia DEIS 310 {FPC May 1976) with Cook
Inlet-California DEIS II-181, 191 (FP( Sept.
1976)).

The FP{ has used a vessel traffic system
reduction factor of .25 for LNG traffic
approaching or departing a liquefaction
terminal on Price William Sound. This is on
the assumption that the Valdez VTS will ex-
tend out into the Sound which appears con-
sistent with current planning, While it is
true that some studies have predicted accident
avoidance through vessel traffic systems will
reduce probability of rammings by 85% (see
Computer Sciences Corporation, "Final Report
of Vessel Traffic Systems Issue Study, "Ap-
pendix G. at 11 (March 1973)), these efficien-
cies apply more to stationary targets, i.e.,
anchored or moored ships, or aids to navigation,
sunken wrecks, ct¢., than to the situation
where two or more ships are actively man-
euvering. The FPC staff cited Coast Guard
evaluations of vessel traffic systems in the
Saint Lawrence Seaway and in the Port of
Rotterdam showing a four fold reduction in
ship collision (Alaska Natural Gas Transpor-
tation Systems FEIS at III-410 (April 1976)).

Science Applications, Inc. computed its
risk probabilities on the basis of scenarios
invelving a 37,500 cubic meter spill from an
LNG carrier. This would represent the entire
capacity of the largest single tank on a
third-generation carrier (Science Applicaticns,
Inc., "“LNG Terminal Risk Assessment Study
for Oxnard, Califernia", 8-78 (Dec. 1975)).
The FPC staff has computed potential outflows
based on a 740 cubic meter spill which is one
standard deviation above the mean observed
outflow of 435 cubic meters for oil tankers
in the vicinity of harbor entrances. The
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exponential formula for computing this po-
tentinl in probabilistic terms was derived
from CGceancgraphic Institute of Washington's
study of "Nffshore Potroleum Transfer Svstems
for Wrshirgton State” (December 1974},

Usirg *his formula FPC staff concluded that
the ~hance of a spill size exceeding 3300
cubic metrrs was only slightly better than
ane chanee in 100, {Alaska Natural Cas
Trancportation Svstems FEIS IT1T7-410-413

{FPC April 1976 ;. Althongh it is not en-
tirely ¢lear, it appears that this is derived
from a duta base of tanker casualties in
which oil spills of some size actually oe-
curred. It might be questioned whether ad-
ditional factors implicated in the rupture
of an ING tank, such as the potential for
fire and cryogenic embrittiement of hull
metal resulting in greater dynamic stresses
¢n the tanks themselves might cause this
reduction factor to be overstated. This
component eof the hazard analysis {which led
to a '"negligible" probability of a spill
size large cnough for the plume to reach
shore at Oxnard} has not been utilized in
subsequent studics and was only one of two
apparent ly parallel analvses in the Alaska
Natural Gas Transportation Systems FEIS
{rompars Yol. 1 Appendix A with Vol. ITI
Anpendix (),

Sclence Applications Inc, has extended
its collision computations to include ram-
mings of a moored LNG ship or of the 6000
foot trestle pipeway for the Oxnard terminal.
Here it used the 3 chances in a 1000 proba-
hility derived from the nuclear reactor
report attributing such collisions te human
ervor ¢. g misreading radar or misconstruing
nighttime shorelights while heading for
Port Heuneme some two miles away. [Science
Applicarions, Inc., "LNG Terminal Risk As-
sessment Study for Oxnard, Califorpia,"
(Western ING Terminal Co.) (December, 1975)
citing “"Reactor Safety Study and Assessment

-OWASH-1400 (0ct- 1975}). Mikiski
ING terminal in Alaska's Kenai Peninsula has
relatively strong tides and these have
proven to create some hazards involving
vessels colliding with LNG vessels leading
at the pier. In onc near-incident the
Chevron oil tanker, MV Tuttle, was attempt-
ing to dock near the end of a flood tide
but her crew were unable to secure the ves-
sel before the ebb tide had started. After
trying for an hour to berth itself, the
Tuttle abarted its attempt but because of
its proximity to the 5S Palar Alaska at
the LNG pier there was a danger of the ship
drifting out of control into collision with
the LNG carrier. Although the velocity in-
volved would have been small and it is
likely that collision would have been more
of a glancing or scraping impact than a
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perpendicular impact, =uch Icea? navigutiong
problems must he tuaken into account (se.
Alaska Natural Gas Transportation Systens
FEIS, TI 6-25 (FRO 197¢0 .

SAI's model alse includes o nore sophis-
ticated derivarion of the tank FUpture prob
bility based on the Minorsky method (Scicnee
Applicatiens, Tnc., "ING Terminal Risk As-
sessment Study for Oxnard, Califurnia 5.25
through 5-300 {December 1975} citing
Minorsky, 4n fnslyels of Ship feions with
Referense to Protesiim of Nucledr Povep
Plants, SNAME Journul of Ship Research
(October 1958)). For these purposes the
struck ship is considered as having no for-
ward motion since such motion contrvibutes
only to the length of the gash rather than
its depth of penetration (id. at 5-26).
Collision energy is a function of the mass
of the striking ship, the hydrodvnamic mass
of the struck ship, the velocity of the
striking ship and the angle of collision
{(fd.). The "structural resistance to defor-
mation™ can be computed us a functionm of
penetration depth and, by setting depth at
seven feet (felt to be the closest a cargo
tank would be to the outer hull}, a minimum
speed for the striking ship at any given
angle can be computed. 1Using the data base
of Coast Guard and the Waterborne Commerce
Statistics and analogizing ING carriers to
tankers, the probability of an ING carrier
heing the struck ship in a collision can be
derived. This is factored by an 0.82
probability that it will be hit within one
of the vulnerable "cargo tank" areas and
in turn factored by the probability of the
striking ship huving the necessary velocity
in excess of the minimum for penetration.
For collisions the angle of impact is twice
a5 likely to be in the range of 70° to 110°
than in the areas from 0® to 69° and 111° to
180° combined. This is not true where the
LNG ship is rammed while at dock since then
it is not a maneuvering vessel. In that
instance, the disperion of angles of impact
seems to be uniform throughout the range
(Id. 5-27 through 5-30).

Ll

Booz-Allen's 1973 study for MARAD utilized
@ simplified risk analysis based upon U.S.
Coast Guard Casualty Incidents Data and )
Army Engincers' Waterborne Commerce Statistics
(essentially the same data base used by most
of the collision risk analysis studies as a
starting point). Booz-Allen focused on the
ports (Boston, Providence, New York, Delaware
River, Chesapeake Bay, Savanna, Galveston
and Los Angeles) thought to be likely sites
of import terminals. Adjusting for ships
over 1000 gross tons and looking omnly at
incidents where monetary damage to the vesscl
exceeded $100,000 or losses to vessel and




cargo vombined exceeded $150,000, probabil-
ities of serious incidents per transit for
each of the cight ports were readily deve-
loped. Determining from operater proposuls
how many ships would he dedicated to each
port, knowing their average speed, and the
distance of the trade route in question, the
number of transits in loaded condition per
port wis derived. Applying this number of
transits to the probability-of-casualty-per-
transit fuctor, a major incident risk per
year for each port was developed (Booz-
Allen, supra VII-6 through 7-9).

Several nontechnical observations can be
made at this time with repard to casualties
to LNG carriers. ING carriers are designed
with superstructures aft; thus the hridge
is at least T0O feet astern of the bow. Faor
personnel on the bridge this creates u
sizeable blind spot in the water dead ahead
of the vessel. The blind spet is enlarged
in vessels utilizing spherical tanks since
the upper hemispheres of these tanks rise
high above the weatherdeck. An elevated
bridge is being employed an the General
bynamics design to partially alleviate this
problem. However, in constricted waters
one would ecxpect a lookout forward either
in the crow's nest in the foremast forward
of the No. | tank or in the eyes of the ship
both of which are provided with tclephonic
communjcutions with the bridge. ©On the
General Dypamics design the 3 cm. rudar
antenna is on the foremast providing a com-
pletely unobstructed picture forward of the
vessel, A 10 ¢m. radsr antenna is located
on the top of the pilut house resulting in
4 two-ship length blind spot dead ahead for
surface ochues (I.c., small craft}. The
overall radar voverage of these combined
systems more thun satisfies the 5 1/2° de-
flection rule {Abstract Specification for
125,00 cubic meter LNG ship by Gencral
Dynamics at 18).

The various ventilativn systems and gas
detectors required of ships built in com-
pliance with the IMCO Gas Code along with
the correlative temperature and pressure
indicators should greatly minimize the
possibility of operational fires or explo-
sion on board the ship or of tanks bursting
through overpressure oY underpressure. How-
ever, it must be noted that the best designed
ship may be pooerly maintained and the most
foresighted alarm system may be disregarded.
Thus training and indoctrination of person-
nel in maintaining the systems, heeding
their warnings and obeying standard operat-
ing procedures cannot be over-enphasized.

Fatigue failures and brittleness fuilures
of hull material and tank structures should

he vittualty climinated by adherence o

IMCO Gas Code reguitements which are pre-
dicated upon North Atlantic sea stresses.
Since some of the proposed LNG trade routes
involve Alaskan and Russiun seaports, air and
water requirements way huave to be mare
restrictive than permitted by the gencral
provisions of the TMCO Gus Code. This is
particularly true since LNG vessels are de-
signoed as shallow draft vessels not requiring
deepwater ports. With cargo capacity roughly
equivalent to 166,000 deadweight ton dis-
placement tankers and lengths approximately
the same as such vessels, it is apparent

that the ING carriers have much greater
freeboard. Moreover, spherical tanks designs
will have an even higher sail area. Under
such circumstances and allowing for wind
chill, the atmospheric ambient temperature
will be controlling over the seawater tem-
perature.

LOADING AND DINUHARGE

Science Applications, [nc. has employed a
fault tree analysis in assessing the risks
and prohabilities inherent in the loading or
discharge operation. In this context, the
fault treec schematically depicts component
failure modes, external cvents and human
acts or omissions capahle of producing sys-
tems Failures. For many of the initiating
events at the "bottom” of the tree actual
prebabilities are unkrown because there is
no data base available (either from want of
recordkeeping or hecause the system is new
and unique) or because no one has yet at-
temped to mathematically model the occurrence
of such an ecvent. In such cases, probabil-
ities are assigned "guesstimates usually
derived through the use of the Deiphi method
of group discussion featuring independent
appraisal, statistical manipulation of the
individual inputs, and feedback to the group
for further discussion of appraisal, etc.
This iterative technique is helieved to
producc reasomably accurate "ballpark"
pstimates providing the members of the group
have specialized knowledge in at least one
area relevant to the event under appraisal.

Such schematics are not only invaluable
in troubleshooting or in trying to anticipate
failurc modes but also serve as a graphic
and easily understood way of cumulating
probabilities in a complex System. Two types
of logic '"gate' are used. The "and" gate
depicts the situation where the cn-existence
of all input events is required to produce
the cutput event. The "or" gate depicts a
condition under which the output event will
exist if any one or morc of the input events
exists. Thus, working upwards through the
fault tree one first assigns probabilities
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to the nonreducible basic cvents. If two
or more of these events feed into an "ot™
gate the probabilities are summed. 1f two
or more of these basic events feed into the
"and'" gate the probabilities are multiplied.
The resulting sum or product then becomes a
probability of the next higher level on the
fault tree and so on until the probability
of the ultimate occurrence under study is
defined. See Appendix, Exhs. 16-19 for
illustrative fault trees.

Using fault tree methodology SAlL develop-
ed probabilities for leak of a ship tank
not undergeing transfer, leak of a ship tank
during transfer, leak in a ship-to-shore
transfer system during unloading, leak in a
pipeline with transfer not in process, leak
in a transfer arm, leaks in storage tanks,
and leaks in secondary pump areas (LNG Risk
Assessment for Oxnard, swpra 3-12 through
3-34). Probabilities input to the lowest
levels of the fault tree were assigned omn
the basis of engineering judgment drawing
upon the experience (both informal and
recorded) of the petrochemical and aerospace
industries, upon the probabilities utilized
in the AEC's Reactor Safety Study (WASH-1400}
{(which in turn were partially supplied by
the Delphi process), and upon the fourteen
year experience of the cryogenic industry.
To the extent probabilities were borrowed
from the petrochemical and aerospace indus-
tries, they were felt to be conservative
since the high pressures and temperatures,
corrosive mediums, and cyclic temperature
variations typical of those applications
are not present in LNG operations. {Inter-
view with Gerald Kopecek of SAT on Nov. 1,
1976}. On the other hand, cryogenic tem-
peratures would seem to present at least
as much potential for fallure as high tem-
peratures, The fault trees pertain to a
single tank s the probability derived there-
from must be smultiplied by the number of
tanks per ship and some feeling for the con-
tinuous presence of a ship at the terminal
area must be developed. At the Western LNG
Terminal, for example, 565 ship dockings
per year are projected with an average berth-
vicinity time of eighteen hours per ship.
From this, it can be computed that at any
given time there will be an average of 1.15
ship transfers under way. $al computes that
the probability of internal failure of the
ship's tanks is only 1.13 x 10-11 per year
(Id. at 3-15). One thing demonstrated by
the fault trees is that in general redundancy
pays off since the probabilities of indepen-
dently actuated fail-safe systems all fail-
ing simultaneously is the product of the
independent probabilities.

SAI also computed that the probability
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of a rupture of the ship-to-tanks transfer
system which could not be isnlated was only
1.6 x 102 and felt that this would not
appreciably increase the larger risk of ship
tank rupture in the vicinity of the pier
which was computed as 8.7 x 10°6. The
principal components eof that probability were
having the LNG carriers struck by either a
ship (3.4 é 10-%) or by a crashing aircraft
(4.0 x 107°) from a nearby azirbase.

SHORESIDE STCORAGE
Stratilfication and Folloper Problems

Shoreside storage tanks are not refrigerated
and are not significantly pressurized. Their
contents sre maintained in liquid form by
means of thick insulation which minimizes
the inflow of heat which in turn leads to
vaporization. Above the liquid within the
confines of the tank is natural gas in the
vapor form which is allowed to build up to
a pressure slightly in excess of atmospheric
pressure. This "positive pressure' approach
minimizes contaminaticn and ensures that
oxygen in the atmosphere will not enter the
tank to permit the creation of a combustible
mixture. In LNG import terminals there is
typically a fairly high rate of throughput
and hecause the terminals arc usually sup-
plied by a single source, the density and
molecular composition of the gas (given equal
temperature} arc equal. However, some
torminals will be receiving gas from mere than
one source. For example, Western LNG Terminal
may he recelving Indonesian gus and Alaskan
gas and may receive gas produced in both
the Cook Inlet area and the North Slope of
Alaska. Moreover peak shaving ING facilities
which liquefy gas duting the summer for
revaporization and sale during the winter
months have little or no throughput for
several months at a time. Even when all the
LNG came from the same source field, there is
a possibility of differing densities within
a tank due to the thermal stratification.

The tendency to stratify has serious im-
plications because of the phenomencn known
as "rollover”. 1If a layer of a ship's
cargo is fed into the bottom of a tank with
an existing heel there is a possibility of
a sudden buoyant inversiocp. This could occur
if the upper layer through heat transfer
processes vaporizes enough of its light
fractions to become of equal density. Simi-
larly, if the under layer, absorbing heat
through the tank bottom, becomes relatively
more bouyant, inversion could occur. 1f
the under layer should now suddenly rise to
the top it will be superheated, vis-a-vis
the vapor pressure [(or, put another way, in
the absense of so great a static head} and



can flash vaporize. Once this occurs the
gas pressure on the containment vessel 1s
dramatically and rapidly increased. Hope-
fully the emergency release vents will func-
tion before the tank bursts.

A rollover incident did occur in La
Spezia, Italy in 1971 while the terminal was
receiving cargo from the LNG carrier Esso
Brega. In that case it ceuld be shown that
the Esso Brega had remained at anchorage in
the bay for nearly a month while the lighter
components of its LNG boiled off, leaving a
dense 1liquid methane cargo behind. This
cargo was warmer and heavier than the heel
in the shoreside tank, yet it was loaded
under heel. This did result in a rollover,
the vapor from which vented through the re-
licf valves for seventy-five minutes {Con-
ference Proceedings on LNG Importation and
Terminal Safety 27-30 (NAS, Boston, Mass.,
June, 19723). Since that incident terminal
operators have developed more sophisticated
procedures with regard to tank loading and
maintenance. Great efforts are made to
equalize pressures. If the transfer pres-
sure of the loading system is adequate for
high-velocity flews and the level of the
heel in the tank is low enough, stratifica-
tion can be broken up and mixing can be
achieved by the use of an inlet jet nozzel
directed in a horizontal plane. Temperature
differences are held to a minimum or equal-
ized if possible. Denser fced should be
introduced to the top of the tank and light-
er feed on the bottom of the tank to facili-
tate self-mixing, which will delay rollover
or will inhibit it entirely. (Grobe, "Char-
acteristics and Operaticnul Aspects of the
LNG Terminal" 21 (unpublished, 1975}). Re-
circulating pumps can also be used in smaller
tanks to physically destratify the liquid
by pumping the bottom liquid up to the top
(Anderson & Daniels, LNG Terminals . « -,
supra at 64; Conference Proceedings, supra
at 439). Varying the vaper withdrawal rate
over an hour can also change the temperature
of the top layer (Jd, at 150). The Columbia
Gas terminal at Cove Point, Maryland is
designed to allow a complete shutdown of
the send-out facilities for two and one-half
days without venting any of the normal boil-
off in the storage tanks. This 1s accomp-
lished by packing the boil-of in the first
ten miles of terminal-owned pipeline at a
pressure of 1250 lbs per square inch (Id.
at 214).

Elaborate maintenance and operations pre-
cedures have been formulated and written
out by the Distrigas Corporation of Massachu-
setts. These procedures not only specify
sequentially, step-by-step how various
operations are to be performed, but also

are punctuated with warnings and explanations
of the significance of certain procedures
{see, e.g., Purging, Cool-down, and Mainte-
nance Procedures described in Distrigas
Corporation's submission to the Federal
Power Commission of May 16, 1963, response
to question 10, Docket Ne. CP73-135). For

a listing of various safety detectors for

a terminal and the sequence of responses to
their activation see Appendix, Exh. 20.

See also, description of fire detectien and
supressing equipment for proposed Western
LNG Terminal in Pacific Indonesia Project
FEIS 18, 159 (FPC May 1975). The flow
control system at Northwest Natural Gas’
Portland, Oregon peak-supply LNG plant
utilizes permissive logic hardware (designed
by Chicago Bridge § Iron and using Square-D
solid state devices) to prevent the effectua-
tion of an operation called for by the human
operator which might prove to be unsafe in
view of system pressures and temperatures.

54T Penetratvion Energy Model

Science Applications, Inc. has developed
an energy penetration model for objects
crashing into the shoreside storage tanks
at the proposed Oxnard facility. The Oxnard
terminal is within three miles of a naval
air station, and is within five wiles of the
Ventura County Airport. In addition to
aircraft traffic, the Pacific Missile Test
Center launches missiles from the naval air
statien property. The mathematical model
was developed to take into account air and
missile traffic and the probability of
crashes. Using the data base maintained
by the National Transportation Safety Board
in its automated system for on-line analysis
and retrieval of accldent data (SOLARAD),
accident statistics were classified by
locality, weight of aircraft, type of crash,
and type of flight (Science Applications,
Inc., LNG Terminal Risk Assessments Study
for Oxnard, California, 6-6 through 6-8
(December 1975)). A 35% growth factor based
on FAA estimates for Ventura County Airport
forecasted to the year 1985 was employed
(Id. at 6-25). Using glide-angle computations
and trigonometry, the probability of impact
is a function of height of tank structure.
Tt was felt that a region of impact on the
ground three times as big as the base area
of the tank would be a reasonable crash area
to consider in the computation. FoT crashes
within five miles of alirfields a constant
can be developed which represemts the pro-
porticn of the number of crashes divided by
the impact area times the number of operations,
For the probability of crashes from aircraft
not jetting toc and from airfields in the
vicinity, commercial airway accident statis-
tics were used for adjacent airways on an
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in-flight-crash-rate-per-mile basis multi-
plied by the number of flights per year and
again multiplied by the effective (adjusted)
area of the facility divided by the ten

mile width of the jet route plus twice the
distance from the facility to the center

of the route (/d. at 6-29).

After having developed the probability
for a crash into the tank the next step was
to develcp the kinetic energy computations
to find out what penetration will occur.
SAY assumed that the crashing aircraft would
be nondeforming. This is a conservative
assumption since in actuality there would
be considerable deformation which would ab-
sorb a certain amount of energy (/d. at 6-
45). SAl developed a computer program,
LNGTP, with the input parameters of impact
area, tank wall thickness, impact obliguity
angle, impact velocity, wall type and
tensile strength. Magg-Sankey formulas and
the BRL concrete formula were used (Id.
at 6-A-1, 6-A-7}).

The Western LNG Terminal design calls
for the storage tamks to be individually
surrounded by concrete dikes eighteen inches

thick and seventy-nine feet high (Id. at 2-7).

Using trigonometry it can be shown that for
a tank of the proportions proposed at the
Western LNG facility (f.e., 239' outer dia-
meter and 81' side wall), it can be shown
that the tank roaf will be hit 70% of the
time that the structure is hit. In the
computer program penetration energy formulas
are placed in a subroutine which sequentially
runs computations for the outer tank, the
perlite insulation ia the annular space, and
inner tank using the Hagp-Sankey formulas
(see, UHagg & Sankey, The Containment of Disc
Burgt Fragmente by Cylindrical Shells,
Transactions of the ASME, Paper No. 73-WA-
Pur2). If exit velocity of the crashing
aircraft is zero, the assumption is that

the wall was barely penetrated and the
aircraft sticks in the wall as a plug or
stopper in the Hagg-Sankey computations.

1f, using the BRL concrete formula the thick-
ness of the wall that can be penetrated
exceeds the actual design thickness of the
dike, penetration is deemed to have occurred
(SAI, LNG Terminal Risk Assessment Study for
Dxnard, California 6-44 (December 1973])].
The computations show that planes as large
as a Grumman Gulfstream [T and larger can
penetrate the sidewall of a tank above the
dike leve! and can penetrate the roof. Only
a plane as massive as & Boeing 747 or 727
however, could penetrate through the con-
crete dike and through the outer and inner
steel tank shells (Id. at 6-48 and 6-49).
Having earlier computed the probabilities

of the aircraft striking the structure and
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allocating the strikes between roof and side-
wall and finally computing the mass of the
aircraft and its velocity necessary to
penetrate the walls, 4 penctration probability
can be established (Jd. st 6-50) on an
anmualized basis, SAT computes that the
probability of penetrating the tank and
breaching the dike is 9.6 x 1077 (7d.}. The
significance of the breach of the dike for
the evaporation of the escaped LNG and for
vapor plume formation will be discussed,
nfra.

SAT performed similar computations with
regard to missiles from the test range which
might abort their missions and crash into
a storage tank or which might collide with
their targets in mid-air and disintegrate
{or which might be deliberately detonated)
sending fragments earthward to impact upon
the tank. Similar trigonometry and energy
penetration formutas werc used as for the
aircraft crash study. Specific velocities
and masses could be computed since this
information is available from the missile
test center. The rcsultant probability of
rupture of the tank wall and cement dike
was computed to be 8.3 x 10710 (SAL Oxnard
supra at R-163).

In terms of protection from natural hazards,
the typical LNG storage tanks have mild
steel walls which arte positively grounded
and afford adequate protection from lightning
stikes. Pipelines are similarly grounded.
The Distrigas tanks at Everett, Massachusetts
are designed to withstand a wind pressure of
fifty-five pounds per square foot, which is
computed to be the equivalent of a wind
velocity of 124 miles per hour (Distrigas
Corperation submission of May 16, 1973 to
the Federal Power Commission in Docket CP73-
135, response to Question 12). The tanks
designed for the Oxmard Western LNG Terminal
facility are designed to withstand instan-
taneous wind gusts up to 104 miles per hour
(Pacific Indonesia Project FEIS supra at 11).

Tornadoes although smaller in size than
hurricanes can have extremely high wind
velocities and also can c¢reate substantial
atmosphere under-pressures {in the "eye').
ERDA's predeccssor agency, the Atomic Energy
Commission, cstablished tornade design criteria
for nuclear reactor containment vessels based
on internal (rotational) wind velocities of
30 mph, translational velocities of &0 mph
and maximum pressure differentials of 3 psi
in 3 seconds (Reactor Safety Study, WASH-
1400, AEC). Arthur D. Little, Inc. using
Thorn's predictive model found an average
probability of a tornado striking an LNG
facility in Boston to be 5.64 x 104 {an
order of magnitude less than the probability



at a midwest location). A tank manufacturer
has opined that double-walled tanks would
withstand winds up to 200 mph and 3 psi in-
ternal overpressures due to safety factors
used in design. 1f failure were to occur it
would probably be at the wali-roof seam which

would allow venting of gas but not necessarily

spillage of ING. (Arthur D. Little, Inc.,
Technelogy and Current Practices for Process-
ing, Transferring and Stering Liquefied
Natural Gas 177-179 (DQT Dc. 1974)).

Earthquake risks can be successfully taken
into account by geo-desipn investigations and
the resulting design safeguards. However,
the Arthur D. Little study indicated that
dynamic loading from sloshing of LNG during
earthquake tremors may be an overlooked risk
in land-based tank designs (Fd. at 180-181).*

In addition to impact ruptures, earth-
quakes and sabotage, two additional problems
ocught to be censidered. TFirst, there is a
possibility of a fire inside one of several
standing terminal storage tanks [e.g.,
following an explosion which blew up the
tank deme but did not rupture the walls).
The effects of the thermal radiation from
the first fire on the structural integrity
on the adjoining tank walls must be consi-
dered. One may assume that the separation
or interspacing requirements of the
National Fire Protection Association Stan-
dards No. 59A must be observed. See gen-
erally, Appendix, Exh. 29. One set of cal-
culations has been done positing a fire in
a topless vertical cylindrical tank of
184' diameter with a liquid level of 128°'
with an interspacing tank wall to tank
wall of 102'. Assuming a sixty mile per
hour wind during wintertime at Boston,
Massachusetts, it was computed that 14,500
BTU per hour per square foot would be re-
ceived by the neighboring tank which would
heat locally to an equilibrium temperature
of 670° Farenheit. Convection cooling from
the wind was allowed for in the computations,
but inductive cooling along the circumfer-
ence of the tank shell was disregarded. It
was shown that the allowable stress for
carbon steel would be within 98% of its
stress level for normal temperatures and
thus no structural problems should be pre-
sented for the outer shell {presumably
insulation in the annular space would pre-
vent the inner shell from approaching those
temperatures . . . this further assumes
non-flammable installation). The same study
posited the entire shell to he at the hot
local temperature of 670° and found that
the boil-off rate would at most be increased
by a factor of 2.8 which was close to,
although in excess of, the vaporization and
compressing plant design load of 2.4 times

*See Chapter end ixfra for discussion of
seismic risks.

normal boil-off, (Distrigas Corporation
letter to FFC of May 16, 1973, response to
question 11, Docket No. CP73-135).

The second complication involves explosions
from nearby non-LNG facilities and the
effect this would have on structural integrity
of the LNG storage tanks., The controlling
facts are felt to be the air-blast over-
pressure and flying fragmemts. The latter
can be analyzed under the impact penetration
models discussed eariier. The Booz-Allen
study analyzed explosion sources from
refineries, petroleum terminals, oil pipe-
lines and petrochemical processing plants
and computed minimum separation distances
to insure overpressures of less than 1.2
pounds per square inch. (The 1.2 psi figure
is conservative since nonreinforced concrete
structures will be destroyed at higher
pressures but presumably the tanks and dikes
could withstand greater pressures.] The
distances are a function of the quantity of
the material which explodes so a range of
distances is presented. Minimum distances
range from a quarter of a mile for a pipe-
line to 4.3 miles for a refinery with 5 and
2/3 million barrels at risk and 7 miles for
an oil tank farm or tamker terminal with 25
million barrels at risk. (Booz-Allen supra
VII-19 through VII-21.}

Sabotage

Chicago Bridge & Iron conducted a study to
see if the storage tanks could withstand
small arms fire. Using a 30.06 hunting rifle
with high velocity bullets and armor-piercing
ammunition, its researchers fired at close
range at wall thicknesses which were the
thinnest used, i.2., were at the top of the
tank, with a bullet trajectery that was
normal to the plating. Armor piercing am-
munition fired from weapons with a muzzle
cnergy greater than 2,000 foot-1bs did suc-
ceed in penetrating the outer wall but were
spent and were found imbedded in the perlite
insulation and none reached the inner shell,
let alome penetrated it (Id.). The tests
were felt to be conservative since the closest
non-secured boundary to most tanks is 200
feet and the thinnest sections of the tank
are at the top requiring an angle shot from
the ground which would further reduce the
chance of penetration. On the other hand,

a serious sabateur would not likely limit
him or herself to relatively innocuous small
arms fire.

FLAME MECHANICS AND CHEMISTRY
FPocl Development and Configuration

There are at least four types of pools that
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can develop from an LNG spill. It is pos-
sible that a tank will be hreached on land
and the dike will not be penetrated so the
spill, depending on the shape of the dike,
wili form a deep or shallow pond with the
spill volume equal to the velume in the

tank from its original fill level down to
the height of the breach. A second possibil-
ity is for a ruptured tank or ruptured pipe-
line to produce a leak which would drain
either by static head or by being under pres-
surg until it could be isolated and would
form a elevation-contoured pool over the
terrain. This could occur when the dike

was breached or, in the case of a pipeline,
when there was no dike. The third case
would involve the formation of the LNG pool
on top of water when a ship’s tank was rup-
tured and the LNG spilled ontc the water's
surface. The fourth case might result from
an underwater rupture which released the

LNG underwater. Since the LNG is lighter
than water it would rise to the surface.

For a discussion of the possible explosive
nature of such a release gse2 subsection
Flameless Explosions, infra. In all cases
the LNG will immediately absorb heat from
the underlying seawater or ground and will
begin to evaporate. Some theoreticians in
modeling LNG spills on water assume that the
surface of the water will freeze and thus
partially insulate the overlaying LNG poel,
but experiments do not support the assump-
tion. 1If an instantaneous spill is postu-
lated at a point source, the action of the
force of gravity on the volume of liquid
will cause it to spread out and thus the
size of the pool will increase over time

to some finite dimension before it is totally
evaporated. The thermodynamic formulas and
mathematical models are very sophisticated
in this area, but some gemeral description
may be useful.

The relevant information to be derived
is typically the maximum pool radius (for
spiils on water) and the time for complete
evaporation. The FPC staff has adopted
the Raj/Kalelkar formula which predicts a
37,500 cubic meter spill {representing the
entire contents of the largest tank on a
third generation LNG carrier) would spread
to have a maximmm pool radius of 446 meters
and would completely evaporate in five
minutes (Pacific Indonesia Project, supra
at 339). Naturally, the maximum heat trans-
fer would cccur when the radius is at the
maximun and the thickness is at a minimum
and this will produce the greatest evapora-
tion rate. If attenuated spills are pos-
tulated instead of instantaneous spills,
ongoing evaporation results in smaller max-
imum pool diameter but no appreciable dif-
ference occurs until the spill duration
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exceeds twelve minutes (Science Applications,
Inc., LNG Terminal Risgk Assessment for Omxmax:,
California 8-23 (1975}). At some finite

pool diameter the LNG pool is so shallow that
it begins to break up inte small '"puddles.”
SAT used an evaporation rate of 0.04 lbs per
foot2-second, which is in close agreement
with research results produced by the U.S.
Bureau of Mines and the Esso Company (Id.

at 8-22, B-26). Pocl diameters and pool
configuration are more complex on land pri-
marily because the soil freezes, inhibiting
heat flow and causing a decrease in the
evaporation rate with time. This phenomenon
is a function of the water content of the
underlying soil which permits the ice to
form. To the extent that the spill is trap-
ped in a dike there will be heat flow from
the diking material, which will have a dif-
ferent heat flux than natural soil. Since
many dikes are lined with insulating materials
the heat transfer eguations become even more
complex. Land spill experiments have been
conducted by Gaz de France, Thompson Ramo
Woolridge, Arthur I. Little, and the American
Gas Association. Additional sophistication
can be added by hypothesizing the breach in

a shoreside storage tank with varying hole
diameters and static heads and using con-
ventional fluid dynamics formulas to compute
the discharge rates. The configuration of
the pool and its diameter is necessary to
calcuelate the vapor source rate (weight of
vapor generated per unit of area per unit

of time),

Since the throughput of most import terminal
tanks is high (as opposed to peak shaving
tanks) and their primary purpose is to facili-
tate tanker unloading and to provide a buffer
for the vaporization equipment, a substantial
amount of the time they are empty (Western
LNG Terminal estimates this will be the
case 40% of the time for any given tank).
{SAL, Oxnard supra atB-165). Thus even if
the tanks were penetrated, the analysis
can exclude 40% of the penetrations as not
resulting in any outflow. The SAI analysis
of 88,000 cubic meter spill from a land
storage tank postulated a rupture at the
bottom of the tank when the tank was full.
They did a parallel analysis for a 44,000
cubic meter spill which pestulated the rup-
ture half way up the tank wall with a full
tank (Id.}.

Plume Dispersion, Air Emtrainment and Mixing

Freshly vaporized methane is much colder
and is approximately 40% denser than the
ambient air (J/d. at 8-48). Gravity causes
the cloud to spread outwards with decreasing
height to form a pancake-shaped cleoud over
the pool. Heat flows into the cloud, from



the surface of the water not already covered
by LNG, from the surrounding air, and from
the freezing of water vapor entrained in the
cloud itself (7d.). As heat is added, the
cloud becomes less dense and may actually
become neutrally buoyant. TIf there is wind
prescnt, this will serve to elongate and
displace the cloud in the downwind direction.
The FPC staff has computed the radius of an
LNG ¢loud of neutral buovancy at 746 meters
following an instantaneous source spill of
37,000 cubic meters of ING (Pacific Indonesia
Project, supra at 339-344). This computation
assumed no mixing of methane and air. To

the extent that mixing occurs there will be

a concommitant enlargement of the radius.

Science Applications, Inc has developed
a complex computer model called SLICE, which
it describes as including "hydrodynamic
aquat ions expressing the conservation of
mass, momentum and energy together with a
Boussinesy approximation for the atmosphere

- [and] written in rectangular coodinates.
(8Al, Oxnard supra at 8-50) The SLICE com-
putations arc augmented with a different
computer mode}l in those situations where
the spills are so large that the gravity
induced spread velocities are larger than
the averape atmospheric wind speed. This
program is called SIGMET. An underlying
assumpt ton of this program i1s that the vapor
cloud adjusts rapidly in the vertical direc-
tion to a hydrostatic balance of forces.
For this reason differential equations deal-
ing with vertical momentum do not include
the acceleration for diffusion terms. Ad-
ditionally, the vertical coordinate is aiter-
ed by replacing the altitude with a scaled
pressure coordinate comprised of two terms,
the gradient of geopotential height, and
the gradient of surface pressure. (7d. at
8§-57 through 8-59). Both SLICE and SICMET
contain a factor for modeling the air-methane
mixing which ensues from turbulent flux
and eddies (7d. at 8-60}. Recent theories
suggest variations of three or fourfold in
the turbulence factor hut since air entrain-
ment appears to be {approximately) a function
of the square root of the turbulence, the
difference in computed values should not
be large. 5AI is propesing sensitivity
studies focusing on this factor. (Interview
with Dr. Walter Cngland of SAI on Nov. 1,
1976). The programs are designed for numeri-
cal integration over time intervals (SIGMET)
or over downwind distance intervals (SLICE).
The computer produces three-dimensional
concentration, temperature and velocity
predictions. Turbulent dispersion coeffi-
cients arec utilized in the program for ex-
pressing local diffusivity based on empiri-
cally ohserved data concerning local wind
velocities and directional variations and

atmospheric stability classes (A through G).
Rackcasting using small scale plume dispersion
experiments by the American Gas Assoclation
has shown that the SLICE and SIGMET programs
falthough SICMET was at variance with respect
to the leading edge velocity) are effective

in modeling vapor plume dispersion and
concentration.

Since the primary danger from an LNG plume
is deflagration (burning} rather than freez-
ing or suffocation, it is relevant to ascertain
the confipuration of the cloud within the
flammable limits of 5-15% methane by volume
in air. Thus the computer programs output
numbers defining concentration isopleths
enabling actual depiction of the cloud con-
figuration and also output the downwind
range from the spill source of the furthermost
lower flammable limit {LFL or 5% concentration)
of the cloud. See Appendix, Exh. 21.  The
model can be run with varying inputs of wind
speed, size of spill source, and spill locale
(in a dike, on land, or over water). The
program will also compute the lapsed time
from spill to attainment of maximum downwind
distance. See Appendix, Exh. 22. This is
relevant since ignition probabilities discussed
in the next scction are a function of elapsed
time. The SAIl computations show a six
kilometer distance to the outer LFL under
a fifteen meter per second wind moving the
cloud for about 700 seconds following a
37,500 cubic meter spill., (Id. at 8-83).
See, Appendix, Exh. 34 for vapor concentra-
tion isopleths developed by SAI's computer
plotting.

The FPC staff, utilizing formulas and com-
puter routincs developed by Bruce Turner of
the Environmental Protection Agency (Work-
hook of Atmospheric Dispersion LEstimates,

EPA Pub. No. AP-26 (1972}), has developed

an approximation procedure whereby area
sources such as LNG spill pools are converted
to the eguivalent of a point source. Dis-
persions in the vertical and cross-wind
directions are then modeled on the basis

of standard deviations about such a median
point. Factors are introduced to account for
differing stability classes of the atmosphere
and the formulas are simplified to produce
ground-level concentrations along the center
line ot the plume, (Pacitic Tndonesia
Project, suprz at 344-347). The FPC used

the "D" stability condition (considered
neatral) but felt that condition C might be
even more typical as the gas cloud shifts to-
wards positive bouyancy. It now appears that
positive bouyancy is predicated on a study by
Hoult {ING Conference susra 87-99 (NAS 19723},
Hoult's assumption of sequential warming and
mixing appears to have been cmpirically
refuted. {See FPC Docket CP73-47, Testimony
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{(direct) of Dr. David Burgess, U.5. Bureau
of Mines pp. 2-5, 7-8). Computing a 37,500
cubic meter spill on water with a D stabllity
condition and a five mile per hour wind,
the solution revealed a downwind distance
to LFL of 1.53 kilometers which is in reason-
ably good agreement with the similar compu-
tation by SAI. (Jd. at 351; Alaska Natural
Gas Transporation Systems, supra at Vol. 1,
Appendix A p. 34; Cook Inlet, California
DEIS IT-239 (FPC Sept. 1976]1}). The FPC's
previous apptication of Turner's virtual
point-source, Gaussian method to an ultra-
large (1.8 mile pool diameter) spill was
characterized as "preposterous” and said to
introduce "significant error". (Burgess
testimony supra at 8-10 where Dr. Burgess
contends that the basically valid Turner
method cannot be applied to cxaggeratedly
large pools derived from the faulty ice-
formation-insulation model of Hoult.)

Other researchers have developed rather
wide variations in the maximum distance to

the lower flammable limit under "D atmospheric

conditions. Professor James Fay of MIT

is reported to have computed a distance

of 300,000 feet. Dr. David Burgess of the
Bureau of Mines is reported to have calculat-
ed 200,000 feet and 37,000 fcet was the
predicted distance in a study by the American
Petroleun Institute. ({Pacific Indonesia
Project supra at 150). Dr. Walter May of
the Esso Research and Engineering Center

is reported to suggest a distance of eight

to twelve miles with an eight knot wind
{Peril of the Month: Gus Supertankers, suprda
at 9). A prediction of G280 feet for the
outer reach of the LFL was made by Professors
Witt, Wicks and Olleman at Oregon State
University in 1974 (Evaluation of ING Trans-
port and Storage Hazards 5]. Dr. R.O.
Parker from New York University's chemical
and nuclear engingcering department, uses

a ventilation model to represent wind drift
of a plume evaporating from an ING pool.

He has computed that if a two foot diameter
hole were instantaneously cut into the bottom
of the side wall of a cylindrical tank

132" high, 184' in diameter, filled with

LNG and surrounded with a dike 17 high
enclosing an area of 350,000 square feet

and if stuble weather conditions with a

two meter per second wind prevailed, the
negatively bouyant vapor cloud would travel
less than 100 fcet before it became positive-
ly bouyant. (Zee materials submitted by
Distribas Corporation on May 15, 1873 to
Federal Power Commission, responsc to Ques-
tion 13, Docket No. CP73-135). (For diffi-
culties with a pesitive bouyancy model,

se¢ Burgess testimony suppa.) A study a

the Naval Weapons Center at China Lake has
predicted a 10,000 cubic meter spill with
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a 5 mph wind will produce a plume with a LFL
3500 meters from the spill source after
thirty-five minutes. (Lind, "Explosion
Hazards Associated with Spills of Large
Quantitics of Hazardous Materials, Phase [
at 30 {U.8.C.G. 1974)). Relying on the
atmospheric dispersion formulas and pool-size
formulas develeped by Esse in its 1972
experiments in Texas with small man-made
spills {Feldbaver ct. al., "Spills of LNG

on Water-Vaporization and Downwind rift

of Comhustihle Mixtures' (Essa Research &
Engincering Co. Repart bo. EE61E-72, May and
November 1972}). Booz-Allen predicts down-
wind vapor dispersion using a five mile

per hour wind and a stable weather condition.
The distance to the lower flammable Timit
for a 20,000 cubic meter spill was computed
to be 41,000 feet and the distance for a
125,000 cubic meter spill was calculated

at 90,300 feet. (Booz-Allen, supra Vii-24
through VIT-27)

Obviously, it is difficult to compare
such predictions when different atmospheric
stability classes, different wind velocities
and different source configurations are used
by different investigators. Tn many cases
the models used hy the various researchers
appear to be similar but differing inputs
or assumptions produce large variances in
the results. For cxample, an LNG plume
may be a collection of vapor trails with
non-uniform concentrations, An average
concentration helow the LFL could nevertheless
contain pockets or cloudlets of sufficient
concentTat ion to make the vupor ignitable.
In this regard assumptions about peak-to-
mean ratios become significant in predicting
deflagration. Dr. Fay reputedly uscd a
50:1 vatio and an F stability condition.
Thus a mean concentration of N.1% methane
in air would support deflagration in his
computations since the pockets of peak
concentrativn would be at the T.FL of 5%.
Dr. Burgess' experimental data showed a
peak-to-mean rution of 10:1 and this
apparently reflected variations for mixing
rurbulence and for meandering due to wind
shifts (Burgess testimony suprg at 10-13).
For computational purposes he recomnends A
safety factor of 2, making the adjusted
ration 20:1 (fd. at 15). SAI's SIGMET model
predicts variations from mean concentrat ion
on the order of 10% to 20% im clouds from
large (88,000 cubic meters) spills and as
high as 2:1 or 3:1 in smaller, less stable
vapor clouds. SAT believes it has demon -
strated mathematically that peak-to-mean
ratios explainable by meander of small plumes

are not applicable to computations relevant
to predicting flamefront propagation in
the interior of vapor clouds homogenous
({.2., continuous} in the herizontal direction



{unpublished memorandum by L.E. Hauser of
SAT 5-11 {April 30, 1976)).

The SAT computations also introduced dif-
ferences in humidity of the air and discov-
ered that the more moist air with pgreater
water vapor content caused shorter plume
ranges and guicker dispersions as more heat
flux was involved. (SAI supra at 8-100).
SAL also modeled a spill of 88,000 cubic
meters representing the rupture of a storage
tank at ground level. To be conservative
they used formulas as if the spill occurred
over water instead of over land. This will
produce a larger plume because of the greater
heat flux. 1In a thirty-five mile an hour
wind (approximately fifteen meters per
second) such a2 spill would achieve a maxi-
mum distance to LFL of six kilometers in an
elapsed time of about 800 seconds. (Id.
at 8-90}. Another interesting scenario
computed by SAI postulated an internal fail-
ure of the tank resulting in a fifty square
foot hole in the bottom of the tank without
a rupture of the dike. The escaping LNG
is thus contained completely within the
dike. Boiling will occur, but the vapor
generation rate is relatively small and the
maximum distance to LFL is only fifty meters
at an elevation of about ten meters. (fd.
at 5-G4].

Ignition, Deflagratiom and Flame Front
Dynamics

In order for ignition to occur, there
must be a2 high enough ipnition temperature,
a long enough total heating time, a large
enough yuantity of energy transferred and
a flammable mixture layer thicker than a
nonftammable layer which might otherwise
gquench the flame in a time shorter than the
ignition delay time. (Id. at 8-106). All
Tisk assessment models assume that there is
a very high probability of ignition at the
site of the spill when it is caused by a
casualty invelving impacts or penetration
sych as collision by aircraft, missiles, oT
ships. Fatigue failures, vacuum pressure
collapses and overpressure tank burstings
are not so likely to provide ignition
sources. If the vapors are not immediately
ignited at the source of the spill, a
flamable cloud may disperse as discussed
in the precceding section. Although there
may be an occasional vessel at sea in the
path of the plume, it may be safely assumed
that probability of ignition while the
plume is over water is effectively zero. On
the other hand, when the plume reaches
land, ignition sources would include pilot
flames on stoves and water heaters, fires
for steam boilers, welding torches, het
exhaust gas from some engines, and electrical

arcs and sparks from motors, circuit breakers,
relays, shorted wires, and even static elec-
tricity.

Most studies conservatively assume an
ignition probability of 90% at the source of
the spill, e.g., sparks from rupture of
metallic tanks. The FPC staff assumed
that there were 500 ignition Sources per
square kilometer of populated regions on
land and that each such source produces
ignition only 1% of the time (Pacific Indo-
nesia DEIS supra at 151). Probability
statistics will show that by the time a
flamable plume has cncountered 458 ignition
sources {slightly less than the number in
one squre kilometer) there is a 99% probab-
ility that it will have ignited. By the
time it has covered 2 square kilometers,
the probability is in excess of 99.99%,

(SA1 Oxnard suprc at 8-112 and 8-113}.

Where there are low population concentrations
such as those adjacent to liquefaction ter-
minals in Alaska, it may well be that the
only human lives that could possibly be
endangered even if the plume reaches all

the way to shore would be those of employees
at the facility itself.

Assuming an ignition source is encountered,
the flame will propogate back through the
areas of the plume that are within the
flammable limits (assuming the plume is s$till
whole and has not started to break up into
small cloudlets) until it reaches the source.
If ignition should occur after evaporation
is completed at the source, the rear end
of the cloud would have left the vicinity
of the LNG ship or the LNG facility. Propo-
gation through the "rich" portions of this
mixture has been estimated to be at a speed
noe greater than one mile per hour ([Witt,
Wicks § Olleman, supra at 6). At fuel con-
centrations above the upper flammable limit,
the rate of flammability is determined by
and limited to the rate of mixing of fresh
alr with fuel and partially burned combustion
products. In regions of the cloud where
concentrations are between the lower flamma-
bility limit and the stochiametric mixture
ratio, filame will travel through the un-
burned gas at a rate controlied by the
chemical properties of the mixture and the
level of locally generated turbulence (5AI
Oxnard supre at 8-116}. Not surprisingly,
the total thermal output per unit of surface
area of a flame sheet is greater in areas
of stochiametric balance than in lean areas
of the plume. Thermal energy ocutput per
unit of time increases with flame velocity
which is a function of wind speed (Id. at
B-121 and B-124).

With regard to stationary fires at 1NG
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pools, formulas allow the calculation of the
radiation flux incident on a target cutside
the area of the fire itself. Relevent in-
puts to the computations are flame diameter
at base, mass burning rate of fuel, ambient
air density, acceleration of gravity, and
the wind velocity. Additionally, a "view
factor" must be utilized for any particular
target. The latter relates the plane of the
exposed surface of the target and its
orientation to the flame front throogh
trigonometric relationships to quantify the
time integrated radiation flux veceived by
the target (fd. at 8-130 through 8-140).

Using empirically developed standards,
SAI has estimated that humans exposed to
a thermal flux level of 5700 BTU per square
foot per hour, will become fatalities after
five seconds {7d. at 8-141). FPC staff
utilized different empirical findings and
found that a ten second exposurc to a flux
of 5300 BTU per square foot per hour would
be fatal (Pacific Indonesia Project, supra
at 355). Neither estimate allowed for
reflection from light clothing or convective
cooling by wind and are thus felt to be
conservative. Staff computations have
revealed that radiative heat emission de-
creases rapidly with time as the flame front
passes by and they conclude that surround-
ings are exposed to dangerous heat radiation
for only a short time with regard to plume
fires, but exposure from peol fires may
have a duration of over fifty times that
of the fatal radiation period of a moving
cloud front (7d. at 357). Using Esso Re-
search § Engineering Co. studies, Booz-Allen
developed safe distances from the fire for non-
ignition of wooden materials {where heat
flux is less than 3200 BTU per square foot
per hour) and computed sufe distances for
a 25,000 cubic meter instantaneous spill
as 0.4 mile from the center of the spill.
This radius would be doubled for a ﬁyill
of 125,000 cubic meters (Booz-Allen supra
VII-30 through VII-31).

SAI computations determined that the
fiame cannot be supported in the lean re-
gions between flammable cloudlets and the
main cloud, at least when the interstices
are greater than expansion radius (eight-
fold) of the flammable cloudlet due to burn-
ing (SAl supra 8-151 and 8-152). (Burgess
does not depmy this but assumes that “igni-
tion of any part of the cloud will produce
a general conflagration of all portions
of the cloud above the lower flammable limit"
(Burgess testimony supra at 15)). Com-
putations reveal that any human outdoors
within a frontal distance less than five
times the radius of the circle whose center
is the center of the flame front and whose
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perimeter 15 the lower flammable Iimit houndary
will receive a fatal heat flux. Sumilarly,

a person whose offset distance from the fire
front is less thap twice that radius will
receive encugh flux to be killed. (fd. at
§-139 and £-140). These formulas are simpli-
fications of more sophisticated analyses
utilizing two lateral flame front motions:
downwind and crosswind. (Interview with Dr.
Walter England of SAI on Nov. 1, 19767 .

For pillars of flume, especially from
poocl fires or fires consuming ING impounded
within a dike, prevalling winds can cause
a fire pillar to "overhang'. In strong
winds, large fires might conceivably tilt
by as much as 45°. If the wind shifted
through 360°, it has been predicted that
anyone within a 1000 foot radius of the
center of the pool would be killed by radia-
tion flux. {Burgess § Zabetakis, "Miscel-
lanecus Notes on Catastrophic Tank Failure",
incorporated in appendix to Congressional
hearings investigating TETCOD disaster at
p. 133 (1874)). An estimate of skin
blistering within a radius of 900 feet of
a pool fire was made by Professors Witt,
Wicks and Olleman [(Evaluation of LNG Trans-
port and Storage Hazards ¢ (Oregon State Univ-
ersityl}).

Generally speaking, LNG plumes are not
expected to explode. Of course, if the vapor,
within flammable limits, were to be advected
into a closed spuce and then became ignited,
it is a possibility that the escaping gascs
could have an explosion-like impact. This
is in part what happened in the TETCO dis-
aster where the combustion gases "floated”
the tank dome, which then coliapsed downard
into the tank. Experiments at the govern-
ment's facilities at China lakc California,
have so far hbeen unsuccessful in detonating
vapor plumes. A detonation, s opposed to
a deflagration, has a supersonic flame
propogation rate which in turn prevents
pressurc equalization from occurring at the
speed of sound or less. In deflagration,
pressure gradients across the flume front
will seldom exceed eight to one, bhut in
detonation, they may he forty to one or
greater {R. WOOLER, MARINE TRANSPORTATION
OF LNG AND RELATED PRODUCTS 159 (1973)).
German scientists are reported to have set
of f open air gas (not necessarily natural gas)
explosions using INT as an igniter ('Peril
of the Month . " supra at 10¢). For
a discussion of so-called "flameless explo-
sions, see subsection Flameless Explosions
infra.

A researcher at the Naval Weapons Center
at China Lake, California has postualted
LNG plume detonations killing half the pecple



within 200 meters of the cloud's edge.
(Lind, "Explosion Hazards Associated with
5pills of Large Quantities of llazardous
Materials: Phase I' at 4 (U.5.C.G. 1974)).
The fatal radiation flux caleculations of SAl
appear to indicate that all victims caught
outdoors as the flame front passes can be
considered as fatalities if they are so
close as 200 meters from the cloud's edge.
{Interview with Dr. Walter England, Nov.

1, 1976) Thus the concussion affect of
such a detonation might actually be less
than and masked by the radiation affects.
However, 7 an cpen air detonation could
occur, a “fireball" or "firestorm" scenario
is possible {Se¢ Burgess testimony supra

at 20). This could elevate the flame and
result in much larger view factors to those
below with a corresponding increase in
radiation flux. (Interview with Dr. Walter
England of SAI on Nov. 1, 1976].

In an effort to empirically test the
possibility of an explosion, experiments
were run at China Lake in which quantities
of methane and air in a steel tube were
detonated by an explosive booster. (Lind,
supra at S5}, With a relatively large booster
a non-ideal detonation was observed. The
investigator concluded that affects arte
weak at distances greater than ten times
cloud height and that damaging detonation
does "not appear likely” in clouds of
expected sizes. {(Jd. at 9, 49). Elsewhere

in his study he characterizes propegation
of the flame inte a "confined spuce' as a
“"viable mechanism’' for an cxplesion which
would in turn detonate the open-air vapor
plume. (74, at 48). Dr. Burgess has also
stated that "it must be assumed [bLased on
detonations of propane] that ignition of an
unconfined methane cloud can cause .
overpressures [causing serious damage]."
(Burgess testimony supra at 19-20).

Damage Scenarios

There arc basically three ways by which
escaped LNG can harm human beings. The
LNG can vaporize and ignite and a fire can
produce injuries or fatalities. Those
actually within the pool and plume fires
are killed. Some persons not inside the
fire area may also become fatalities from
exposure to the fire's heat (radiation
damage). Second, persons coming in contact
with the LNG can suffer freeze burns and
frosthite of sufficient severity to be
fatal by contacting the extremely cold
liquid. This is generally referred to as
¢ryvogenic damage. Third, if a person were
in the midst of a LNG vapor cloud that
was sufficiently "rich', that is, had dis-
placed more than 50% of the oxygen normally

in the atmosphere, he ur she might suffocate.
With the exception of ship's crew who might
be thrown in the water after a collision or
terminal plant workers who might be trapped
in the dike area, the probability of cryo-
genic damage would seem to be minimal since
most of the LNG pools will cither be on the
sea or on the terminal premises.

Science Applications, Inc feels that fa-
talities through suffocation should not be
anticipated for persons trapped for as long
as ten minutes in an unignited vapor cloud
since its computer program shows that average
methane concentration will never exceed
50% beyond the boundaries of the LNG pool.
However, the computer employs zones 200
meters square so that it is possible peak
concentrations near the pool boundary could
exceed 50%. The plume itself will of course
be very cold, but will be warming rapidly
over time. Although SAI's risk analysis
tends to discount any fatalities from merely
being surrounded by the vapor cloud, it would
seem that, if nothing else, sever frostbite
would be inflicted upon the exposed parts
of the body such as face and hands and on
the respiratory tract.

The radiation damage computations are more
complex. Obviously, one of the first things
to be considered for any particular terminal
site is population demsity of the surrounding
area. Another important parameter is the
direction of prevailing winds. STAR data
are historic statistical summaries prepared
by the National Climatic Center at Ashville,
North Carelina for use in air pollution
studies. The dats is divided into atmospheric
stability groupings and is tabulated in a
bivariate frequency distribution for sixteen
wind directions and six wind velocity
categories, ‘The data is alsc avallable to
show relative frequency of wind direction
(SAL, Oxnard supra at 8-5 and 8-6). The
FPC staff applies a reduction factor to the
probability of the vapor plume reaching or
spreading over a populated area ashore to
reflect the fact that wind direction, wind
stability and wind velocity will vary over
time. Thus the undiscounted probability
assumes "worst case" conditions, whereas
the reduced probability is felt to produce
a time-averaged depiction that is more
realistic. If LNG carriers were expected
to always or almost always arrive at approx-
imately the same time of day, the factor
would have to be adjusted accordingly.

Population density projections usually must
be projected to some point (often the mid-
point) of the future projected life of the
facility. SAl assumes evacuation will be
impossible for persons caught inside the
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piume area, or within its lethal radiation
range. On the other hand, no fatalities

are charged against secondary fires which
may be ignited in wooden structures, etc.

as a result of the initial radiation. All
persons endangered by such fires are assumed
to be able to evacuate. Immediate and
presumably total avoidance action is assumed
in the case of the spills where the LFL

is within the terminal facility boundaries

and ignition has not ocvcurred (Jfd. at 8-158).

SAI feels that the assumption that all
population enveloped by the burning plume
would be fatalities is conservative since
they fecl "fatalities would not be heavy

in sheltered locations even though directly
covered by the passage of a flame through

a vapor plume, in fact they would not be
expected to be 100% in non-sheltered loca-
tions so covered." (f4.)1 In industrial
areas, where most terminals will be located,
the eipght-to-five population will be much
greater than the population during the re-
mainder of the day. Similarly, weekdays
will have greater population densities than
weekends. SAI's conservative calcuations
use weekday density figures for all hours
and days. Tidal changes and collective
bargaining contracts may cause LNG carrier
discharge operations or loading operations
to be concentrated during certain times of
the day. However, for purposes of tank
rupturcs, ond outflow studies, the tanks are
aiways assumed to be full (7d. at 8-158).
To the extent that residential areas arce
within the hazard area of the projected
heat flux, nighttime populations are used
which again would be conservative (Id. at
§-160). SAl states that recent aeriul sur-
veys of southern California indicate that
B0% of the people are inside shelter at any
one time during the day. At night this
percentage should increase. Based on this
estimate, $AT postulates that 20% of the
population within the rcglons that are
exposed to fatal amounts of heat flux would
be fatalities, SAl feels this to be con-
servative sinue it ignores sheltering or
"heat shadowing' for those outdoors and

counts them all as fatalities (74, at 8-158).

This ®0% reduction factor assumes that
all persons can safely cvacuate themselves
from the arca of secondary fires. [If per-
sons arc only treated as safe while inside
and the structure that surrounds them
catches fire, then they must successfully
evacuate, and must avoid a fatal flux of
radiation. Of course, the ignition of the
structure would take u certain amount of
time and during that time, the flamefront
will have moved. If 1t is moving away
from the subject, it is quite possible that
safe evacuation will be possible without
fatal burns since the fiamefront will be
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receding at ten meters per sccond and flux
varies inversly with the squarc of the
distance. [f the flame front is moving
toward [or at least closer to} the subject,
the timing of the escape way be cvrucial te
its success. The FPC staff has estimated
that only 10% of people not enveloped by
the cloud but within the fatal heat flux
radiation arca will become fatatities.

This estimate is apparcntly predicated upon
some facts, some estimates, und some non-
specific information concerning the 1934
East Ohio Gas Co. LNG fire. (Aluska Natural
Gas Transportation Systems FRIS 111-424

and 425 (FPC April 1976}}.

Pursuing the methodelogy for different
inputs it is possible to increase the
fatality surface arca by hypothesizing
larger and larger LNG outflows. SAT's
computer program shows that if unusually
fast winds are blowing this does not neces-
sarily increase the area (population]
exposed. The higher wind simply attenuates
the plume into a long streamer instead of
an elipse or clongated pancake and the total
areaz is not appreciably greater between a
three meter per second wind and a thirty-
five meter per second wind. (7d. at 8-160).
As greater volume spilis ave postulated
or a5 spills from the terminal (as opposed
to a ship several thousand feet offshore
at the end of an cxtended pier) are postu-
lated, more and more fatalities can be
projected. On the other hand, larger spills
arc less probuble. A fatality probahilirty
per year table van he generated (nee
Appendix, Exh. 23), Another interesting
gutput is an estimate of the Iife threat
to Any one Person per year ab varlous dis-
tances from the LNG facility. Using
constant prebability contours an interesting
geographic plot can be developed (see
Appendix, Exh. 24}.

Most risk analyses conclude with a com-
parison of the risks projected from LNG
terminal operation with other commonly
experienced death-producing incidents.

When reduced to a probability per person

per year basis, comparators include trans-
portation accidents, home accidents, homicide,
accupational accidents, and burns, among
others. Jee Appendix, Exh. 25. In general,
the probability per person per ycar of dying
from an LNG spill at the Oxnard terminal

is two orders of magnitude less likely

than the least likely of the above-men-
tioned causes (SAI, Oxnard supra at 9-2 and
9-3). The FPC staff, in approving the
Oxnard terminal location vis-a-vis Alaskan
shipments in its Final Environmental Impact
Statement felt that the risk per person

per year was neglipible especially when



compared to the finite risks of dearh from
clectrocut ton, tirearms, firves, falls, and
motor vehicles.  The FPU staff thought that
the LNG terminal risk wos at least as slight
as that from the operation of nuclear power
plants (Alaska Natural Gas Transportation
Svatems, FE1S 11F-425c and 4254 (FPC April
1976} ).

Flameless Frplosions

Flameless cxplosions have been proven to
be heat conversion reactions rather than
chemical reactions. They are actually
nothing more than the almost instantaneous
formation of vapor bubbles which expand
rapidly due to superheating. TIf enough of
these hubbles are produced at once and if
their vapor cannot be released quickly
cnough due to the LNGC pool layer, pressuriza-
tion and shock waves may torm. This phenom-
ena will only cccur when LNG lies on top
of water and when the methane content of
the LKG is less than forty mole percent
{Conference Proceedings on LNG supra at 5).
If there is more methane than this in the
ING it will simply film boll on the water.
For weathering or hoil-off to achieve such
a low mole percent the total LNG liquid
volume would be reduced by 90% (Id.). The
enormous inerease in the steady state rate
of nucleation (¢.e., the formation of indi-
vidual bubbles} atr the maximum superheat
temperature produces an explosion-like
phenomenon. Small ice crystals may accel-
lerate the nucleation process.  The heavier
tractions of the natural pas (propane and
n-butune) appear to be involved in these
vapor cxplosions, The explosions can
c¢ither he within one second of the spillage
on water or can be "delayed™ some tens of
seconds. {iz. at 11].

At 2 conservative hoil-off rate of 0.3%
per day it would take stored LNG nearly
s0{t days to reach the proper mole percent
to permit this phenomenon to occur. Research
has shown that the explosions cannot occur
if the mole rutioc of propane to cthane in
the LNG is 1.3 or greater {id. at 16}. In
spills on open water large explosions cannot
geeur although near-simultaneous popping
may occur at various places in the spill
pool (’d.1. The mechanical energy released
in ene of these explosions is calculated
to be only 0.5 calories per square centti-
meter of LMG/water interface area which is
felt to be negligible (/d.).

Some theorizing has occurred as to the
vonseguences of release of LNG beneath the
atr-water interface, a.y., from a heneath-
the-waterline puncture of an LNG carriers'
cargo tank. Two consequences are possible.

The less likely one is that the "'bubble”

of NG would rise to the surface with sub-
stantial amount of the ligquid unevaporated
and would then form a pool on the surface
and evaporate according te conventional
evaparation models. The more likely con-
sequence would be an atomization or mixing
of the LNG with the water before it reached
the surface. As the ligquid bubble rose,

the static head pressure would be less and
the bubble would expand. The critical dia-
meter of such an isclated bubble has been
computed to be 3.6 centimeters. After

this size is attained, the bubble would break
up to create smaller bubbles (Distrigas
Corporation, materials transmitted to FPC

on May 16, 1973, response to Question 6,
Docket No. CP73-135). The velocity of
acendency in the water can be computed for
bubbles with diameters of more than (.2
centimeters and the heat transfer from water
to LNG bubble that would occur during the
transit time can be computed. General
turbulence among a constejlation of such
bubbles would be expected to reduce the
maximum stable diameter (Id.}. Tt is pre-
dicted that no real explosion would occur
although a serics of pops might he caused

as the individual droplets desuperheated
{Id.). Analysis of Bureau of Mines data

and experimental results by Baumelster,
Hamill and Schoessow ("A Generalized
Correlation of Vaporization Times of Drops
in Film Boiling on a Filat Plate™, Procecdings
of Third International Heat Transtfer (on-
ference 66-73 (AICHE/ASME, August 1966})
suggests that for droplets of less than 0.75
centimeters in diameter, liquid bubbles
released thirty feet below the surface
would have evaporated by the time they
reached the surface. This would place

the vapor and the surrounding water close to
thermal equilibrium and would facilitate

the dispersion of the gas upon reaching

the surface as the gas would be positively
bouyant (7d.0.

For a relatively complete bibliocgraphy of
risk asscssment research studies see the
Arthur D. Little study supra at 138-141
reprinted herein as Appendix, Exh. 38.

On December 7, 1976 as this manuscript
was in the publication process, the FPC
staff filed a "position bricf" in the Alaska
Natural Gas Transportation Syvstems proceeding
(El Pgan Alagka ., ot zl. Docket No.
CP75-9671., The staff compared the Arctic
Gas Project [McKenzie Valley pgaus-state
pipeline) with the Alcan Project (Frudhoe
Bay-Yukon Territory-British Columbia gas-
state pipeline) and the El Paso Alaska
system (gas-state pipeline to Gravina Pr.
Alaska and thern TXG ships to California).
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The staff concluded that assuming Canadian
diplomatic cooperation the record "overwhelm-
ingly' supported the Arctic Gas alternative
(as modified by the deletion of the westward
"leg") (FPC brief 37).

The telative disadvantages of the LNG pro-
posal as seen by FPC staff included "thermal
pollution problems, the safety questions
raised by ING terminals and ships, the
facility reliability uncertainty, and the
passage through high-risk seismic activity
areas in Alaska and California . . .." (rd.
at 13). Review of the competing applicants’
aconomic analyses of their own and their
opponents' propesals persuaded the staff
that capital costs of LNG tankers and ter-
minals might be subject to greater-than-
projected overruns because of the new tech-
nology involved (7d. at 16}. Comparing the
modified Arctic Gas project with the LNG
system in terms of incremental delivery
unit cost in the fifth year of operaticn
at specified throughputs and to specified
delivery points, the staff concluded that
the McKenzie Valley alternative was less costly.
(Id. at 19-23]. Locating the required
high pressure, large diameter pipe in the
vwEairbanks Corridor'" [(the Toute proposed
for the low pressure Alcan alternative)
would be envirommentally aptimal, but the
staff determined that the additional costs
{over the Arctic Gas-McKenzie Valley route)
would exceed the benefits fId. at 27).

Environmentally, the major disadvantage
seen by the staff tn the El Paso LNG system
was that it transported "gas through 2
rugged mountain area to & geologically
dangerous Alaskan shoreline for further
[ocean] transportation to an earthquake
region in California . . . a route with
tthe least desirabic geotechnical alignment

.. (Id. at 31). The staff observed
that "El Pasc has not conducted the necessary
work to establish a proper seismic design
for its terminal at Point Gravina, nor has
it surveved and studied the adjacent offshore
region. . ." (id.y. The staff also contends
that the California 'receiving terminal
.  has likewise not been designed
adequately to assure that it would withstand
the maximum credible earthquake expected
at such site."(Id.) It is probable that
E] Paso will file a countering brief in due
course.

The staff did feel that the "all American”
El Pase LNG project would he more attractive
to investors in terms of capital costs.
(Id. at 34).
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financing of liquified
natural gas carriers

Because of the extreme cost of producing
an LNG carrier, a variety of financing de-
vices are used by potential owners. This
section will primarily discuss legal aids
to financing new construction of LNG vessels
for U.S. registry. It will conclude with a
short discussion of financing of liquefaction
facilities in foreign countries.

CONSTRUCTION DIFFERENTIAL SUBSIDY
ELIGIBILITY AND AMOUNT

As of May, 1976 the Maritime Administration
of the Department of Commerce (MARAD) had
committed $198 miliion in construction dif-
ferential subsidies for the constructien
of fourteen [actually, only nine appear to
be under CD$] LNG carriers (Kasputys &
Gustaferro speech to Cryegenic Society of
America, Inc. 11 (Dept. of Commerce, May
197631). The Maritime Administration grants
these subsidies through the Maritime Subsidy
Board (MSB) under authority conferred on it
{via the Secretary of Commerce) by Title
V of the Merchant Marine Act 1836. Only
vessels built for use in the foreign commerce
of the United States, i.,e., from U.5. ports
te foreign ports and back, are eligible for
the construction differential subsidy (CDS).
The ship must be built in the United States
or Puerto Rico and owned by a citizen of the
United States (including corpotrations).

In order for a corporation to qualify as an
American citizen, the controlling interest
therein must be owned by citizens of the
United States and its president or other
chief executive officer and the chairmer

of its board must be citizens of the United
States and no more of its directors than

a minority of the number necessary to con-
stitute a quorum may be non-citizens and

the corporation itself must be organized
under the laws of the United States or one
of the states or territories (46 U.5.C. BA
802, 1152 (1970). The prospective purchaser
of the vessel must possess the "ability,
experience, financial resources and other
qualifications necessary for the operation
and maintenance for the proposed new vessel."
(Id.}

All members of the crew of the subsidized
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vessel must be U.S, vitizens and the ship
must continue to be documented under U.5.
registry for twenty years. (46 U.5.C.A.

§§ 1274(b)(3), 1132(2) (Supp. 1975);. Under
the Merchant Marine Act of 1570, ING carriers
built with C0S money may cngage in outpert
{foreign-to-foreign] trade in accordance
with normal commercial practice (ge@ 46
U.5.C.A. 8 1121(c) and 46 C.E.R. B 278,
General Order 111). MARAD may consent To
temporary transfer of a subsidized vessel

to domestic trade upon the condition that
the owner will rebate anmually that propor-
tion of 1/20th of the CDS paid for such
vessel 3s the pross revenue derived from the
domestic trade bears to the gross revenue
derived from all the voyages completed
during the preceeding year. (46 1.5.C.

§ 1156 (1970}).

In contracts entered into in fiscal year
1977 through June 30, 1979, the CDS is
limited to a maximum 50% of the construction
cost of the vessel {46 U.S.C. 8§ 1152). Some
shipbuilding officials predict that (DS pay-
ments on LNG carriers will not exceed 20%-
20% of the total price since American
builders are inherently more COst competitive
in high-technology construction. The purposé€
of the construction differential subsidy
is to subsidize construction in U.S5. ship-
yards which promotes employment of the U.5.
labor force and preserves technological
knowhow and induces purchase of the capital
equjpment necessary to construct and repair
a U.S. fleet. The Sccretary of Commerce
is required to ascertain the fair and rea-
sonable cost of building a similar type
vessel (less the required U.5. National
Defense features) in a representative foreign
shipyard, The subsidy is to cover the ex-
cess in costs over that amount incurred by
the owner's contracring for it to be built
in a U.S. shipvard at an approved price.

The subsidy thus places the owner on an
equal footing with its foreign counterparts,
thereby increasing the likelihood that the
vessel will be built and documented in the
United States.

CONTRACTING POSTURE

Originally the subsidy-built vessels were
required to be put out for competitive bid-
ding and the MSB essentially offered a
nhid-on-it-or-forget-it" proposition to the
shipyards. 1n 1970 amendments to the Mer-
chant Marine Act permitted negotiated con-
tracts between shipowner and shipyard,
however, and at the same time reduced the
maximum amount of subsidies on the theory
that American vards were becoming more pro-
ductive and thus more cost-competitive.
tinder the present program, there are likely
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to be three bilatcral vontracts: MSB-ship-
yard; shipyard-shipowners shipowner-MSB.

The long-run purpose of the Merchant Marine
Act is to modernize and improve the cfficicncy
both in censtruction and operation of the
U.5. Merchant Marine and MARAD favors fin-
ancing ships in series. I[n this way, many
vessels may be constructed from the sanc
basic design providing a hroader base over
which to amortize research and development
costs. When a departure from existing
design is proposcd, 1t must e justified
against the economics of group, standardized
construction. However, technology in cons
structing LKG carriers is so new and changes
so rapidly that some industry officials are
dubious that ''learning curves'” will neccs-
sarily improve (reduce) labor costs in
successive ships. New designs which optimize
mechanization and lahor saving equipment

and thus reduce the cost of the oparating
differential subsidy [0DS) are l1ooked upen
favorably (46 C.F.R. 8 251.1, Appendix No.

1 (1975}). The requiremcnts listed as
national defense features include the pro-
hihition of the use of grey cast iron (which
would be prohibited in any event by the

MCO Gas Code).

CHANGES ARD VALUE ENGINFERING

A change will only be subsidized if it is
determined that the net effect of the change
will, with reasonable certainty, decrease
the projected ODS payments over the life of
the ship or produce a rate of return on the
incremental investment to the owner of at
least 10% per annum after taxes or correct
a design deficiency freferred to as an
nessential change'] or comply with a change
in the requirements of a regulatory body
which became effective later than thirty
days preceeding the bhid opening or became
effective after the contract was executed.
(46 C.F.R. 53 251.1, Appendix No. 1 (1875)).

MSB contracts have typically included a
value engineering clause (see, e.g.. MSB
Contract No. 257, artlcle 33}, UndeTr such
a clause, the builder has the right to pro-
pose to the purchaser and the Board, a change
in the plans and specifications upon the
basis that the changed work or material will
produce substantially as satisfactory a
vessel as the work or material originally
specified. The proposal must be supported
hy an estimite of the decrease in cost re-
sulting frem the switch, the probable delay
in the delivery date of the vesscl caused
by the switch, and the latest date by which
a change order must bo adopted. [f the pur-
chaser desires to adopt the proposal it may
authorize a change in the plans and specifi-
cations. The contractor then estimates the



reduct ion in cost applicable to such change
and the contract price is reduced by an
amount equal to 50% thereof. The full value
of the reduction resulting from an M5B-
approved value engineering change is for
the benefit of the purchaser and the MSB
pays its original share of the contract
price. In other words, the cost savings
are shared by the owner--as it would have
incurred the cost had there not been the
change--and the builder who is allowed

to keep the subsidized portion of the cost,
presumably as a reward for discovering
cconomies of alternative design. It should
be noted that if the proposal has previously
heen set out in a MARAD value engineering
informational letter, the yard is not
entitled to 50% of the savings. In short,
as to future contracts, it becomes either

a new contract condition or a non-essential
change.

RESEARCH AND DEVELOPMENT: PROFPRIETARY RIGHTS

There are at least five possible ways
that research, design, and engineering data
can be generated and ultimately utilized
in the construction of a ship. The builder
can be obliged by the constructicon contract
to do the design work and can accomplish
the research and design in the fulfillment
of its obligations. Secend, the builder may
have done research on its own, witheout any
contracts. This is particularly true with
regard to LNG carriers, where competing
yvards are perfecting designs and building
up know how in anticipation of entering the
market in search of construction contracts.
Third, the purchaser can have undertaken
the resvarch on its own and without subsi-
dization. Fourth, the purchaser can have
enjoyed a partial government subsidy for
the research which it did on its own.
Finally, it is possible that the government
has generated the research (e.g., through
the Office of Naval Research).

Typical MSB contracts (see, e.g., Contract
No. MA/MSB-369 article 9 {containership
contract)) establish the following property
rights: (1) design and engineering data
furnished to the builder by the purchaser
or the Board shall reamin the property of
the purchaser or the Board as their interests
appear and reuse by the builder shall be
subject to the approval of the owner of the
data. {2} Plans developed by the builder
as part of his contract shall become, upon
delivery, the property of the purchaser
and thc MSB as their interests shall appear
although the huilder is permitted to retain
a copy of the plans, designs and data for
its own official tecords. In such case, the
builder shall have the right to use or trans-

fer such plans with the approval of the M5B,
but neither the builder nor the purchaser
shall be entitled to any fees or royalties
{other than reproduction cost plus 10%).
Obviously the theory herce is that since the
design was paid for by the subsidized con-
struction contract, the MSB should have the
right to decide if it is open to use by

other purchasers or by the yard in furtherance
of its policy of standardized production

and cost saving. (3) Designs, data and
research generated by the purchaser without
subsidy aid will be the purchaser's property
and treated as in (1) above. (4) Designs

and data developed by the purchaser with
subsidy help shal] be made available by

the purchaser to any designee of the MSB for
use in the construction of similar vessels
under other contracts. If this information
is made available the purchaser is entitled
to a fee in an amount per vessel equal to

the quotient of a purchaser's non-subsidized
share of the design expense divided by the
total number of vessels in the group or
series which first utilized the design
feature. (5) Research and designs pgenerated
by the builder while ncot under contract
obligation te do so, remain the property

of the builder, but it must make such data
available to the MSB or its designee upon
reguest in return for the payment of a
reasonable royalty, license fec, or commission.
Builders using or employing data or designs
or plans disclosed to them and not owned by
them shall maintain such information in
confidence except as necessary to disclose
such material to their subcontractors upon
whom a similar obligation of confidentiality
shall be imposed. Whether the spirit of these
provisions will be adhered to is unclear to
this investigator. The provisions pertaining
to items (3) and (4) above are not explicitly
included in LNG contracts (See, e.g., MSB
Contract No. -257, art. 5).

Owners of ships already subsidized who are
participating in the capital construction
fund (established under the Merchant Marine
Act of 1936, B 607(b}} may withdraw funds
for "research, development and design ex-
penses incident to new and advanced ship
design and machinery and equipment . . ."
(46 C.F.R. 8§ 255.21 (1575}}. 'Rescarch"
is defined as the process of investigation
which leads to the discovery and establish-
ment of new scientific facts, physical laws,
or techniques. "Development'' means the
experimental application of science or
technology to create novel systems, equipment,
or techniques resulting in a workuable,
practical end product or process. MDesign"
is defined as the conversion of basic en-
gineering data into a proposed item for
production. Ships embodying ''novel and
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unique concepts and techniques 50 as to
provide improved functional or economical
capabilities " meet the definition of
nNew and advanced ship desipgn'. (Id. at

§ 255.22). A further discussion of the cap-
ital construction fund see Chapter v,
pPrivate Financing, Tax Benafite; internal
finaneing, capitat aoma tyuction fund, infra.

TERMINATION CONSEGQUENCES
Termrination and MSB Option

The MSBE may terminate payments under the
contract upon 3 determination that termina-
tion is in the best interests of the United
States. Upon receipt of a notice of ter-
mination, a builder must stop work on the
date and to the extent specified in the
notice, must place no further subcontracts
or orders for materials oT services for the
terminated wark, must assign to the MSB,
if so directed, all of its rights under
subcontracts so terminated or must settle
outstanding liabilities on such subcontracts
with the approval of the MSB. The builder
must also deliver all the fabricated or un-
fabricated parts, work in process, completed
work, and material pertaining to the ter-
minated work or must use its best efforts
to sell such items if so directed by the
Board. [(ILf a sale 15 ordered the builder
is allowed to bid on such property itself.}
The builder must also inventory and hold
securely all items not disposed of and may
request their removal or may enter into a
storage agreement with the MSB covering the
holding peried.

The builder must then submit a termination
claim to the MSB identifying the amount due
the builder, within one year after the
effect ive date of termination. The claim
may include the contract price for work
done and not theretofor compensated. The
puilder is also entitled, among other things,
to the cost of settling and paying claims
of subcontractors and vendors arising out
of the terimation and a profit on unfinished
work not exceeding 10% determined pursuant
to § 8.303 of the Armed Services Procurement
Regulations, 32 C.F.R., Parts 1-39, Vol. II.
If it appears that the builder would have
sustained a loss on the entire contract had
it been completed, no allowance for profit
shall be made and an adjustment reducing
the amount of settlement to reflect the
loss not sustained shall be made. Storage
and transportation costs attributable to
material and assemblies held or disposed
of may also be a basis for compensation.

The amount of shortages (lost, stolen, oOr
damaged) and claims by the purchaser or
Board against the builder under the contract
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may be offsct against the huilder's termina-
vion claim. (Yee, .00, Contatnership Contract
No. MA/MSB-369, Art. 15). If the termination
order were to ocucur at an agvanced stage of
construction of the vessel fa rather unlikely
possibility}, the termination c¢laim by the
builder could include a detention claim for
1oss of use of his construction or assembly
basins or graving yards until such time as

it could find a purcthascr to assume the con-
tract and thus enable it to continue con-
struction or until enough additional work

on the assemblies could be accomplished to
enable them to be floated out and towed to

a non-essential location.

Default of Purchaser in Makiwng Fayments

1f the purchaser defaults, builder may
give the MSB and the purchaser written
notice of such default. If the default
remains unremedied fifteen days after receipt
of such notice a further notice of default
must be sent by the builder to the purchaser
and the Beard. The MSB, within fifteen
days after receipt of the second notice, may
elect to take over the purchaser's payments
or to have the builder complete only one
vessel under the contract, Or may exercise
its termination option, Meanwhile the
builder is free to pursue his contract
remedies against the purchaser.

Default of Builder

The buitder's failurc to proceed with the
work in such a manner as to enable the de-
livery schedule specified in the contract
to be met may be a default if such delay is
not excused by other provisions of the con-
struction contract. If such a lack of
diligence is detected, the purchaser shall
give notice of such failure to builder. If
the builder has not, within fifteen days
after receiving such notice, demonstrated to
the satisfaction of the MSB that it has
taken steps sufficient to remedy the failure,
or that there is no such failure and that
it will meet the schedule, there is no de-
fault. Otherwise, its behavior shall bhe
deemed a default. Although the purchaser's
rights to contractually specified {liquidated)
damages for deluay beyond the delivery date
are not prejudiced, A speclal proviso
states that delivery up to seventy-flve
days late shall not be a default if the
builder has been performing with "due
diligence." (MA/MSE Contract No. 257, Art.
XX(a)). Delivery dates may be extended
when the delay was caused by sgmething be-
yond the control of the builder. This has
been defined in construction contracts to
include intervention of the U.S5. Government,
Acts of God, strikes, fires or vandalism



which are the result of vauscs reasonably
beyond the builder's control, by late de-
livery of necessary machinery or supplies
{assuming the builder's attempt to procure
such machinery or supplics was expeditious
and prudent, and equivalent substitutes

woere sought).,  (See, e.y., Contract No.
MA/MSE-257, Art. VID. Similar default
provisions come into play upon fallure to
make prompt payment for labor, materials and
services which are provided to and required
to be purchased by the builder. Dissolution
oT bankruptcy of the builder, or the appoint-
ment of a receiver, or the filing of a
petition for reorganization under the Bank-
ruptcy Act by the builder, shall also be
deemed @ default (Jd. Art. XX).

In the event of such a default, the MSB
may decide with the purchaser to have the
vessel completed and may take possession of
and use znd occupy the builder's yard and
equipment {without payment of reatal or
other charges to the builder) to achieve
that purpose. The builder is also obliged
to assign all contracts, orders and sub-
contracts to the purchaser and the M3B and
to pay any excess costs {over contract costs)
incurred in having the work completed.

The purchaser and the MSB may also elect
to leave the vessel in an incomplete con-
dition and attempt to sell it (see, &.9.,
{ontract No. MA/MSB-257, Art. XX1). The
contract rights of the purchaser and the
MSB arc without prejudice to any other
rights they have under law or equity in
the event of a default by the builder.

OPERATING DIFFERENTIAL SUBSIDY
ELIGIBILITY

Eligibility for the operating differential
subsidy {0ODS) is restricted to American
flag vessels owned and controlled by citizens
of the United 5tates, manned by U.5. citizen
crews and not engaging directly or indirec-
tly in domestic trade. LNG carriers are
deemed to be in "essential service in the
foreign commerce’ and conceivably could be
important for national defense in time of
a fuel shortage. (See 46 U.5.C. 88 1171
and 1121(b} (1970}). To¢ be eligible for
ODS, the operator must operate each subsi-
dized vessel for a minimum of 335 days each
year in the carriage of bulk cargo in foreign
cemmerce or outpert trade, (46 C.F.R.
252, 20(a) (19753)). Payment is hased on
voyage-days and during periods of layup or
reduced crew, some or all costs may not bhe
subsidized. The "eszential service" re-
quirement is satisfied for & given period if
the ship carries at least 30% of its total
carge in the U.5. foreipgn commerce. The

percent of the subsidy payahle increases
from 40% (when U.S5. foreign commerce cargo
is between 30 and 40%) to 70% (whem the U.S.
foreign commerce cargo 15 between 40 and 50%)
to 100% (above 50%)}. The above percentages
are computed by determining the larger
quotient between ton-miles of cargo carried
in U.5. foreign commerce divided by all
ton-miles of cargo carried or gross revenue
earned from U.S5. foreign commerce divided
by total gross revenue carned. The peried
shall be thirty-six successive calendar
months of operation. The subsidy contracts
may be for as long as twenty years {Id.

§ 252.21).

An owner/operator applicant for an ODS must
demonstrate that it has a minimum working
capital in an amount equal to 50% of the
average annual voyage expenses for each
of the ships to be covered by the ODS con-
tract. A shipowner must also show net worth
in an amount equal to 25% of the owner's
share of the casts ({Z.e., the non-subsidized
portion) of all ships to which the 0ODS
will be applied.

The objective of the subsidy is to make
the American merchant marine competitive
against foreign shipping companies who cmploy
foreign crews at lesser wages and therefore
are able to operate with lower costs.

Since foreign-flag vessels are disqualified
from operating in U.S5. coastwide or domestic
trade, there is no need for a subsidy for
.S. ships operating in such trades. More-
over, if there is another U.S. flag operator
in the service for which the applicant pro-
poses to begin operations under subsidy,

the application cannot be approved without

a hearing and a finding by the MSB that

the existing service by U.S. flag ships is
inadequate and that additional ships such

as the applicant's should be added to the
service. (46 U.$.€, B 1175(c) (1970)).

The "buy-American'™ policy is applied to
require stores, supplies, and permanent
repairs to be purchased in the United States
or Puerto Rico except in emergencies.

(46 U.5.C. 8 1176 (1970)). Fresh food and
fuel are not included in that requirement.
Limited domestic trade calls are permitted
without loss of the 0ODS (e.y., San Francisco
to Honeluelu en route to Japan} if the
Secretary of Commerce finds that such domes-
tic service "will not result in & substantial
deviation from the service route or line

for which the operating differential subsidy
is paid and will not adversely effect service
on such . . routc or line.'" (46 U.5.C.

g8 1183(«¢) {1970}}. Shipowners operating
their vessels under charters in excess of
five vears duration must submit the charters
to the Assistant Secretary of Commerce for
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approval prier to execution (f the charters
involve foreign-to-foreign trade. Generally
approval is granted if it may reasonably

be expected that the vessel will be employed
to a "significant extent" during the charter
in the U.S. foreign commerce. Vessels under
charter of five years or less which do not
have options to renew, may cngage in out-
port trade without the prior approval of

the Assistant Secretary (46 C.F.R. §8 278.2
and .4 {1975)).

COMPONENTS AND MEASUREMENT OF THE SUBSIDY

The 0DS is defined as '"the excess of the
cost of subsidizable items of expense
incurred in the operation under United
States registry of 4 vessel over the estimated
fair and reasonable cost of the same items
of expense, if such vessel were operated
under the registry of a foreign country
whose vessels are substantial competitors
of the vessel o orae L F R B 252.3(1)
(1975}). The cost items in which comparisons
are made as the basis for measuring the
subsidy payment are base wages, repuirs
and maintenance expense, and insurance pre-
muims. Competing operations are developed
out of data for comparable type vessels
{e.g., chemica}l bulk carriers). The
principal competitive foreign flags would
be those whose aggregate registered tonnage
equals at least 60% of the total tonmage
of all competative vessels, not to exceed
the five foreign flag fleets with the
greatest total tonnage. Fipally, a competi-
tion weipht factor is developed by taking
a ratio or percentage, the numerator of
which is the total deadweight tonnage of
the vesscls of the particular foreign flag
and the denominator of which is the total
deadweight tonnage of the vessels of all
principal competitive forecign flags as
defined above. (Id. § 252.22).

The subsidy payable for wages is equal
to the numher of voyage-days in the fiscal
year (other than days of “reduced crew")
multiplicd Ly the wage subsidy per diem
rate effective for that fiscal year plus
the sum of unpredictably timed costs multi-
plied by the wage sybsidy percentage rate
for that year (7d. 8 252.31(a)). The wage
subsidy per diem rate cquals the difference
between the subsidizable wage costs and
the composite foreign wage costs divided
by the subsidizable wage costs for a parti-
cular fiscal year. Determination of sub-
sizidable wage costs requires the allocation
of collective bargaining costs on a per diem
basts. These include fixed costs, such as
base wages, vacation pay, and fringe benefits,
and variable costs such as overtime and
penalty pay, transportation expenses, and

payments to relief officers (id. B 252.31(c-3)).

.8, wage costs are derived from the actual
negotiated crew complement in effect on
January 1st of the fiscal year itn question
and are computed on a daily basis. Foreign
wage costs and crew complements arte to be
ascertained from Alien Crew Declaration
Statistics. If all the competing vessels
have not actually called at U.5. ports,
they will be determined from responses of
the managing operators of such vessels as
do call at U.§. ports. Disclosure of
this information to the U.S. Government is
required under authority conferred by the
Shipping Act of 1916 (46 U.S.C. B 820 (1970)),
Insofar as possihle, functional matchups
will be made when precise nomenclaturce 1s
not the same for crevw job descriptions.
Conversion from forcign currencies to U.S5.
currency equivalents shall be done at the
average of the monthly foreign exchange
rates for the year if the foreign crew is
paid in foreign money {Id. B 252.31(f)).
For the fiscal years other than the basc
peried year, appropriate adjustments are
made by comparing January lst costs under
the Index of the Bureau of Labor Statistics
for changes in wages and henefits for
employees under collective hargaining
agreements in transportation and non-agri-

cultural industrial activities (7d. § 252.31(b)).

Variable costs arc added to fixed costs

on the basis of the preceding year's ex-
perience (as the ratio of the preceding
year's variahle costs to that year's base wage
costs). The unweighted percentage of
foreign costs to U.S. wage costs is then
obtained for the principal competitors and
the weighting factors are applied to get

a single composite weighted percentage.
This factor is then applied to the rotal
U.S. wage costs to arrive at the "composite
foreign wage cost". This in turn is sub-
tracted from the suhsidizable wage costs
{al1 in daily units} to ohtain the wage
subsidy per dicem rate (Jee Appendix, Exh.
25 for illustrations}.

The same policies underlie the maintenance
gnd repair element of the ODS. The idea
being to enferce the 'buy-American' aspects
of the shipyard aspects of operations by
equalizing the costs with the costs of
repairs and maintenance performed in foreign
yards. Repairs must be done in shipyvards
in the United States or Puerto Rico to be
eligible. Average price quotatiens of
U.S. repair yards are established by MARAD
for each of the four coastal areas: East,
West, Gulf and Great Lakes. Repairs are
divided into categories such as underwater
rcpairs, electrical, and boiler, etc. (Fd.

§ 252.32(b)). Every three to five years



MARAD requests reliable ship repairers in
selected U,5. and foreign ports to provide
price quotations for representative samples
of work described in a standard set of speci-
fications represcntative of the types of
work in each principal category. Between
responses to these requests, the costs so
obtained are adjusted by indexing using the
respective country's wage index (in the
United Statces the Monthly Index of Wages
(hourly earnings in manufacturing) published
by Bureau of Lahor Statistics). id.
252.32(c)). The principal foreign competi-
tors maintenance and repair cost data are
factored by category of repair work and

by percentage done in any particular country
{derived from responses to questionnaires

to foreign lines or by assuming that repairs
followed the repair survey and noting the
country in which the repair survey was made
as reported by Lloyd's of London). Finally,
this weighted figure for any particular
country of foreign flag competition is
multiplied by such flap's "competition
weight factor" (Jd. § 235.32(b)). As with
wages, the methodology enables MARAD to
assess the approximate impact of a U.S.-
flag operator making its repairs in American
yards as opposed to its principal competitors
making thelr repairs wherever they see fit
to make them, based on historic records and
adjusted over time for inflation or deflation
in the wage rate and for changes in foreign
exchange.  The final subsidy rate is then
applied to the eligible expenses as re-
ported hy the subsidized U.5. operator.

Fer an example of these computations, aee
Appendix, Exh. 26.

The third clement of the ODS is the
subsidy based upon differences in hull and
machinery, and protection and indemnity
insurance premiums. The hull and machinery
insyrance subsidy rate computations will
be discussed first. The subsidy rate is
the difference of the eligible premium
costs less the composite foreign premium
costs divided by the eligible premium
costs, expressed as a percentage (7d.

§ 252.33ra)). "Eiigihble premium costs"
are defined to mecan the premium costs
actually incurrced by the operator during
the calendar year in question for hull and
machinery, increased value, excess general
average, salvage and collision liability
insurance. The "composite foreign premium
cost' is the foreign premium cost less the
general average portion plus an adjusted
(substitute) particular average portion.
Particular average in this context means
losses nol involved in the general average
relatienship between ship (carrier) and
cArgo as allocated under the York-Antwerp
rules by general average adjustors and

arbitrators. Since payouts under hull
insurance primarily go for repair costs
which may be less for repairs effected in
foreign yards by competing owners not under
a "buy-American" constraint, the particular
average cost is multiplied by a factor
which reflects the common costs of such
repairs, Z.e., 100% less the repair subsidy
rate {described in the preceding section).
The particular average portion is defined

as "the difference of the hull and machinery
portion of the foreign premium cost less

the estimated total loss premium included
therein multiplied by the particular average
factor". This in turn requires twe further
explanations. The particular average factor
for the particular operator applying for
the subsidy is computed in fractional form
where the numerator is the total insurance
payout of repair claims in particular average
over the last ten years and the denominator
is the payout of all ciaims under the hull
and machinery insurance for the same period,
Second, it should be noted that total loss
payouts are excluded from the denominatoer
of that fraction just as the premium
attributable to total loss coverage is
excluded in defining the “particular average
portion.”" In short, when a vessel is a
total loss or a constructive total loss,
restoration of value is accomplished by

a cash payment which the insured is free

to re-invest toward the cost of a replace-
ment ship or invest elsewhere as it sees
fit. There are no repairs as such to he
made to the lost vessel and therefore it

is a distinct and different kind of risk
with a different premium pricing structure.
The Maritime Subsidy Board, in estimating the
composite foreign premium cost of each
vessel of each principal competitive foreign
flag, makes the following assumptions for
computational purpeses: (1} each such

vessel has the same types and amounts of
insurance coverage and deductible averages
as the subsidized vessel; {2) each vessel

is insured in the British insurance market
at a market rate that is the same as that
for the subsidized vessel:; {3} the fraction
of particular average repair claims for

each vessel is the same as that of the
subsidized vesscl; (4) insurable repairs

for each vessel are performed in the same
countries and in the same proportion in

each of such countries as non-insurable
repairs (7d. § 252.33(c}). For a sample
calculation of the hull and machinery
subsidy rate asee Appendix, Exh. 27.

The second component fo the insurance
subsidy 35 the subsidy to reflect the dif-
ference in premium costs (calls} paid
(assessed) for protection and indemnity
insurance (liability insurance}. Once

71



again, the purposc is to pay & subsidy which
has the net effect of equalizing the operat-
ing costs for such premium expense. To
the extent American flag lincs may use
higher deductibles, and to that extent
become self-insurers, the formula makes
allowance for such payouts. Included in
this premium subsidy in addition to pro-
tection and indemnity (P & I} coverage is
excess insurance, cargoe insurance, pollution
liability insurance. In P § I insurance,
because awards to crew members for injuries
and deaths can vary so drastically according
to the standard of living and the compensa-
tion systems utilized in the various coun-
tries in which suits are brought, the total
premium cost is factored into the crew
liability portion and the "all other liabili-
ties portion" with "excess' insurance
(which tends to be an option which insureds
may or may not elect to have) and pollution
liability excluded altogether. The crew
liability factor is determined by the
subsidy applicant's five-year experience
ratio and is a fraction, the numerator of
which is the crew injury or death claims
paid during that pericd and the denominator
of which is the total of all claims paid
during the same period. Where payouts
have not yet been made for a past year's
liability-generating incidents, an estimated
payout is used. Crew liahility premium
costs for foreign flags are to be determined
by the MSB based on data available to
MARAD if there is a coincidence between
crew nationality and flag. Tf the vessel
is registered under a flag of convenience
then MARAD data pertaining to premium costs
for similar vessels under the same national-
ity as the crew shall be used (74, 8 252.34
{(b}}. ¢ost differentials are assumed to
he attributable only to the crew liability
ortion of the total premium cost (Id.
252.34(d)). Using the foreign flag cost
and applying a crew liability factor derived
from the applicant’s history and adding
in a constant portion for the “all other
liabilities portion" to arrive at a built-
up estimated foreign premium cost, an
unweighted differential is developed by
subtracting from the applicant’s total
premium costs the estimated foreign premium
cost and using the difference as the numera-
tor of a fraction, the denominator of which
is the applicant's total premium cost. This
in turn is weighted by the competition
weight factor for each of the principal
competing flags. The protection and
indemnity subsidy rate is then the sum of
the severz]l weighted differentials (46
C.F.R. B 252.34(b) {c)). See Appendix,
Exh. 28 for an illustrative computation
of the protection and indemnity insurance
subsidy rate.

it should be noted that the competiton
weight factors always add up te 100%. For
subsidy applicvants who have not been operating
for five or ten years in the past in those
cases where five or ten year historic
records are Tequired to develep some factor,
special procedures are spelled out in the
regulations for synthesizing these factors
(see, e.g., Id. § 252.33(c)(2)).

TITLE X1 MORTGAGE TNSURANCE

By the spring of 1976, MARAD had committed
nearly one billion dollars in Title XI
insurance gudarantees for the construction
of fourteen LNG carriers (Kasputys & Gusta-
ferro speeches to Cryogenic Society of
America, Tnc. (May 1976, MARADY). Title
XI is a form of government guarantee to the
lender in the case of a loan, to the mortgagee
in the case of a chattel mortgage or a
preferred ship mortgage, or to the trustee
in case of government-issued debentures
sold to investors and payable by the regis-
tered owner. The effect of this guarantee
is to reduce substantially the risk invelved
and to give lenders an added incentive to
make loans at attractive rates.

ELIGIBILITY

The puaranteed loan must be for the pur-
pose of constructing, reconstructing or re-
conditioning vessels which will be documented
under the laws of the United States, which
will be entitled to the highest c¢lassification
and rating for vessels of that type by the
American Bureau of Shipping, which are built
in American shipyards, and which satisfy
the requirements of the Safety of Life at
Sea Convention (SOLAS) and the United States
Coast Guard. If it is o mortgage to be
guaranteed, the terms of the mortgage will
not exceed twenty years for ncw construction.
The borrower and lender and other secured
parties must he citizens of the United
States. Corporate citizens arc defined as
those corporations (1} with a controlling
interest owned by citizens of the United
States and {2) with presidents and chairers
of the board of directors who arc citizens
of the United States and (3} with no more of
their directers than a minority of the numbher
to constitute a quorum as non-citizens, and
(4) which are organized under the laws of
the United States or one of its states or
territories. (46 U.$.C. B8 802, 1103 (1970)).
Similarly, the trustee designated in a trust
indenture shall be approved pursuant 1o
Public Law B9-346 (requiring that it be a
citizen of and incorporated in the United
States, that it be a bank or trust company
with trust authovity and subjec ® state or
federal gevernment supervision, and that it



have a combined capital and surplus of at
least $3 million.)

The cost of the vessel's construction is
to be determined by competitive bid unless
done pursuant to a negotiated contract by
the Secretary of Commerce or the Maritime
Administrator on a finding that the con-
struction differential excceds 35% (see
46 U.S.C.A. § 1152 (1975))}. The applicant
for such mortgage insurance must demonstrate
that is has working capital in "an amount
equal to the difference between the total
estimated capitalizahble cost of the vessel
te the applicant . and the amount of the
insured loan commitment." In addition to
this, working capital is required to be equal
to the sum of 8% of the capitalizable cost
of the ship to the applicant plus one year's
premium on all marine insurance plus the first
year's premium for the Title XI insurance.
The applicant must also demonstrate net worth
{not less than 50% of which is represented
by common stock eguity) in an amount at least
equal to the sum of the difference betwecn
the capitalizable costs of the vessel to
the applicant . and the amount of the
insured mortgage plus 4% of the estimated
capitalizable costs of the vessel to the
applicant. Applicants whe are parties to
operating differential subsidy agreements
need not meet these minimum financial re-
quirements.

The insurance is available to finance
vessels used in coastwise or interceoastal
trade, on the Great Lakes, in the fishing
industry, or in the foreign trade of the
United States (46 U.S.C. 1104(a) (117.
Thus, shipowner borrowers who are not
eligible for DS or ODS may still benefit
from TITLE XI insurance {46 C.F.R. 8 2908.4
{1975)). The maximum imsurance payable is
limited to 75% of the actual cost pald (above
subsidy) for the construction of the vessel
excluding lepal fces, accounting fees, loan
commissions, title documentation fees, and
Ere—delivery operating expensas. (46 U.5.C.

1244 (b) (2) (1970) {domestic trade high-
seas ships are covered up to 87 1/2%); 46
C.F.R. B 298.7 (1975)). However, such
maximum payout limitation applies to unpaid
principal and does not refer to accured
interest. (46 C.F.R. B 298.2(kx}-(0)}).

A borrower must pay cash for at least 25%
of the actual cost but this may be done in
two installments: a first payment of 12.5%
followed by a second equal payment after 50%
of the total actual costs to the borrower
are paid (Id. § 298.8(e)).

RESERVE FUND, OFERATIONAL COVENANTS

The reserve fund concept requires that

the shipowner-borrower transfer a predeter-
mined portion of the ship's net earnings to
what is essentially an escrow account main-
tained by the reserve fund depository.

Assets in such a reserve fund may be invested
and may geaerate returns and there are
provisions for withdrawal of these profits.
The fund is built up to provide a source

of cash collateral or very liquid assets
should the Secretary of Commerce have to

take over the payments in the event of a
default. Within 120 days of the end of

each fiscal year the borrower [hereinafter
"the Company''] computes its net reserve

fund income. Gross income includes invest-
nent income from assets already in the
reserve fund and, of course, includes
operating revenues from the vessel whose
mertgage is insured, The net is arrived at
after deducting the voyage operating expenses,
charter hire, if any, allocation of adminis-
trative overhead and taxes paid. After

thus determining the net income, the Company
may annually deduct the amount of the princi-
pal actually paid or redeemed by the Company
during the fiscal year and an amount equal

to 10% of the Company’'s aggregate atiginal
equity investment in said vessel, (MARAD
Title X1 Reserve Fund and Financial Agree-
ment--Special Provisions, exhibit 1, B 2(b)
hereinafter cited as Reserve Fund Agreement.)
After the second set of deductions the
Company is required to deposit in the fund

an amount ecqual to 30% of the balance.

These contributions must continue until

such time as the insured obligations have
been satisfied and discharged or the MARAD
insurance puarantees have been terminated

or the value of the reserve fund is equal

to or in excess of 50% of the principal
amount of the outstanding insured obligations
{Reserve Fund Agreement Z2(bY¥{2)(D}). There
are also provisions, conditioned on certain
demonstrations of solvency, that the

Company may be governed solely by operational
covenants and not have to contribute

further to the reserve fund. {Id.).

Withdrawals from the reserve fund may be
made from time to time upon approval of
the Secretary of Commerce for the purposes
of redeceming Title XI bonds, paying charter
hire, reimbursing the Company for capital
gains taxes resulting from gains in
capital transactions of the reserve fund,
payment to the Company's general treasury
of the interest and dividends carned on
fund investment, or transfer back to the
Company of that portion of the reserve fund
in excess of 50% of the principal amecunt of
the insured bonds or obligations {an event
which will occur after the debt is paid
down over time} (74. § 3). 1In addition to
terminating when the obligations are paid
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of £, the fund may terminate and bec paid

over to the Secretary of Commerce in the
event that there has been an event of default
which has triggered a payment of the ipsur—
ance to the indenture trustee for the insured
honds. Resort to the collateral in the

fund in no way prejudices any other remedies
that any of the parties may have {Id. B 4).
Sec. § of the Special Provisions of the Agree-
ment specifies the eligible investments which
may be made by the fund depository and
further states that, in lieu of cash, the
Company may deposit in the reserve fund
“negotiable certificates of deposit, short
term commercial paper or securities which

are eligible investments. ."" of appropriate
value {74. B §), The Company retains the
right to vote any securities deposited

in or obtained by the reserve fund and to
exercise any other rights commen to such
security holders ([d. § ¢). If the Company
has elected to establish a capital construc-
tion fund (aee Chapter IV, Private Financing,
Taxr Benefite, Intermal Finuncing, construc-
tion reserve fund infra) with respect to
vessels as to which loans are insured

under TItle XI, the Company and the Secretary
of Commerce are required to enter into an
agreement that the capital construction

fund and 11 assets therein shall be

security for the United States Qovernment

in lieu of the reserve fund (Z4. § 9).

In addition to commiting itself to
establish and contribute to the reserve
fund, o borrower whose obligations are
insured under Title XI makes certain opera-
tiona! covenants to the United States. The
following trunssctions are forbidden with-
out prior written consent of the Secretary
of (ommerce unless, after such transaction
in any fiscal year, the working capital
and net worth of the Company will exceed
certain minimum ameunts incorporated in
cach individual reserve fund agreement:
withdrawal of capital, redemption of shares
or vonversion of shares into debt; payment
of cash dividends or in kind dividends
or stock dividends in stock other than the
stock of the Company {operators receiving
0BS5S ure exempt from this prohibition);
making of loans or advances to stockholders,
qirectors, officers, employees or affiliates;
Investing in the securities of any affil-
1atg; increasing any direct employee compen-
satien beyond $50,000 per year; giving
raises to any enmployee earning in excess
of $50,000 per year; tnitially employing
or reemploying any person at a direct
compensation rate in excess of $50,000 per
year, acquiring any fixed assets ovther than
thgse required for normal operation and
maintenance of Company vessels. Additional-
1y, there are restrictions that the Company
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may not, without the prior written consent

af the Secretury: credate encumbrances other
than liens incurred in the ordinary course of
business; enter intu any vperating agree-
ment for the vessel; sell or demise charter
of the vessel; guarantee the ohligations of
any other corporation {other than endorsement
of checks and negotiable instruments acquired
in the ordinary course of business); embark
upon any newW business not connected with
shipping; merge, consolidare or sell off
assets (whose aggrepate worth exceeds 10% of
the Company's total assets}, assume or incur
further indebtedness (other than customary
current liabilitics); make investments other
than in United States Government bonds oT
notes and eligible investmonts as defined

in the reserve fund agreement; pay subordinated
indebtednesses; enter into below-market-value
sale and lease back apreements (I, § 12).

In the alternative under B 13 of the Reserve
Fund Agreement, the (ompany need not contri-
bute to the fund and need not be bound
by the foregoing covenants if the companies
working capital is greater than half of the
annual charter hire and lease obligations
not counted as current liabilities on the
balance sheet, and if its long term debt
dpes not exceed two times its net worth,
and its net worth is at least as much as an
amount specified in the particular agreement.
If this option is elected, the Company binds
itself to an alternative set of covenants
which arc nearly identical and which invelve
similar activitics which are prohibited unless
after the transaction the stutus of working
capital and long term debt ratios is as
specified immediately ahove. The salary
limits of these altcernative covenants are
somewhat more genervus than ure allowed for
companies not electing the § 13 option {see
alac, 46 C.F.R. 8 298.4¢(%) and 298.8(k)}.

THER SRCU

Ilnder the security agreement the shipowner
is obligated to keep the vesscl covered
with hull insurance to a value at least
equal to 110% of the unpaid principal
amount of the outstanding ohligations (or
for a greater value if required by the
Secretary of (ommerce up to the "full com-
mercial value of the vessel"). {General
Provisions of MARAD Security Agreement,
5 2.07(b)).  Such insurance must include
war risk insurance. In the event that the
vessel is laid up {a not uncommon phenomena
for LNG carriers as they await completion of
foretyn liquefaction facilities or domestic
import terminal facilities) port risk
insurance may be substituted. (Jd.) The
Secretary of Comweree is to be made a loss
payee as his or her interest may appear on



the policies. (Id.) The Secretary may pay
directly for repairs or may consent that
underwriters reimburse the shipowner if it
has paid for repairs so long as there is no
existing default under the mortgage or bond
obligation (Fd. 8 207(c)). Builder's risk
insurance and protection and indemnity ({both
marine and war risks) pelicies must be

taken out by the shipowner without expense
to the Secretary of Commerce or the ship-
yard (Zd. 8 207(a) and 2.07(e)). There shall
be no recourse against the United States

for nonpayment of premiums or calls and at
least ten days written notice of cancella-
tion for nonpayment must be_given to the
Secretary of Commerce (Id. 8 2.07(1)).

A salient feature in this financing scheme
is that the borrower executes a so-called
"Secretary's Note'. Principal and interest
on this note is payable by payment of the
interest on the obligations and repayment
of the principal of the lean or redemption
of the bonds as the case may be. In short,
performance under the note is fulfilled
when the borrower's cbligations to the
lender are made good. Additional provisions
of the agreement pertain to payments out of
the escrow fund or the construction fund in
the form of progress payments to the yard
as the vessel is being built (Z4. § 4 and 5).

The interest of the Secretary of Commerce
in this security equals but does not exceed
the guarantee fee due and payable, administra-
tive expenses, accrued interest upon the
Secretary's Note, and an amount equal to the
unpaid balance of primcipal upon the
Secretary's Note. (Id. 8 7.01). Residual
interests are essentially in the chipowner
(Id. 8 7.02).

The concept of the Secretary's Note with
collateral running directly to the Secretary
is the result of 1972 amendments designed
to streamline the security, eliminate the
need for cumbersome assignments, and reduce
the number of documents and parties involved
should a foreclosure become necessary
(see Cook, Govermment Agsistance in Financ-
ing Title XI Federal Guarantees, 47
TULANE L.REV. 653, 659-660 (1973)). These
same amendments gave the Secretary of
Commerce greater flexibility in walving
acts of default which are curable or as to
which there are more efficient remedies than
foreclosure. Previocusly the Secretary had
to obtain the consent of the mortagee or
bondholders and the indenture trustee (Id.
at 662). Similarly, the Secretary is permit-
ted to guarantee obligations having a ma-
turity date based on the newest vessel to be
covered by the guarantee. If several ves-
sels of differing ages are being financed,

presumably the Secretary can require pre-
mature retirement of the bonds in quantities
applicable to each vessel as it reaches the
end of its economic life (7d. at 663).

with the recent popularity of sale-and-
leaseback arrangements, the Secretary of
Commerce has on occasion permitted biannual
mortgage payments to be made on a level-
debt basis rather than equal-payments-on-
principal with decreasing interest as the
balance declines. This enables the repayment
to be geared to match lease payments (Td.
at 668).

CALCULATION OF PREMIUM

The Secretary of Commerce has the power to
set the fee for the Title XI mortgage in-
surance within the statutory limits which
are 1/2% to 1% of the amount of the obligations
for a delivered ship and between 1/4% and
1/2% of the cbligations for a ship under
construction (46 U.S.C. 8 1104(d) (2970)).

The amount of the obligation in fact will

be reduced over time and as the premium is

for an annual period, the average principal
amount outstanding is used (46 C.F.R. 8
298.10(b} (1975)). The borrower pays the
money to the lender feor the premium costs

at least sixty days before it is due and H
the premiums are in fact paid to the Maritime i
Administration by the lender. Current
contracts scale the premium rate from 1/2% |
to 5/8% to 3/4% to 1% as the ratio of net
worth to long term debt of the borrower
decreases (General Provisions of Security
Agreement 3 3.02(d))}. The net worth and

long term debt figures used are those reported
on Maritime Administration Form 172 or
computed in accordance with General Order 22
(see 46 C.F.R. B 282) if no Form 172 has

been filed (Id. § 3.02(b))-

PRIVATE FINANCING
INTERNAL FINANCING, TAX BENEFITS
Construction Reserve Fund

" A citizen (corporations included) of the
United States owning a vessel operating in
either the foreign or domestic commerce

of the United States upon the sale of the
vessel or upon an actual or constructive
total loss of the vessel may deposit the

net proceeds of the sale or the loss indem-
nity in a Construction Reserve Fund. This '
law is much like the section of the Internal }
Revenue Code which permits a homeowner to I
reinvest the proceeds of the sale of a ’
dwelling in the building or acquisition of :

a replacement dwelling, without recegnition |
of gain on the first sale. If a shipowner
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deposits the proceeds within sixty days of
receipt and makes the appropriate election
on its income tax Treturn for the year in
which the gain was realized, both ordinary
income and capital gains taxes are deferred.
Net proceeds are defined as the adjusted
basis of the ships sold or lost plus the
amount of gain which would otherwise be
recognized (46 U.5.C. § 1161{c)-(d)). 1In
order to assure deferral of the taxes,
within three vears after depositing the funds
the taxpayer must expend or ohligate for
expenditure funds for the comstruction or
acquisition of a new vessel or for the
liquidation of existing or subsequently in-
curred purchase money indebtedness on a new
vessetl (Jd. B 1161(g)}. In the case of
purchases or censtruction contracts, at
least 12 1/2% of the price must be paid

or irrevocably committed before the deadline
and for non-subsidized vessels, the ship
must be 5% completed before the deadline
(Id.}). With regard to the '"new" vessel
acquired, reconstructed, or constructed,

the basis will be adjusted downward by the
amount of tax-deferred gain funds expended
for its purchase (Zd. 8§ 1161 (d)).

American citizens operating vessels in the
U.S. foreign or domestic commerce obtain a
further benefit by this legislation in that
money in the fund wil] not be charged
against the tax payers for purpeses of
computing an accumulated earnings tax

under 8 531 of the Internal Revenue Cede
(Id. § 1161(f)). As to those vessels obtained
hy acquisition, they must be generally less
than five vears old to gqualify as a "new"
vessel.

tapital Comstruction Fund

Whereas the Construction Reserve Fund
only applied to monies gencrated hy the
sale or indemnity for total loss of a vessel,
the Capital Construction Fund allows U.S.-
citizen shipowners operating in the .5,
foreign or domestic trade to deposit the
earnings of their existing vessels in a
fund for the purposes of deferring income
and capital gains taxes (46 U.S.C. B (177(a)).
Not only are the crdinary income earnings
and capital gains in the operation of an
eligible vessel in such trade tax deferred,
to the extent depesited in the fund, but
the earnings and returns on investments
of the fund are also tax deferred {Id.
1177(d}). Similarly, such funds are exempt
from the accumulated earnings tax (I4.].

The fund should be divided intu three sub-
accounts known as the capital account, the
capital gain account and the ordinary income
account, depending on the source of the
transaction which produced the funds which

were deposited.  As in the case of the
Construction Reserve Fund, withdrawals from
this fund may be used to acquire, construct,
reconstruct or reduce indebtness incurred

in gonnection with the acquisitien or con-
struction of a qualified vessel or barge

or container which is part of the compliment
of a quatified vessel (Jid. § 1177{e) and (D)},
Withdrawals from the fund shall be treated
as made first from the capital account,
second from the capitul gain account and
third from the ordinary income account. If
withdrawals are made from the capital gain
account, the basis of the zcquired vessel
shall be reduced by an amount equal to

5/8's of such amount for corporate taxpayers,
[f withdrawal is from an ordinary income
account, the basis of the acquired vessel
will be reduced bv the amount of the with-
drawal {7Z. B 1177(g)). Non-quulified with-
drawals from the fund arc treated as being
withdrawn in the reverse order and in
general are accounted for on a first-in,
first-out basis (Id. 8 1177(h)).

The acquired vessels, to be eligible
and qualified, must he built or reconstructed
in the United States, documented under the
laws of the United States, and opcrated in
the United States foreign commerce, the
Great Lakes trade, or the non-contiguous
domestic trade {74. 8 1177(k)). There are
ceilings imposed by the law on the amount
of deposits to the fund., Tn any taxable
year, such deposits must not exceed the sum
of the portion of the taxpayver's taxable
net income arttributable to the operation
of the agreement vessels without regard
to loss carrvbacks, plus depreciation claimed
for such vear with respect to the agreement
vessels, plus the net proceeds of sale or
insurance indemnity {to that extent, deposits
in this fund resemble those in the Constructicn
Reserve Fund), plus returns on investment
of the fund itself (4. § 1177(by).

The benefits of the vapital construction
fund are particularly attractive to owners
thinking of acguiring ING carriers since
vessels in "liguad. bulk cargo carrying
services trading hetween the foreign ports
in accordance with normal commercial bulk
shipping practices. ."" are now eligible.
The definition of foreign commerce 1s
thus broadened to include outport trade
making the henefits of the fund available
to the would-be purchaser of an American
flag LXC carricr to be operated, =.g., from
Indonesia to Tokyo, on relatively short
term charters or in a spot market (46 U.5.C.A.
8 1244 {1975)}.



§ 38 of the internal Revenue Code provides
far an investment tax credit equal to 7% of
the basis of new tangible property (&ee,

74. BY 46{a), (c}, and 48(a)). This would
include U.5S.-documented LNG carriers operated
in the foreign or domestic commerce of the
United States (Zd. § 48({a)(2)(iii)}. The
Internal Revenue Service has ruled that
subsidized operators must reduce their bases
to reflect what they actually paid to acquire
or construct the vessel and that if purchase-
money mortgages were paid off with tax de-
ferred funds, the investment tax credit will
be recaptured. {Jee Kominers, Federal
Govermment Aide to Merchant Shipping, 47
TULANE L.REV. 691, 722 (1873}). Pending
litigation and jeint regulations of the
Departments of Commerce and Treasury will
hopefully clarify the impact of these
Tulings.

COTLATERALIZATION OF LOANS

Beside the traditional security device
of a preferred ship mortgage, which is
available as sgon as the vessel is documented
(46 U.S.C 88 911-961 (1970)), lenders usually
endeavor to take an assignment of the
charter hire. If the vessel is to be bare-
boat chartered or leased ta a large oll
company or natural gas company, this is
relatively good security. Similarly, long-
term time charters, if they are provided
with cscalation clauses te cover increased
operating expenses due to inflation, are
considered adequate security. It should
be added added that to preclude the risk
of unforeseen downtime or layups, the
ienders usually require time charterers to
agree to the so-called “hell or high water”
clause which insures that hire will be pald
during the term of the charter regardless
of the condition or utilization of the
vessel.

Because there are instances where a
casualty can occur to the vessel and the
owner will be inmeligihle to c¢laim hull
insurance benefits, English and American
underwriters have recently changed their
insurance policies to assert that the mort-
gupee has no better rights than the assured.
In such instances, lenders may imsist that
the borrower take out mortagee’s interest
insurance. (See Mahla, Some DProblems in
Veseel Pinaneing--4 Lender's Lawyer's View,
47 TULANE L.REV. 629, 644 (1973)). Thete
are related problems concerning the insurance
coverage of an owner under his P & 1 entry
if the vessel is mortgaged and the mortgagee
has not guaranteed payment of the calls
to the P § 1 Association. (See, .04,

Fules oF the 1l Fteamship
Aggurarize s Rule
20(B)(21) (19763). Such guarantees are
usually not offered and the ¥ 6 1 clubs
generally waive the requirement, but lenders
must be careful to have a written under-
standing so that insurance coverage may not
later be voided at the insurer's election
{see Mahla, cuprz at 045).

For domestic LNG trade routes, lenders
might desire project-wide security, including
liguefaction plants and terminals to the
extent that they were owned by the same
entity. But even in the United States, the
terminals and vessels are often owned by
different companies. American banks are
somewhat chary about lending to companies
investing in foreign countries for liquefac-
tion facilities at the present time, although
as credibility is established in the stability
of foreign supply, these investments may
become more attractive. To the extent that
the tanker owner is trading for its own
account and is selling the cargo to importers
or public utilities in the United States,
assignments of the proceeds under the long-
term supply contracts also might be exceptable
collateral.

The leveraged demise charter is a type of
lease that is currently peopular in that
it facilitates various tax advantages. In
this type of financing, the ship user contacts
a leasing agent to arrange, in effect, what
amounts ta 100% financing for the construction
of an LNG carrier. The leasing agent finds
an investor with a cash flow and tax rate
such that the advantages of the investment
tax credit, accelerated depreciation and
the capital construction fund deferrals can
be utilized fully and efficiently. This
investor usually puts up 25% and is the
equity partner. The remaining 75% is
borrowed from an institutional lender. The
charter contains a "hell or high water"
clause. Generally with this combipatien
of financing the effective interest rate is
considerably lower than that at which the
potential ship user could borrow if it were
to becoume the shipowner. Under ccrtain
assumptions, it can be shown that savings
as high as 3.9% per annum can he achieved
in the early years over the user's going
directly to the money market and beceming
a purchaser. (Se¢e Kalaidjiun, Sroerwrent
Chavtering and the Charter in Modewn Finanee,
49 TULANE L.REV. 1021, 1029-1034 (1973]).
See generally, spcech of Stanley Powell,
Director of United States Leasing Internationul
Inc. "Financing Through Leasing”.
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UNTFORM COMMERCTAL CODE FINANCING STATEMENTS
FOR BUILDERS

Prior to the delivery of a ship, the ship-
yard retains title to the components and
the assemblies, hull and superstructure.
Since progress payments have been made by the
purchaser or by the purchaser and the
MSB, the practice at some shipyards has been
to file an Article 9 financing statement on
behalf of the purchaser. In effect, this
treats the progress payments as loans towards
the construction costs and confers upon
the purchaser [lender} a non-maritime lien
on the vessel under censtruction. Frior
to documentation of the vessel, institutional
lenders and the MSE are left to their chattel
mortgages and contract rights. If default
did occcur, it seems very probable that they
would contest both the shipyard's title and
the purchaser's security interest.

ENTERNATTONAL FINANCING OF FOREIGN
LIQUEFACTION FACILITIES

The Export-Import Bank (EXIM) has com-
mitted $390 million for LNG or LNG related
projects in Algeria (Kasputys & Gustaferro
speech, supra at 12). The Export-Import
Bank opgrates under the authority of 12
U.5.C. 8 635 as amended (1976 Supp. to
U.$.C.A.). The Bank is reguired to provide
Congress for each loan invelving the
export of any "product or service related
to the production, refining or transportation
of any type of ¢nergy, or the development
of any energy resources with a statement
assessing the impact if any, on the avail-
ability of such . . energy supplies thus
developed for use within the United States."
{12 U.5.C.A. B 635(b) (13(A) (1976 Supp.)).
The recent amendments limiting loans to
Communist countries have implications for the
development of Russian LNG trade routes to
the United States and are discussed in
Chapter ¥I!1, Reliability of Foreign
Suppliers, Eepnomic Factorg, infra.  The
Export-Import Bank is alse in a position
to finance foreign-flag ING carriers. Such
loans would be possible even if the foreign
owner were a wholly-owned subsidiary of a
Unired States parent corporation. EXIM could
advance 90% of the purchase price and weuld
probably split that 90% two or three ways.

In a two-way split, private banks would

take 45% with or without pguarantees from

EXIM and would be repaid from early maturing
notes or bonds. In a three way split, the
Private Export Funding Corporation (PEFCO),

a syndicate formed recently by some fifty
private banks interested in financing exports,
would take 30%, a private bank would take

30% and EXIM would take 30%, with the private
bank being paid from the earliest maturities,
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and EXIM from the latest maturities,

EXIM maintains a fixed lendinpg rate at 6%
and the PEFCO also utilizes a fixed rate.

As to LNG vessels, EXIM would be willing to
allow repayment terms of twelve years after
construction with interest-only paid during
the construction period. Although this
term is longer than temms afforded by other
governmental lenders, it may be significant
that EXIM feels that still longer terms

are not justified. (fee generaily, Statement
of John E. Corette, General Counse} for
Export-Tmport Bank "Financing of LNG Tankers.™)

The Overseas Private Investment Corperation
(OPIC) is precluded by its charter from
making lonas '"to finunce operations for
mining or other extraction of any deposit
of ore, oil, gas, or other minerals.”

(22 U.5.C.A. 8 2194(c) [Supp. 1976)).
However, OPIC is empowered to issue insurance
against currency inconvertability and
expropriation through the end of 1579

(Id. E 2194{a)). "Eligible investors"

for the purpose of such investment insurance
are "limited to U.5. citizens, U.5. corpora-
tions which are substantially beneficially
owned by U.S. citizens, and foreign corpora-
tions and partnerships owned by U.5. citizens
or U.S. corporations to the extent of at
least 95% of the share capital’(22 U.S.C.A.

§ 2198(c) (1976 Supp.)).



liability and
liability limits
RUILDER'S LIABILITY

CONTRACTUAL PROVISICNS

Under the typical contract approved by
the Maritime Subsidy Board between the yard
and the purchaser, the builder is obliged to
correct at its expense any weakness, de-
ficiency, failure, breaking down or deter-
ieration, in workmanship or material or any
failure of vessel or of any equipment,
machinery of material to function as pre-
scribed and as intended by the plans and
specifications if these pertain to the con-
ventional aspects of the vessel and manifest
themselves within one year after the actual
delivery of the vessel. For cryogenic
aspects, the guarantee period is within
twelve months after tests of such aspects
or fifteen months after delivery whichever
period is shorter {but in no event less
than twelve months after delivery). [See,
¢.g., Contract No. MA/MSB-257, art. XVIII
{a)). The builder is not responsible for
consequential damages or damage to the
vessel caused by the defective equipment,
for ordinary wear and tear, or for deficiencies
to the extent that they are apggrevated by
the negligence of the purchaser or operator
of the vessel (fd.). However, if a piece
of equipment damages itself due to some de-
fect, the entire piece of equipment must be
restored or replaced at the builder's ex-
pense. The purchaser must notify the con-
tractor of such deficiencies within thirty
days after the end of the one-year period
and provisions are made for a guarantee
survey of the vessel at or near the expira-
tion of the one-year peried (7d. art.

XV11I (b) and (c)). To the extent that a
deficient part is supplied by a subcontractor
or vendor and carries a longer warranty

or guarantee, the builder agrees to assign
its rights against the supplier to the
purchaser (Id. art. XVIII (e]).

Many shipyard contracts covering non-sub-
sidized ships contain clauses which purpert
to limit or exclude the yard's liability.
For convenience of discussion, these may be
subdivided into five categories: (1} ex-
culpatory clauses regarding negligence;

(2) disclaimers of expressed and implied
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Warranties; (3) contractural waivers of
consequential damages; (4) indemnification
agreements; (5) contractual limitations on
liability.

Exculpatory clauses in contracts have
generally been upheld, at least where the
parties were of roughly equal bargaining
power. One would assume such equality to
be present in the shipbuilding context.
However, if oll yards insist on identical
clauses, the purchaser's threat to take its
business elsewhere is less meaningful. Con-
ceptually exculpatory clauses are difficult
because they span contract and tort law.
The consequences of agreeing to such a clause
are of course, anticipatory, but that in
itself is not fatal since many of the other
rights and liabilities created in contractual
arrangements can be said to pertain to
future events. It does indicate, however,
that the clause must be well drafted and
must make an express delineation of the
situations in which exculpation will be
allowed. If the clause is upheld, it will
serve as a defense to claims in tort as
well as claims in contract so long as such
claims arise out of the circumstances con-
templated by the agreement of the parties
te the contract. (See, e.g., Hali-Scott
Motor Car Co v. Universal Ins. Co., 122
F.2d 531 (9th Cir.) cert. den., 62 S.Ct.
360 (1941}.) On the other hand, it is
clear that such exculpatory clauses, even
when valid, cannot bind third parties, who
are not parties to the contract.

When such clauses have been invalidated,
it is either on grounds of overreaching
in the contract (e.g., a contract of adhe-
sion) or on grounds of public policy. For
example, common carriers are held to owe
their passengers an especially high standard
of care. This duty arises out of the
carrier-passenger relationship. Thus it
has been held against public policy to allow
them to contract so as to escape fulfill-
ment of this duty. (See, e.g., New York
Central RR v. Moliney, 252 U.S. 152 {1920}
{alternative holding); Virginia Beach Bus
Line v. Campbell, 73 F.2d 97 (4th Cir.
1934).) The United States Supreme Court
has held that there is no public policy
against pilots exculpating themselves for
their negligent decisions while on the
bridge of the piloted vessel so long as the
shipowner has a choice of pilots and there
is no local monopoly. (Sun 0Ll v. Dalzell
Towing, 287 U.5. 291 (1932).) On the
other hand, in Bisso v. Inland Waterways
Corp,, 349 U.S. 85 (1955) the court struck
down exculpatory clauses in towage contracts.
Sometimes public policy may even favor
exculpation. See for example, the recent

a0

legislation providing for statutory exculpa-
tion of pharmaceutical manufacturers producin
swine flu vaccine. Pub.L.No. 94-380 (1976).

In any event, exculpatory clauses are
strictly construed against the party benefite
and can be avoided if there is a finding
of gross negligence. The courts have not
been altogether successful in articulating
a Iine of demarcation between ordinary and
gross negligence, but the latter is usually
on a level of culpability close to reck-
lessness.

"If the facts show wilful conduct
from which injurious results may be
reasonably anticipated, though

not intended, it has been held
that defendant must respond in
damages as for wanton and wilful
negligence. These words do not
signify degrees of negligence,

but have reference to the intent
with which the act complained of
was done. There is an intention
to do the wrongful act, but not to
Inflict the resulting injuries

and against that liability, there-
fore, the wrongdoer cannot shield
himself by contract."

(Wegtre v, Chicago M & St. P. Ry., 2 F.2d
227, 229 (8th Cir. 1924) (dictum)). As an
example of a case striking down an exculpa-
tory clause, where gross negligence was
invelved, see Fairfar Gas & Supply Co. v.
Hadary, 151 F.2d 939, 942 (4th Cir. 1945)
where the court said:

"Even then, if it be the rule that

a private contractor, may by
contract generally relieve him-
self of liability for mere negli-
gence such a rule . . . should

have no application to the facts

of the instant case . . . [where]
the conduct of . [the defendent]
may certainly be called gross
negligence . . . if . . . not
wantonness. Our social conscience
is shocked that . [the defendent]
should be here permitted to hide
behind the beneficient shield of
contract."

For the general rule that it takes gross
negligence to invalidate an exculpatory
clause, see Maryland Casualty Co. v. Owena-
Illinoie Glase Co., 116 F.Supp. 122, 124
($.D.W. Va. 1953) (dictum)).

If the yard were doing repair work on an
LNG carrier as opposed to constructing it,
and while in its custody the ship suffered



damzge due to its negligence, the interest-
ing question would arise whether it could
sue for repairing not only the original
work, but also for repairing the consequences
of i1ts negligence. In situations where
there was no exculpatory clause in the re-
pair contract, the yard would be defeated
in its claim. See, e.g., The Wiliiam
Rockefeller, 57 F.2d 897 (E.D.N.Y. 1932)
and Pan American Transportation Co. v.
Ralime Dry Dock and Repair Co., 281 Fed.
97 (2d Cir. 1922). With an exculpatory
clause, and if the yard were asked to do
the additional repair work, the yard would
prabably prevail assuming gross negligence
or overreaching were net found.

Disclaimers of expressed or implied
warranties or limited warranties have been
litigated frequently under common law and
under the Uniform Commercial Code. In order
to disclaim the implied warranty of
merchantability the disclaimer must speci-
fically mention the word '"merchantability"
and must do so in bold-face type. Other
implied warranties may be disclaimed by a
general (non-specific) disclaimer, but
to the extent the disclaimer contradicts
express warranties made by the same party,
the express warranties will control, Again,
disclaimers are only defective between the
vendor and the vendee and de not bind
third parties to whom they were not com-
municated. Where personal injuries are
incurred, such disclaimers have been declared
to be prima facie unconscionable (Uniform
Commercial Code § 2-719(3)). Limited
warranties such as appear in the MARAD ap-
proved construction contract are sometimes
known as "give-and-take" warrantics. That
is they ''guarantee' workmanship and mate-
rials and vet commit the warrantor only to
replace the defective part without exposing
it to liability for the consequences of
the part's failure or malfunction. Where
personal injury is involved, this type of
limitation upon the warranty has been struck
down. See, e.g., Henningsen v. Bloomfield
Motore Inc., 32 N.J. 358, 161 A.2d 69
{1960) (steering failure on automobile).

For more on the implied warranty of work-
manlike service by shipyards in new con-
struction gsee Chapter V, Builder's Liability,
Manufacturers Liability in Tort, infrg,

Even where it may be against public pelicy
to uphold an exculpatory clause, courts
have approved contractual requirements that
the potential injured party take out insur-
ance and cause the insurer to waive its
subrogation rights. See, e.g., Twenty Crand
Offshore Ime. v. West ndian Carriers Tnoe.,
492 F.2d 679 (5th Cir. 1974) and Fiuer

Westernm Tne. v G. & H. Offshore Towing Co.,
447 F.2d 35 {5th Cir. 1971). The theory
here is that the victim will get the benefit
of the insurance and thus will not be out

of pocket (other than the insurance premium).
That still leaves open the question of whether
it is good public policy to Temove the
threat of legal liability as a deterrant

to carcless operations. For a case holding
that parties at arm's length can agree to a
limitation of remedy, (limited to the re-
placement of defective parts), which would
be valid even against a claim based on

strict liability, see K-Iinee v. Roberts
Motor Co., 75 Or.Adv. 3343, 541 P.2d 1378
{1975} (property damage claim by vendee).

Indemnification clauses, like exculpatory
clauses, are construed narrowly against the
indemnitee. Clauses holding an actor free
from the consequences of its own negligence,
must be particularly explicit and unambiguous.
See, e.q., Chicago & N.W. Ry. v. Chicago
Packaged Fuel Co., 195 F.2d 467 (7th Cir.
1952). Even where such an indemnity or
hold-harmless agreement might successfully
exculpate a negligent actor from liability
to the indemnitor or to entitle it to
indemnity for payment of third-party claims,
it may not become a basis for affirmative
recovery of the indemnitce's own property
damage. Cf. 0.5, v. Nelson, 349 U.5. 129
(1955) {"borrowed employee'' clause ineffective
to support claim for property damage sustained
by real employer).

To the extent that LNG carriers must enter
shipyards for repair, repair contracts may
include so-called "red letter" clauses,
limiting liability for negligence toc a
finite dollar amount. Assuming damages ex-
ceed that amount, the validity of such
clauses will be in issue. The courts have
upheld such limitations as against challenges
that they were contrary to sound public
policy. See Alsoa Steamship Co. V. Charles
Ferran & Co., 383 F.2d 46 (5th Cir. 1967).
Nor do such limitation clauses have to meet
the requirements for ligquidated damage
clauses, namely that the amount set is
reasonable and that the precise measurement
of damages would be difficult or impossible
to ascertain. (See Restatement, Contracts
8 339, Comment g.)

If such a c¢lause were included in a new
construction contract, it might well be
argued that damage to a not-yet completed
vessel was not suffered by the purchaser
but was rather an injury to the interest of
the shipyard (since it had an obligation
under contract to deliver a sound vessel)
therefore rendering the clause inefficacious.
Recent MSB contracts for subsidized LNG
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carriers have included limitations on the
huitderts liabilities in hoth contract and
tort to the purchiser for ccr{ain subsystems.
MA/MSB Contract No,-J257 specifies a §5
million limit on claims guarantecd by a
license from Conch on the design or per-
formance of the cryogenic system.  Similarly
there is a $23 million limit on claims

hased on construction or installation of

the cryevgenic system by Avondale Shipyurd's
subcontractor, Kiiser Aluminum and Chemical
Safes, Ine. (00 art. XVIID (h)).

Another possibility which may arise is
that the vessel would already have a fixture
or a4 starting date for a "hell or high
wiater! time charter but negligence of the
vard in constructing rthe vessel caused delay
tn its delivery which either triggered
the charter's cancelling clause or else
deferred the start of hire.  lven if financ-
ing arrangements call for interest only
during the construction period, deferral
of the income-producing utilization of the
vessel can be very costly,  Similarly, if
the dumage occurs hetween progress payments
the escrow agent may not have to release
the next construction payment but often
the lender treats these funds as committed
and as purt of the principal owing neverthe-
less.  In any event, the cancellation or
deferral of the charter represents a loss
or deferral of revenue to the purchaser.
Benerally the vourts have not allowed the
shipowner (purchaser) to recover for a loss
af revenue under o contract with a third
parey faee Sdding v Dok oo, Pling, 275
.5, 303 (1a27). Faf e o, Ry MeDermort
Voheons s Eaome, 483 FL2d 1202 {5th
Cir. 197003, lor a further discussion
of cutting off Hability for remote conse-
quential damages ove Chapter ¥, Shipowner
or Dperators’ Liuhility, cCommon Low Damage
(ni-cfla, fnfm;,

MANIIFA PR T AK FLETY IN TonT
i -:r:':m o '_‘: b

The desipn of a vesse] will obviously
influence the way it performs and how safe
it is. JFailure to use reasonable care in
vpginvcring strength of materials computa-
tions or in doing scale-made] testing, or
overlooking a safety fearure when a reasonable
designer would have foreseen the risks
involved in omitting the feature, could
ron%titutc negligent design. See, e.g.,
frofun Boat e, o, Lutz, 358 F.2d 299 (5th
tUir. 1966} (design of yachr which did not
cdll for bilge ventilating ducts held tg
be negligent when VApOrs accumulated ang
exploded causing injury). For some products
the stundard of reasonable care and design

is pegged to the general safotly conscipusness
of the industry and consumers gt th§ time

the product was designed even if subsequent
awarencss would call for more orqbcttgr
safety features. ez, €.9., M13; ., Hobart
Manufaciuring Uo., 150 F.2d 1176 {Sth‘

Cir. 1971).* 1t seems unlikely that builders
of NG carriers could fail to be aware

of the need for safety in view of the inten-
sive controversy over the safety of these
vessels and over INC in general. Recent
cases hove estoblished that the designer

has a duty to Jesiygn against unduly injurious
consequences from a collision or Casuale
using the product, cven though such activity
would obviously not he its "intended use.'
See Larsen v. Genweral Motors {orp., 391 F.2d
495 (Bth Cir. 1968} (design of steering

wheel assembly to minimize "second collision®
injuries in auto).

A design defect may be actionable under
strict Tiability in tort (ase Restatement
{2d), Torts § 4028). JGee, e.g., Jarmieson
v. Woodward & Lothrop, 247 F.2d 23 (D.C.

Cir. 1957) (5-4) (defective design of

elastic exercise device). Sea generally,
Noel, Manufacturers' Negligence of Design

or Direction for Use of Product, 71 Yale

L..J. 816 (1962). Design defects have been
described as inadvertent and advertent.

A recent Oregon Supreme Court case has for-
mulated a test for determining whether an
inadvertent design is defective so as to
impose strict liability on the manufacturer.
In a jury case, the jury is instructed to
azgume that the manufacturer knew of the
possibility of exposure to harm (Z.e., the
risk) inherent in the design it used, and then
the jury must decide whether a reasonable
manufacturcer would have gone ahead and
marketed the product with that knowledge,

See Phillips v. Kimiood Maohine To., 269

Or. 485, 525 P.2d 1033 {1974). An implicit
limitation on imputing the knowledge of

risk to the manufacturer under this method

is that the Tisk be "knowable" under modern
methods of scientific investigation.

Advertent design defects are those where

the desigrers foresaw the risk but for

reasons of efficiency, economy, low probability
of harm, or technological impossibility of
achieving a superior design, may have chosen
to use the design notwithstanding the

;isk. It has been suggested that this problam
15 56 polycentric that commonlasw COUTtS

are unsuited for determining liability and
that standards would be more appropriately

set by administrative agencies, See Henderson,
Judicial Review of Manufacturers’ o
lesign Choices: ‘the Limits of Adiu
73 Colum, L.Rev. 1531 (1973).

nECTous
TLlagtion,

*See also, Bruce » Martin-Marietra o
W - = Lorp.
544 F.2d 442 (10th Cir. 19767, ’



ownerg ! design

It is possible that LNG ships will be
manufactured according to plans or specifi-
cations developed by either the shipbuilder
or the Maritime Administration. In such
a case, if the manufacturer is in complete
compliance with the pians and the harm
occurred solely because of the poor design
incorporated in the plans, the shipyard
would not be liable. See [.S. v. Spiran,
248 U.S. 132 {1918) (drydock design);
Turkish State Ratlvay v. Vulean Iromdorks,
153 F.2d 616 (D.Pa. 1957) {dictum) (no lia-
hility when manufacturer followed purchaser's
specifications for locomotive boilers).
However, if the purchaser merely indicates
the special purposes to which the product
is to be put or prescribes functional
features, this will not protect the manu-
facturer from implied warranty liability.

Of. Aleoa v. Electro-Flo Corp.,451 F.2d 1115

(10th Cir.1971) (portable "dodge-‘en car' floor).

ecomplianee with regulations

Even if Coast Guard officials had made
a complete plan review or had made a ship-
vard visitation for a crucial step in the
fabrication, their approval would not re-
lease the shipyard from liability. See,
e.qg., Boylston v. Armour & Co., 156 S.C.
1, 12 S5.E.2d 34 (1940} (tainted ham duly
approved by U.S.D.A. inspectors). Of
course, if the shipyvard's foreperson was
expressly countermanded by a government
official and, as a result of doing it as
ordered by the official the product became
defective, the shipyard would have a right
ot indemnity against the government.

Since many of the design parameters are
set by Coast Guard regulations, the yard
may successfully plead that it had no dis-
cretion in design and simply complied with
what the regulation required. If this
compliance can be showWwn to be the sole
cause of the casualty this should serve as
a defense for the shipyard, In In re The
Marine Sulphur GQueen, 450 F.2d 8%, 98 (2d
Cir. 1972}, the court held that a vessel
which had been specially reconstructed to
carry molten sulphur in bulk was not negli-
gently designed making its owners liable
per se. Plaintiffs had alleged that the
vessel, which was lost with all hands on
board, hroke up because an American Bureau
of Shipping rule pertaining to transverse
bulkheads had been viclated. The court
found that there was & provisicen in the
ABS rule for appreval by the Coast Guard
where special arrangements are necessary.
In fact, the Coast Guard had approved the
design which deviated from the ABS specifi-

cation so per se liability was denied although
the owners were held to be liable on other
grounds. In Martin 0il Service v. 5t. louis
Shipbuilding & Steel Co., 1965 AMC 1839

(Ed. Mo.) a shipbuilder was held not negligent
in the design of a gasoline barge which
subsequently exploded because it had followed
the Coast Guard regulations in its design,
the plans had heen reviewed and approved

by the Coast Guard, and the Coast Guard

had made a pre-launch inspection of the
vessel. See aglso, Southwestern Gas &
Electric Co. v, Deshazo, 199 Ark. 1678,

138 5.2d 397 (1940) (power company's lines
laid out in accordance with Utility Com-
mission rules thus no liability when fallen
tree caused electrocution). Another court,
however, has heid that compliance with label-
ing requirements in the Department of
Agriculture's regulations pertaining to

the marketing of a pesticide known as
Peratheon did not automatically preclude
liability for negligent design, defective
labeling, or negligent failure to warn.

The court felt this was a jury questicn

and upheld a verdict for the plaintiff.
Hubbard-Hall Chemical Co. v. Silverman,

340 F.2d 402 (1st Cir. 1965).

the unavoidable defect and state of the
art defenses

Restatement {(2d) Torts, § 402A, Comment
k says "products which, in the present
state of human knowledge, are quite incapable
of being made safe for their intended and
ordinary use" are not unreasonably dangerous
if "such experience as there is justifies
the marketing and use of the . [product }
nothwithstanding a . . recognizable risk"
and the product is '"accompanied by proper
directions and warning.' {ompare heye v.
wyeth Laboratories, 498 F.2d 1264 (5th Cir.
1874) with Cwnmingham v. Pfizer, 532 P.2d
1377 (Okla. 1974) on the issue of adequate
warnings with regard to unavoidably unsafe
drugs. In Cwmingham v. MoNeal Memoriagl
dospital, 47 I11.2d 443, 266 N.E.2d 897
{(1970) the court held a hospital
strictly liable for supplying whole blood
infected with serum hepatitis. The
defendant hospital in that case argued that
there was no way to detect the hepatitis
in the blood and that therefore the ¢xemption
of Comment k applied. The court stated
that it was ""of abselutely no moment" that
the defendant was unable to detect the bad
blood since it felt that the blood was
"adulterated” with hepatitis. Cigarette
and drug manufacturers have generally suc-
ceeded in avoiding liability for side effects
which were unknown and unknowable at the
time their products were manufactured. See,
€.4., Busco o, Stevling Iruz, 416 F.2d 417
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(2d Cir. 1969) and Creen v. American Tokaceo
Co., 391 F.2d 97 (5th Cir. 1968) (8-4 on
Rehearing en banc).

Although it might seem that most of the
hazards of LNG carriuge by sea have by now
been foreseen by marine engineers and
architects, it is possible that there are
some hazards which are not yet known to
today's designers. The mere fact that they
are not yet known, however, is probably not
sufficient for the unavoidable defect
defense or the state of the art defense since,
if they are "knowable" by diligent research
and experimentation given our present
scientific equipment and methodelogy, it
may be no excuse that the designer had not
bothered to discover thenm.

Manufacturing Flass
workmanehip

Workmanship which is not up to the stan-
dard of a reasonable journeypersom worker
and materials which fail because of their
inadequacy and which a reasenable inspection
program would have detected und rejected,
will lead to liability based on negligence.
Even where the shipvard can demonstrate
that it hired only the most skilled workers,
provided only the best tools, had a reason-
able ratio of supervisors to workers, and
inspected the work produced in a reasonable
manner, it may still be liable under the
strict liahility principles of Restatement
(2d} Torts 8 s024 if its product turns out
to be unreascnably dangerous, in some
cases where an exact reconstruction of the
failure made is not possible because the
product has disintegrated or been lost,
admiralty courts have applied strict lia-
bility on a "nen-specific defect" theory.
See, ¢.g., Lindsay v. MeDomneil Douglas
Aireraft Corp., 460 F.2d 631 (8th Cir.
1972}.  (In Califernia a showing of "unrea-
sonable dangerousness” is not required once
a "defect" can be identified. Zeez Cronin
v. J.B.E. Glaon Corp., 104 Cal.Rptr, 433
(1972)).

However, as to the purchaser of the ves-
sel, the yard might attempt to raise an
assumption of risk or estoppel defense under
certain circumstances. If the owner's
representative or surveyor were present in
the yard when the allegedly faulty workman-
ship was going on, it might be argued that
the shipowner had "approved" the work. In
the rare case where some deviation from
Plans and specifications was proposed to
and agreed to by the owner's Tepresentative
and it was that deviation which lead to the
casuaity, this argument might be justified,
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In general the argument seems weak, however.
Shipyards are vevy large areas and a single
human being certainly cannot approve every-
thing that is done in the entirve yard {even
supposing he or she is on the premises
twenty-four hours a day). Moreover, such

a person's presence is usually for the purpose
of checking gross progress on the vessel for
purposes of relcasing progress payments, or
to perform statistical sampling rather than
for individual approval and ratification

of every item of work done. Finally, there
would be a serious question as to the
autharity of such o person to waive an
owner's claim. Usually a surveyor's authority
is limited te protecting the owners interest,
stopping incorecct work that he or she
happens to observe, and making suggestions,
Even where the purchaser makes specific
efforts to test the product prior to
acceptance and fails to discover the defect,
the manufacturer is still liable for the
defective product. Jee Boeing Airplane Co.
v, Hrows, 291 F.2d 310 (9th Cir. 1961),

There is some dictum, however, in charter
cases which suggest that a person employing
a marine surveyor may be estopped from
asserting a claim based on condition of the
vessel which was observed by the surveyor.
See Hewion Fouds Sarrievs Ime, v. Allded
Chemizal Corp., 329 F.2d 392 (4th Cir. 1964).
Gee also, Im re Marine Sulphur Queen,

460 F.2d 89, 104-105 (2d Cir. 1972). 1In

any event, strict liability has been extended
by the courts to plaintiffs who are bystanders
and not parties te the purchase transaction
(see, e.j., Coditng v, Paglia, 345 N.Y.§.2d
46! (1973)), and such bystander plaintiffs
could not be hound by any supposed assumption
of the Tisk by the purchaser.

materiate and awbossemblies

In shipbuiiding all of the steel is pro-
duced by a steel supplier and many pieces
of equipment and small components and sub-
assemblies are supplied by sub-contractors
or vendors. Thus, the prime assembler
{the shipyard} vwouid have an obligation
to test {(in a manner reasonably calculated
to discover potential hazards) the materials
and components incorporated inte an NG
carrier. See, ¢.g., Westric Battery Co.

@ Standard Rlestrie Co., 482 F.2d 1307
(10th Cir, 1973); Meklaue v. Hughes Tool
5., 417 F.2d 983 (8th Cir. 1969). Moreover,
the duty to test is non-delegable and cannot
be contracted out to the supplier as a
means of avoiding liability. See, e.g.,
Boeing Aivclane To. v, Brownm, 219 F.2d 310
(8th Cir. 1961). This appears equally

true when component parts are involved.

In Watz v. Zapata Cffshore Co., 431 F.24
106 (5th Cir. 1970}, a manufacturer of



marine hoists incorporated in its product
chains manutactured hy another comapny.
Despite the fact that the hoist manufacturer
performed a number of tests, it failed to
catch a faulty link which fractured causing
an tnjury. The court held the hoist manu-
facturer to a duty to perform additional
tests. In MoKee v, Brunswick Corp., 354
F.2d 577 (7th Cir. 1965}, the court held

the manufacturer of a pleasure yacht whose
engine exploded because of a faulty ignition

cide manufacturer was held liable for damage
to peach trees in Michigan where the insecti-

cide was applied by a farmer. The manufacturer

had field-tested the chemical con peach

trecs but not trees growing in the climate
and soil of Michigan. Of further interest is
the fact that the defendant contended that

he had relied upon U.S. Department of
Agriculture recommendations in conducting

his test, but the court held this was a

jury gquestion and would not be an automatic

coil supplied by a component manufacturer defense.
to a duty to test both the coil and the
assembled engine. In Sterack! v. Seas
Shipping Co., 149 F.2d 98 (34 Cir. 1945)
ajftd 328 U.5. 85 (1945} a shipbuilder was
held liable to an injured longshoreman for a
defective shackle which it had purchased
from another company. The court held that
the shackle should have been X-rayed by

the shipyard to detect the flaw before it
was installed in the vessel. A few cases
dealing with coentractor's lilability that

component suppliers

Under New York law, neither the shipowner nor
the injured bystanders can sue component suppliers
in strict liability as they are felt to have an
adequate remedy against the shipyard. See Goldberg
v. Kolaman Instrument Corp., 12 N.Y.2d 432, 191 N.E.2
B1 (1963 {(faculty altimeter cause commercial pas-
senger plane to crash). But see, Swvada v. White
Motor Co., 32 I11.2d 612, 210 N.E.2d 182 (1965}

have considered the matter have held that
the builder is not responsible for the
insufficiency of the building resulting
from a latent defect in construction
materials it purchased from someone else
without knowledge of the defect if the
contractor exercised reasonable care in
selecting its supplier. However, the latest
case to consider this has rejected this
rule and expressly disapproved of eariier
precedents. ZSee Clarke v. Compbeil, 482
5.W.2d 7 (Mo. app. 1973).

Not only must a manufacturer test the
raw materials and lesser components but
it also has a duty to test the assembled
whole to establish its reliahility as a
system. Of., e€.g., Darmhart v. Freeman
Eguipment Co., 441 P.2d 993 (Okla. 1968)
(manufacturer of tie rods for trucks had
to determine compatibility with entire
front end assembly).

In addition to testing against design
specifications manufacturers have been
held fo a duty to functionally test the
finished products. Particularly appropriate
in this context is the case of Foley v.
Pittabuyrg Desmoines Co., 363 Pa. 1, 68
A.2d 517 (1949) which involved the manu-
facturer of the LNG storage tank that
collapsed in Cleveland, Ohio. The manu-
facturer tested the tank hydrostatically
but the court found this to have been an
insufficient test since when it was actually
functioning it would have been filled with
ING and the critical need was to determine
how the stecl would function in response
to cryogenic temperatures. Also of interest
is Fbers u. Genernl Chemiozl To., 310 Mich.
261, 17 NoW. 2d, 176 (1944) wherc an insecti-

{air brakes).
Builder's Duties Regarding Product Information

There is little chance that a modern ship-
yard would neglect any of its duties in this
regard but it is clear that it must provide
tactical data on the vessel, operating
manuals, and probably suggested maintenance
schedules. 1In Feddick v, white Consclidated
Industries, 295 F. Supp. 243 (D. Ga. 1968)
the court held the manufacturer of a gas
heater strictly liable for inadequate in-
structions concerning the venting of the
heater. The plaintiff had improperly in-
stalled the exhaust vents and as a result
was asphyvxiated. Although the heater itself
pertformed properly, the court held the
defective "product" was the inadequate
instruction manual. The complaint was held

to state a cause of action in implied warranty.

Restatement (2d) Torts, § 402, Comment j
says that "In order to prevent the product
from being unreasonably dangerous, the
seller may be required to give directions
Or warning as to its use. . . if he
has knowledge, or by the application of
reasonable, developed human skill and fore-
sight, should have knowledge of the .
danger."

SHIPOWNER OR OPERATORS®™ LIABILITY
GERERAL MARTTIME LA

If a fire is caused through the fault or
neglect of an ING ship operator and it spreads
te the pier and thus damages the pier and
other things on shore, the shipowner will
be responsible, Originally damage to
shore structures was not remediable in
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admiralty court. See The Plymouth, 70 U.S.
(3 Wall) 20 (1866). This was changed in 1948
when Congress passed the Admiralty Extension
Act {46 U.S.C. 8 740 (1970)). In many ports
shallow harbors will require long finger
piers out to adequate depth to berth LNG
carriers, thus any fire on the pier can be
controlled before it reaches other structures
on dry land. However, the pier itself

would be considered a portion of the land

so long as it was built on piles (which

all LNG piers and trestles would be) rather
than floating. Even if the ship were not

yet moored when the LNG spill occurred but
the pocl spread to shore and then ignited,

or vaporized and the plume reached shore

and then ignited, jurisdiction would lie

in the federal courts under the Admiralty
Extension Act. Moreover, if the LNG

carrier was at fault either through opera-
tional errors or navigational errors for

the spillage, there is authority under the
general maritime law to make them responsible
for the consequences of the spill. JSee
Petition of Wew Jersey Barging Corp., 168
F.Supp. 925 (S.D.N.Y. 1958) and Salaki v.
Atlas Tank Processing Corp., 120 F.Supp.

225 (E.D.N.Y. 1953). It should be remembered
in passing that with pier lengths typical

of most LNG terminals, mathematical simula-
tions indicate that for many spills neither
the pocl nor the plume would actually reach
shore. This would be all the more true if
the prevailing winds happened to be shore-to-
sea at the time. Of course, if the ship

were berthed and the automatic fuseable

links in LNG pipes to shore failed tc auto-
matically cleose the valves (an extremely

low probability occurrence) flame could
conceivably move through and explede the
pipeline. A more likely scenarioc is simply
that the flammable portions of the pier

would catch fire. Since many of the piers
would be made of reinforced concrete,
however, even this pathway for ship-to-shore
transmission of a flame front seems unlikely.

Besides 1iability to owners of damaged
property on land, the vessel operator would
have ligbility to the carge owner and crew
members to the extent of losses or injuries
resulting from an cnboard LNG ship fire.

In cases where vessels have mysteriously
broken up at sea with all hands lost the
courts generally have found the ships to

be unseaworthy. If the plaintiff can prove
that there was some element of unseaworthi-
ness in the vessel, the trier of fact is
permitted to infer that the element of
unseaworthiness was the cause of the loss,
(See In re Marine Sulphur Queen, supra,

at 99). This is true even where several
instances of unseaworthiness are demonstrated
but no one can say with any certainty which
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or how many of them contributed to the loss.
A court has said that "when an unseaworthy
vessel disappears at sea in expectable
weather but otherwise unknown circumstances
. . . the burden of production, but not the
burden of persuasion . [is shifted] to
the owners to demonstrate that the inference
. . . [of causation] is unreasonable.'

Id. at 100. In the Marine Sulphur {ueen

a hot sulphur carrier lacked three dimensional
thermal expansion capability without stress-
ing the hull unduly and was overloaded

so that some hot sulphur spilled into the
void space between the tank and the skimn

of the ship.

In The Penmsylvania, 259 F.2d 458,
1958 A.M.C. 1775 (9th Cir.) a cargo ship
went down with all hands on board in a
January crossing of the North Pacific in
the Gulf of Alaska. The last radio messages
indicated that a crack had opened in the
hull and that she was taking water in the
engine room. Presumably she broke in
half and rapidly sank. The court not only
held the vessel to be umnseaworthy but held )
that the managing agent had not used due ]
diligence to make her seaworthy before the
ship sailed and therefere the shipowner
was not entitled to limitation of liability
as against cargo and death claims. The
salient finding of the trial court upon
which the Ninth Circuit based its decision
was the fact that the vessel was unseaworthy
by reason of its crack sensitivity while
plying the stormy seas and cold ambient
temperatures of the Gulf of Alaska. The
relevance of such a decision to operators
of LNG carriers is obvious should small
spills be allowed to embrittle hull metal
or should poorly maintained insulation allow
a lessening of the temperature gradient
between cargoe tanks and hull plating. In
The Pennmeylvania a twenty-two foot crack
had opened in the deck on a previous voyage
and this had been repaired te the knowledge
of the company's port enginecer. It is
improbable that cracks will develop and
propagate in cargo tanks, but small local
spills could cause outer hull embrittlement.
Although the logic of the findings by the
trial court in The Pennsylvania seems at
best attenuated, it might be argued with
some justification that LNG carriers are
inherently susceptible to cracks. Thus
alert crew members and prompt, thorough
corrective action must necessarily be standard
procedure in the operation of these vessels.

Despite the folklore (no doubt aggravated
by media and attorneys) that every casualty
is redressible, there is a possibility that
a shipowner could defend on the theory of
inevitable accident. However, a true
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aecident is zomewhat TThe an Aot of Ged,
that is, 1t cannot be ascribed to the

L negligenee of the opervators, nor
a defeet in desivn or manufacture tracceable
hack to the hailder. 1t has been said that
to successtully defend on an unaveidable
theory the defendant:

+
¥ LSt O

vEither must show what was the cause
of the accident and that the result
of the cavse was incvitable; or
must show ull the possible causes,
one or the other of which produced
the effect; and must further show
with regard to every one of thesc
possible causes that the result
could not have been avoided.

The test of inevitable accident

is met when, first, the cause of
the accident is disclosed within
the limits of the most reliable
expert knowlodge peculiar te the
given art, and, second, when it

is conclusively shown that with

the exercise of reasonable care,
based upon such knowledge, the
accident ¢id, nevertheless, in

fact occur."

The Beacon, & F.Supp. 779, 780-781 (D, Md.
19347, The opinion in a more recent ucasc
invelving loss of steering of a tug when
a hydraulic line failed said:

MWhere, as here the defendant
asserts the accident was in-
evitable duc to a lavent defect
in the vesscl's machinery some-
thing more than a mere failure in
the machinery must be shown .
the Defendant must show proot of the
(equipment 's) age, history,
and strength, and must show that it
had not been used so long as to
impair the stremgth of the metal."

Ermest Construction Oo. v Mobile Sowing
fo., (TUG COMMODORE) 294 F.supp. 15, 1968
AM.C, 2541, 2545 (S.D. Ala.). In short,
the defendants must sustain the burden

of showing adequate maintenance and
inspection procedures including preventative
maintenance.

TWAFRLICARILITY OF STATUTORY LIAEILITY
SCHEMES

The 1968 JMCO Civil Lisbility Cenvention
(reprinted inm @ INT'L LEGAL MATERIALS 45
(1570)) embodies strict Iiability for the
escape of oil insofar as it may damage
PTCPETLY Or resources ashore or afloat
through contamination. However, cargoes
such as ING would he excluded since the

Convention 1s VETY specific that persistent
oil iz the only cargo within the scope of

its coverage {Id. Article I {537. Similarly,
the 1971 IMCO Supplemental Fund convention
desipgned to fund excess recoveries for
liabilities under the Civil Liability (on-
vention is only triggered by the splll of
pQI‘S:LStCI‘It oil [I"E’pf.‘iﬂt[’:d in 10 INT'L LECAL
MATERIALS 137 (1871)). IMCO has had under
consideration other marine bulk cargoes
contzining pellutants. (Jes Resolution of
the International Legal Confercnce on Marine
lollution Damage and International Cooperation
Concerning Pullutants other than 0il, G.A.
Res. 2566, 24 U.N. GADR Supp. 30 at 38,

U.N. Doc. A/7854 (1970) reprinted in 8 INT'L
LEGAL MATERLALS 423 {1970}). As a result

of this on-going study the IMCO drafters

and diplomats produced the 1973 Ship Pol-
lution Convention (12 INT'L LEGAL MATERIALS
1319 {1973)) but this treaty is directed

at the intcentional discharge of pollutants
from tankships in the course of bilge
pumping, tank washing, bunkering and cargo
transfer. The Convention does contain an
Annex for the “contrel of pollutien by noxious
liquid substances in bulk”. LNC carriers do
not wash tanks. Indeed, they usunally keep
them chilled with a heel left on board even
when in ballast and they would only be
drained and purged at long intervals when
necessary repairs or surveys had to take
place. Thus the prescriptions in this

treaty pertain, if at all, only peripherally
(for bunkering, bilge pumping) to LNG carriers.

The 1972 Amendments to the Federal Water
Pollution Contrel Act (33 U.S.C.A. BB 1321
et. seq. (Supp. 1975)) de provide for
strict liability for the discharge of
“hazardous substances' into or upon the
navigable waters of the United States or
the waters of the contiguous zone (up to
twelve miles offshore of mean low low water)
This strict liability runs in favor of the
U.S. Government for actual costs incurred
in ¢lean up and temoval with liability
limits running up to $14 millien. (74.

§ 1321(£)}. The Water Quality Administrator
has promulgated regulations designating
certain materials as '"hazardous substances.”
(49 C.F.R, B8 170 et. seq. (1975)}. Since
the legislution was primarily designed to
comhat and provide a remedy for pellution

of water and shoretine, the Administrator's
statutory guidelines limit the hazardous
substance designaticn to those "elements

and cempounds when discharged in any
quantity iato . . . waters . . . or adjoining
shorelines, . . present an immirent and
substantial danger to the public health or
we}fare. + .. LNG of course, would satisfy
§h1§ definition, but its hazard lies not

in 1ts pollution capability, but in its
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ignitability. Thus tg speak of strict lia-
bility for costs of removing the substance
does not really address the issue. The

LNG will evaporate, sven from a large spill,
in twenty minutes or less. An LNG cloud,
if not ignited, will entrain engugh water
vaper and absorb encugh heat from land,

air and water to becope positively buoyant
and rise to be naturally dispersed in the
upper atmosphere within a few minutes sa
this legislation is not particularly
appropriate to liability exposures of LNG
carriers.

Similarly, the Deepwater Port Act of
1974 (33 U.S.C.A. 8B 1501 et. seq. (1975
Supp.}, Pub.L.Noa. 93-627) is designed to
provide remedies for oil $pills from crude
0il tarkers and product tankers using
deepwater terminals such as moncbuoys . or
artificial islands offshore., The operative
language of § 18 of the Act speaks repeatedly
of the “discharge of ail". In any event,
LNG carriers are being designed with drafts
in the range of thirty-six to forty-two
feet and it is anticipated that they will
discharge and load at shoreside terminals
rather than deepwater ports. Not only
would exposure to offshore winds and seas
be more dangerous in the case of an LNG
carrier, but the additicnal problem of
undersea piping capable of maintaining
cryogenic temperatures would be bhoth formi-
dible and expensive,

INAPPLICABILITY OF VOLUNTARY COMPENSATION
SCHEMES

Neither the Tanker Owmers' Voluntary
Agreement Concerning Liability for 0il
Pollution [TOVALOP) nor its excess recovery
fund compliment, the Contract Regarding
Interim Supplement to Tanker Liability for
il Pollution (CRISTAL) pertain to LNG
pollution damages as they expressly exclude
LNG carriers and LPG carriers from the
definition of "tanker".

LIMITATION OF LIABILITY

Even where recovery is possible due to
fault or strict liability under certain
circumstances the shipowner or demise
charterer may be entitled to limit its
liability to a Finite monetary amount,

At the international level most maritime
nations, with the conspicuous exception of
the United States, are signatories to the
1957 Brussels Limitation of Liability
Convention (Reprinted in 6 A BENEDICT
ADMIRALTY, 634 (Rev. 7th Ed, 1969)}.  The
limits defined by that convention are based
o1 monetary units (standard pold francs)
multiplied by the adjusted net tonnage of
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the vessei. Thus if the ship owner is
found entitled to limit its liability, the
limit is set at a fintte amount, regardless
of the post-collision value of the vessel.

Under American law, hull insurance Payvable
in the event of a partial or total loss need
not be surrendered into the Yimitation fund
(see The City of Norwich, 118 11.5. 468
(1886)). The American limitation statute
(46 0.5.C. § 183 (1970)) 1imits the sigze of
the limitation fund for property damage claims
to the post-casualty value of the vessel]
plus pending freight if any. If personal
injury or deaths are tnvelved, such claimants
are entitled to a possible total recovery
in the aggregate of 460 U.5. per gross ton.
(Zd. § 183(b)-(£)). In view of the extreme
value of LNG carriers this might seem an
ample upper limit. However, if damage to the
vessel were serious enough to produce a
major spill and consequential third party
damages, it probably means thereo would be
a peol fire or a shipboard fire in addition
to structural damage and the pPost-casualty
value might be drastically reduced. Moreover,
if wind conditions were right and proximity
to shore were such that a vapor plume could
reach a populated urban aves and then ignite,
¢laims could be enormous. For example 30,000
People reside on Staten [sland in New York
{site of Fastcogas"' ING terminal), not to
mention a multitude of industriual facilities.

In the past when activities deemed essential
to the American economy have heen undertaken,
special federal statutory limits on lability
have been enacted (eee, e.5., 42 U.S.C. §
2210 (maximum liability of slightly over
$500 million for operator of nuclear power
reactor} and 43 U.S.C.A. § 1653 (1976 Supp. )
(strict liability of $50 million for holder
of right of way for Alaska 0ii Pipeline
(Prudhoe Bay to Valdez) and $14 million
individual responsibility for tanker owners
carrying trans-Alaska pipeline oil)).

COMMON LN DAMAGE CUT-OFFS

There is commonlaw precedent for cutting
off recovery of damages which are remote
Or causally attenuated from the activity
upon which liability is predicated. Un-
fortunately, a variety of theories are used
to justify this result, including proximate
cause, unforeseeable consequences, supervening
cause, and culpable activity which as "come
to rest". In fact most of this judicial
legerdemain is bottomed on a policy notion
that te impose additional losses would
simply be catastrophic for the defendant and
that a broader fiscal base {(¢.g9., federal
disaster aid money or various forms of direct
and indirect public relief] must be used to




absorb the loss. Since the ability 1o
insure against liability (another form of
risk spreading} or to spread the cost through
pricing policies as a form of self-insurdance
aTte predicated in part on the ability

to predict, anticipate, or foresee the
occurrence of such losses, notions of
foreseeahility necessarily play a part in
such damage cutoffs. In the celebrated
English cases invelving the Waggonmound,

the English courts rejected a retrospective
test of liability for unusual damages and
adopted the foresight test (see (verseas
Tank Ship (U.K.) Ltd. v. Miller Steamship
©o., 2 All Cngland Reports, 709 (1966}).

In The wWaggonmound the chief engincer of

a vessel in Sidney Harbor countenanced

the discharge of some bunker oil from his
ship. By a fairly rare combination of
events, local winds carried the oil slick
across the harbor where it collected under
the pilings of a ship repair company. The
repairer was conducting "hot work™ (i.e.,
using acetylenme cutting torches). Meanwhiie
the ship operator, who had spilled the oil,
made no effort to collect or disperse it.
Some hot sparks in the repair yard ignited
some cotton waste which im turn fell off
the repairer's dock into the waters beneath,
Conditions were just right for the cil to
ignite and a large fire started, damaging
plaintiff's vessel which was moored nearby.
The Privey Council stated that so long as
the risk was a real one and not farfetched,
a reasonable person with the experience of
the chief engineer should have taken the
modest action required to stop the spillage
at an early stage, even though he might
have realized that the risk would only come
to fruition "in very exceptional circum-
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stances." (7d. 719}.

An even more bizarre case was decided
by the Second Circuit Court of Appeals
in 1964 (Fetition of Kinsman Uvansil (o.,
338 F.2d 708 (2d Cir.)). Defendant's vessel
was moored at a river whart three miles
upstream from Buffalo, New York. The
Buffalo River at that time of yecar contained
small chunks of ice and debris. Some of this
accumulated between the ship's bow and the
river bank and caused her mooring lines
to part. As a result, the ship breke loose
and careened stern first down the winding
river where it collided with another
moored ship, breaking that ship's mooring
lines and thus adding a second powerless
ship drifting stern first down the river.
A drawbridge in Buffale was not raised in
time and the two vessels wedged between
the bridge and the shore, creating a partial
dam of the river. This caused water and ice
to back up and flood shore facilities as
far as two miles upstream. Negligence

could be found on the part of the ship's

crew in handling the mooring lines and anchors
and on the part of the drawhrwdge operators
in detaving the raising of the span (which,
had it heen raised, might have allowed the
vessels to pass safely through). Using a
zone of peril type of analysis, the court
reasoncd that improperly moored ships or
improperly maintained mooring facilities could
result in ships breaking away and damaging
themselves or property into which they might
drift. Thus so long as the time, place, and
general type of harm was similar to that which
could be foreseen, the particular sequence in
which it occurred or the particular factors
which additiconally may have contributed

to the magnitude of the harm, would not pre-
clude liability. Strictly speaking it would
seem that flooding is not quite the same

as damage from a collision Impact, especially
for a shore structure, but nevertheless the
majority of the court concluded “"where the
damages resulted from the same physical forces
whose existence required the exercise of
greater care than was displayed and were of
the same general sort that was expectable,
unforeseeahility of the exact developments
and of the extent of the loss will not

limit liability." (Id. p. 726). Four years
later the sequelac of this incident were
still being litigated and in Kinsman

Traratt Ne. ¢, 388 F.2d 821 (2d Cir. 1968),
the appeal was by the owner of one of the
downstream vessels which was struck and
broken leoose from its moorings by the first
ship. The issue on appeal did not go to
property damage to the ship, bhut rather
economic loss to the shipowner who was in
the midst of discharging cargo when its

ship was struck and consequently had to

rent special equipment to continue the
discharge from the new location of its

ship (by then firmly embedded in the ice
jam). The court denied liability and said,
‘'under all the circumstances of this case,
we hold that the connection between the
defendant's negligence and the claimant's
damages is too tenuous and remote to permit
recovery." (Jd. p. B25). Thus, there

may be some point where attenuated losses,
especially economic losses, may not be
rederessable against an LNG carrier whose
neglipence has been a substantial cause of
an LNG fire.

TERMINAL OWNER'S LIABILITY

Of course, terminal owners will be respon-
sible for their ordinary negligence in
the operation of the terminal. Indeed, as
in the firearm cases (sez, &.g., Jensen v.
Minard, 44 Cal.2d 325, 228 P.2d 7 (1955))
the "reasonable person’ standard of care
will impose an obligation on the terminal
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operator to use great care. This may be in
part because a terminal operator is saddled
with special duties in its status as a
quasi public utility, But even apart from
that, it is simply because the "reasonable
person' does use great care when performing
activities that have the potential for
great harm such as handling firearms or
storing LNG. The balance of the discussion
in this section will be devoted to
specialized applications of commonlaw and
statutery rules to terminal operators'
liability.

ULTRA-BAZARDOUS ACTIVITY

Commoniaw courts have imposed strict
liability on defendants who CarTy on
"abnormally dangerous™ activities, notwith-
standing that the defendant has used the
utmost care. Liability is limited, however,
to the kind of harm which is expected to
result from the carrying on of the activity
if it miscarries. (See Restatement {2d)
Torts § 519 (tent. Draft No. 10, 1964}). The
American Law Institute summarizes the cases
by saying that an activity will be found
to be abnormally dangerous depending on
the following factors: (a) whether it
involves a high degree of risk of harm to
others; {b) whether the gravity of the harm
which may result from the activity is
likely to be great; (c) whether the risk
cannot be eliminated by the exercise of
reasonable care (if it cannot, this is a
reason for temming the activity abnormally
dangerous}; {d) whether the activity is a
matter of common usage {if it is, it is
not likely to be termed abnermally dangerous);
(e} whether the activity is inappropriate
to the place where it is carried on (if it
is, then it may be abnormally dangerous);
and (f) the value of the activity to the
community {if it has high value, it caanot
be prohibited so it is a candidate for
strict liability). (Id. 8 520). High-
pressure water mains have been held not to
be abnormally dangerous activities in
Pacific Northwest Bell Co. v, Port of
Seattle, Bl Wash.2d 59, 491 P.2d 1037 {1971)
and Medaid v. City of Pendleton, 4 Or. App.
380, 478 P.2d 642 (App. 1970).

On the other hand, in Siegler v. Kuehlman,
81 Wash.2d 448, 502 P.2d 11B] (19723, the
Washington Supreme Court held the transpor-
tation of gasoline by a trailer tank truck
on a freeway to be an abnormally dangerous
activity and imposed strict liability. The
court emphasized the large quantity of the
gas, "the great dangers inherent in the
volatile and explosive nature of the
substance", and the hazards of high speed
traffic as a source of collision and
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ignition in rendering its decision. The
quantity and flamability criteria are
certainly met by the storage of ING although
the traffic impact problem is much less than
transportation on a puhiic freeway. However,
some terminals are located close to airport
glide paths and may be exposed te some
slightly enhanced risk of impact by large
commercial aircraft.

FPOSSIBLE NON-DELEGABILITY OF DUTY OF SAFE
DESIGN

If the terminal storage tanks or piping
or valves or vaporizers were improperly
designed, the independent contractor retained
for the design would be liable on negligence
Principles for the design alone and on
strict liability principles if the designer
also manufactured or installed the faulty
element. A more interesting question is
whether the terminal operator also may be
responsible on the theory that it could
not delegate the design work to the indepen-
dent contractor. The Americun Law Institute
indicates that such would be the case (ses
Restatement (2d) Torts B 442, Comment d).
However, most of the existing cases seem to
imply that if the owner had used due diligence
in selecting a competent architect it is
entitled to rely on the architect's plans.
(Burk v. Irelond, 166 N.Y. 305, 59 N.E. 914
{1901}). However, a more recent case
allowed recovery against the owner and then
gave him a right over (for indemnity) against
the architect and builder. (See Imrmar v,
Binghampron Housing Auinority, 152 N.Y.S.2d
78 (1956)). Although there scems to be a
Paucity of decided cases and theoretical
literature on this issue, this wWriter
feels that the imposition of a non-delegable
duty is fairly probable in future years.
In such cases, the terminal operators
should be able to implead the manufacturer
and thereby be indemnificd. Jee, e.q.,
Nots v. Pieo Peak Carp., 469 F.24 358 (2d
Cir. 1972) (negligent manufacturer of ski
lift).

FIRE SPREAD CASES

The so-called New York rule on the spread
of fire is that a defendant who has negli-
gently caused a fire to originate on its
property is responsible to the first
adjacent property owner for fire damage to
that pilaintiff's property but is not
liable to more removed property owners
See Byan v. New York Central ER, 35 N.Y,
210 (1866). Tt has been suggested that this
minority rule is based on the policy that
property owners can best evaluate their
own fire Iosses anticipatorily and that
first-party fire insurance is therefore more



efficient than third-party liability insur-
ance. Moreover, the rule may he a reaction
against the catastrophically large liability
cxposures that would otherwise be suffered
hy defendants in densely populated AreAs.
Contrast the New York rule with the Kunsas
rule which cuts off liability in rerms of
distance from the original fire measured in
miles. Again, local policies may be at

play as large wheat farms {uncconomic or
impossible to insure) might be the most
vulnerable victims of fire, expecially
decades ago when old locomotives showered
sparks on trackside wheatr fields. (Jee, &.g.,
Atchison, F. & 5.F.R. Co. v Stanford,

12 Kan. 354, 15 Am. Rep. 362 (1874)). It is
uncertain whether a terminal operator would
benefit from such damage cutoff rules under
modern jurisprudence, but very large
exposures should be anticipated.

VIOLATTORS Of CRIMINAL COR SAFETY SUATUTES
AND REGULATIONS

Even if liability were based on a fault
(e.g., negligence) standard, injured parties
might be able to prevail on the issuec of
breach of the duty of due care by pointing
to violations of criminal statutes or safety
and welfare statutes. Although few juris-
dictions any longer adhere to a strict ''per
se" doctrine of negligence through statutory
vielation, many jurisdictions treat such a
violation either as a rebhuttable presumption
of neglipgence (where the defendant must
show that under the circumstances its con-
duct was cxcusable or otherwisc reasonable)
or as a permissible inference of negligence
where the jury would be free to find for
the plaintiff on the breach issue seolely
on evidence of violation of stautute, but
would not be compelled to do so. ([See, e.4.,
Freund v. DeBuse, 264 0Or. 447, 506 P.2d
491 (1973) (automobile brake maintenance
statute)}. In any event three threshold
demonstrations must be made before any
advantage can accrue to the plaintiff. It
must be shown that there was a clear viola-
tion of the statute; it must be shown that
the statute was designed to protect the
class of persons of which the plaintiff
is a member; and it must be shown that
the statute was designed to prevent or
minimize the same type of harm by which the
plaintiff was injured. (See Arithur v. Flota
Menognte Gran Cenire Americana, 487 F.2d
561 (5th Cir. 1973) (Coast Guard regulations
re securing gangway on vessel)}.

Although Coast Guard regulations imple-
menting IMCO treaties such as the Safety of
Life at Sea Convention and the Gas Code
are not criminal statutes as such, they are
unmistakeably health and welfare (safety)

regulations duly promulgated with the

foree of statutorv law. In general there
is a requirement that the statutory
violation be shown to have cauwsed the injury
complained of. This is to some extent sub-
sumed in the threshold showing with regard
to the type of harm. But in many cases a
demonstration of cause-in-fact is required
as part of the plaintiff's case. Compare
Stachniewicz o, Mar-Cun Jorp., 259 Or. 583,
488 P.2d 436 (1971} (requiring proof of
cause in violation of liguor regulation)
with Haft v. Lone Palm Motel, 3 Cal.3d 756,
91 Cal.Rptr. 745, 478 P.24d 465 (1870) (no
independent proof of cause required for
viclation of swimming pool warning sign
statute).

There are some statutes which although
enacted for preventative safety purposes,
also contain express provisions creating or
relating to civil liability after an
accident has occurred as the result of a
violation {se¢e, e.g., Federal Consumer Pro-
ducts Safety Act, 15 U.S.C.A. 8 2573 (1975
Supp.) (civil liability for "kuowing
viglation" of rule or order of Federal
Product Safety Commission)}. The majority
of such statutory regulation schemes, however,
do not address themselves to civil remedies
but leave that the the extant tort law (zee,
e.g., Natural Gas Pipeline Safety Act of
1568, 45 U.5.C. 8 1677(b) (1970)). Moreover,
compliance with a safety regulation does not
necessarily mean that the defendant will not
be found negligent in its conduct as the
railroad cases readily show. JSeg, €.7.,
Scuthern Pasifie RR (o. v. Mitchell,

80 Ariz. 50, 292 P.2d 827 (1956).

STRICT LIABILITY BY STATUTE

This investigator is aware of only one
statute which specifically calls for strict
ligbility in conjunction with the handling
and storage of liquefied natural gas. In
June of 1976 the New York legislature
cnacted the Liqucfied Natural and Petroleum
Gas Act. Besides establishing a fairly
comprehensive set of siting criteria and
a permit procedure, the Act crestes strict
liability for entities storing, transporting,
or converting (vaporizing) LNG within the
state.

"Neither compliance with the require-
ments of this {Act], nor the
exercise of due care, shall excuse
any such person from liability for
personal or property damage deter-
mined te be caused by the accidental
release of liquefied natural or
petroleum gas within the state,

and neither proof of means of

91



ignition nor Jdistinctions between
direct and consecquential damage
shall relieve such person of
absolute liahility without regard
to intent or negligence for any
personal or property damage thereby
caused. [Now York Laws of 1976,
Chapter 892, Section 23-1717 (8)].

Not only is strict liability involved, but
the Act expressly eschews any limits on
censequential Jumuge. ‘Thus, even owners of
areas that are burned by secondary fires
ignited by the radiation flux of the burning
LNG could bring actions against the terminal
operator or LNG carrier. If a conventional
vessel rammed an LNG carrier while at the
berth at Staten Island causing the rupture
of a tank and the formation of an LNG plume
which eventuully ignited causing damage
ashore, the NG currier owner [or demise
charterer) would he strictly liable, but
would have an acrion over for indemnification
against the culpable ramming vessel and its
owier.  In such o case third-party claimants
could not utilize strict liability in

clauims agirinst the ramming vessel, but would
have to rely on conventional fault-based
theories. Whether such risks are insurable
ugainst open-cended liability remains to bhe
seen, and, if they are not, whether NG
trunsportation and storage inside of New York
wWill be economivally feasible remains an
open yuestion.

IMPLICATIONS OF CERTIFICATION PROGRAMS OR
SAFLTY RULE PROMULGATION

In view of the care taken in formulating
regulations and in conducting plan veview
of new vessel designs, it is quite unlikely
thut design error could be introduced
through this prucess. Nevertheless, it
is possible to conceive of a situation
where it could be shown that a casualty
wolild not have occurred but for the incor-
poration of a design element required by
the regulutions or by a plan review board.
In such a sttuation, could the Coast Guard
or the Qffive of Pipelinge Safety possibly
be liable for damages to the shipowner,
the facility operator, or injured thivd
parties? The Coust Guard cxercises its
authority to revicew plans of American flag
vessels to be constructed, as well as plans
of foreign flag vessels already built and
desiring to trade in U.5. waters. {46
CoFURG 8 91,20 and .55 (1575); 49 U.S.(.

8 1672(b] 119701 (OPS)).

I in fevt the risk pathway was beyond
the state of knowledpe at the time the
vegulationy were promulgared, or the plan
wis reviched, i1 is hard to see how the

Coast Guard or the UPS conld be taclted.

On the other hand, 11 11 was not beyond the
state of the art, and thus wuas knowablo

even if not presently knuwn, it may be that
an agency with speclalized responsibility

to promulgate the regulations should do

the necessary research {or contract to have
it done). In any event, 1f there were not

an objection by the shipbuilder or tacility
owner on record, it would seem that the
engineers and architects of the latter entity
would be at least equally negligent. A more
plausible scenario might simply invelve an
errer in reviewing the plans or in publishing
the requirement. MNegligence liability has heen
predicated upen failure tu maintain aids to
navigation once the government undertoock

that function (&ee, o.g5., Indian Tewing Jo.
v. Inited Stalzs, 350 U.S. 61 (1955)).

It might be argued similarly that although
the cvernment was not obliged to promuigate
hull-structure or carse-handling requirements
or operational requirements, once it did so,
it was obliged to drafr the regulations and
to carry out the plan reviews and on-board
inspections with due care. 27, %o Vman o,
United States, 398 V.Supp. 530 (E.D. Mich.
1975) (failure to match facts Againsy clear
regulatory requircements for issuance of
license to air taxi service). For a case
where 1 product certifier was held Itable

for negligent certification of a faulty
desiygn for a fire extinguisher, sce Hemps bad
v, Ceneral Mire Retingwicher Covn., 269
F.Supp. 109 {D. Del. 1967, (Feoe

Restatement (2d) Torts 8 324A).

g ealcl,

The issue of sovereign tmmunity is also
present here.  This has heen waived in
various statutes, including the Federal Tort
Clains Act and the Suits in Admiralty Act.

In Rardelcha clope. v iminad Slates,
451 F.2d 140 {&th Cir. 19719, the court

held that a suit for a stranding aileged

to have resnlted from an inaccurate chart
could be brought under the Suits in Admiralty
Act {46 U.5.C. B a1,
Tankprederie: welion o : 291
F.Supp. 83 (E.IL Mick. 19:43, the court
held that jurisdiction snd censent to suit
were found under the Susts in Admiralty

Act for a claim alleping that o grain ship
had caught fire due to improper inspection
procedures by government grain inspectors.

If distinctions are to be made between
updating marine clarts and inspecting the
way grain is loaded on ships on the one hand,
and performing pian reviews and on-board
inspections on the other, it would he a fine
distinction indeed. It secms thut in both
cascs, the allegatiens would he thet govern-
ment officials chavyged with a job have fuiled
to use due care in currying out that jab,
with the result that their errers contributed

1 [
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to a casualty. Of coursc, it could be

argued that in the respective situations the
shipowner was jointly rcsponsible for failure
to usec on-bhoard navigation equipment, or for
failure to have the chief officer i(nspect

the cargo, or for failure to have its own
marine architect discover the flawed design.
RBut joint tortfeasers can be held jointly
responsihle to third parties (see The Alabema
. The Gameccek, 92 U.S. 695 (1876)). Lven
as to claims by the vessel owner against the
government, the contributory negligence of
the vessel owner would merely diminish its
recovery proportionately rather than bar the
claim altogether.

More fundamental errars, either in not
doing sufficient research, or in making
choices and tradeoffs between safoty
features, or in making probabilisitic
assessments or risks for cost-benefit type
analyses, would seem 1o be 'judgmental" and
should be protected under both the Federal
Tort Claims Act and the Suits in Admiralty
Act as "discretionary' acts. (Jee, €.4g.,
28 U.5.C. 8 2680(a) (1970) and Dzlehite
v. United States, 346 U.5. 15 (1953) {acts
of administrators establishing plans,
specifications or schedules of operations
held "discretionary"). See also United
Stqtes v. Washingfion, 351 F.2d 913 {9th
Cir. 1965) {(decision where to place trans-
mission lines spanning canyon was assumed
to be discretionary but failure to warn
pilot was not); Imited Air Lines, me. v.
wiener, 335 F.2d 379, 397-398 (9th Cir.
1964} cert. den. sub nom., United Air
Lines, e, v. inited States, 379 U.5. 951
{decision to conduct military training
flights was discretionary but failure to
warn commercial airline was not): imited
Stateg v. White, 211 F.2d 79 (9th Cir.
1554) {decision not to "“dedud” army firing
range assumed to be discretionary but
faillure to warn person about to go onto
range of unsafe condition was not).
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marine insurance

Not only will LNG carriers be very larpe
capital investments, but they also have the
potential, however remote, of infligting
losses upon thousands of potential claimants.
Additionally, the carriers are the vital
link between the exporting country and the
importing country without which the tremen-
dously costly LNG facilities cannot function.
Thus, any downtime for the vessels must be
held to a minimum and repairs must be made
on an expedited basis. Because of the
specialized construction of the ships and
the specialized materials involved and
their very large size, it is likely that
only a few shipyards around the world will
be capable of effecting repairs. Some of
these same shipyards may have their bays
and drydocks engaged for the production of
new LNG carriers. Thus repair costs will
be high and expedited repairs will be even
more expensive. All of this means that
besides making every effort to design
reliability into the systems initially, the
availability of insurance to cover the
various risks is of paramount importance.

BUILDER'S RISK INSURANCE

The premiums for builder's risk insurance
will either be treated as part of the ship-
yard's overhead and priced out accordingly,
or will be paid directly by the purchaser of
the ship or ships being built (see¢ Chapter
WV, Congtruction D ffareniial Subsidy and
Title XI Mortgage Imsuranes supra). Essenti-
ally this type of insurance covers risks
that arise while the vessel is still in the
custody of the shipyard. These can range
all the way from conventional hull and pro-
tection and indempity risks while the vessel
is on builder's trials, shakedown cruises,
or afloat being fitted to losses of equip-
ment and materials that have been allocated
to the ship but may not vet be physically
installed in the hull. The Institute clauses
Builder's Risks cover three types of property:
the hull and machinery while under construc-
tion in the yard of the huilder, machinery
while being constructed or manufactured by
subcontractors, and machinery bought from
suppliers or vendors after delivery to the
builder. Coverage for hull and machinery
constructed by the builder extends while
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the property is at the builder's vard or

"at builder's premises elsewhere within the
port or place of construction at which the
builder's yard is situated and whilst in
transit between such locations." The "else-
where within the port or place" phraseology
would seem to contemplate that all subassembly
operations are within the same communi ty,
port or huarbor. To the extent that some
manufacturers such as General Dynamics have
their aluminum tank or stainless steel

tank manufacturing operations in a separate
locality, special endorsements would be
necessary to extend coverage (Institute
Clause 2). In no event will the coverage
extend beyond thirty days from the completion
of builder's trials (Jd. Clause 3).

One unique provision covers the cost of
replacing defective parts discovered to
contain latent defects during the period
of the insurance ({.e., before delivery)
{Id. Clause 5}. Design defects on the
other hand, ure treated somewhat differently
in that damage to the vessel or components
thereof which ocecurs during the coverage
period due to a faulty design is insured,
but the cost and expense of redesigning or
renewing parts improperly designed is not
covered (fd. Clause 6)}. Builder's trials
coverage 1s included up to 250 nautical
miles by water from the shipyard and can
be "held covered" at an additional premium
in the event trials need to go futher to
sea (Jd. Clause 7).

The basic policy contains a Running Down
Clause similar to the 4/4ths RDC found in
cenventional hull and machinery policies.
It also has a protection and indemnity
clause with liability coverage for cargo
on the other vessel in a collision, general
property damage, wreck removal, loss of
Iife and personal injury as well as any
general liabilities recoverable under the
P & I rules of the United Kingdom Mutual
Steamship Assurance Association {Burmuda)
Ltd. {{d. Clause 15). There is apparently
no limit on the liahility (similar to an
open entry in a P § I Club) so long as each
participating underwriter pavs no more than
its proportivnate share of the coverage
with regard to the insured value of the
vessel under construction {id. Clause 17).

Employee injuries to the assured's em-
ployees or subcontractors covered directly
or indirectly by worker's compensation
schemes are excluded as are claims arising
from strikes, lockouts, labor distrubances.
riots and civil commotions (7d. Clause 197.
the basic policy has the ususl war risk
exclusion Ufree from capture and seizure
{FFCS} restriing of princes, subotage,

36

miclear radtation and noclear weyapons) (7«
Clauses 21-241. It aiso excludes damages
caused by ecarthquakes and tidal waves {7d.
Clause 25). An endorscement identified as
"Clause 139" appears to limit the amount
recoverable under the protecction and indem-
nity clause for any onc accident te the "sum
. insured." This is elsewhere defined
as the final contract price or the total
building cost plus u designated percent.
Another endorsement identified as “'Clause
118" extends coverage to the builder's
employees and claims arising cut of strikes
or labor disturbances. An extra premium is
required to obtain this endorsement.
Negotiable deductibles are included, but as
of July, 1976, these are expected to reach
minimum amounts of $5,000. A rider may be
cbtained by extra premium to gain more risk
coverage and overcome the FFCS exclusions
of the basic policy. Coverage extends to
items which are on the vessecl at the time
of its launch or which are later added to
the vessel in a launched condition, but only
from and after the time they are emplaced
on the vessel {(Clause 117, lines 1-36}.
FEven this endorsement, however, cxcludes
damage arising from hostile detonations of
nuclear weapons, seizure for customs viola-
tions, or arising out of an outbreak of war
between Lngland, United States, France,
Russia or China or any of them (Clause 117,
lines 39-53). Morcover, the war risk
coverage on the rider automatically cancels
in the event of the use of atomic Weapons ,
a major war, or in the event of the vessel
being requisitioned (Jd. lines 63-84).

There has heen some concern as to whether the
insurance market could issue pelicies satis-
factory to cover the yard's ¢Xxposure consi-
dering the enormous value of ING carriers.
This is particularly true where yards are
building vessels sequentially with the
resulting multiple vessel exposure. [t has
been suggested that prelaunch risks might
be absorbed by non-marine underwriters such
as fire insurers in amounts up to $200 mil-
lion or more. Stringent yard surveys and
minigum separation distances for non-instailed
components etc., may be required by these
underwriters. To the present date, it
appears that the post-launch risks have been
successfully covered in their totality by
the American Hull Insurance Syndicate and the
Lleyds and LCnglish insurance companies (see
generally, speech of Richard Mittnacht,
Vice-President of Johnson § Higgins, "Insurance
of LNG Vessels During Construction™).

WAR RISKS

At certain times the commercial insurance
market has been unable or unwilling to offer



coverage on wiar risks and for this reason
the federal government has a program for
interim coverage until adequate coverage
can be obtained from private sources (see
46 C.F.R. Subchapter G (1975)1. 1In fact,
the povernment uses an underwriting agency
to perform the administrative functions of
tssuing and adjusting the insurance.  War
risk coverage provides ceoverage to fill the
gaps left by the war risk exclusions in
the hull insurance, the protection and
indemnity insurance and the builder's risk
insurance (sze 46 U.S.C. § 1282 (1970} ).

U.5.-documented vessels are eligible
for this insurance. Vessels under flags
of convenience in the Panlibhon countries
(Panama, Honduras, or Liberia)l which are
wver 1500 gress tons and not over twenty
years of azge and which are subject to an
unqualified contractual commitment to the
United States and arce cither owned by [.5.
corporations or by foreign corporations in
which a majority of the stock is owned and

controlled hy U.5. citizens are also eligible,

A third eligibility category would include
vessels similar to those in the second
category except that they are owned by
foreign corporations which are not directly
controlled by U.5. citizens or corporations,
but nevertheless are under long-term charters
or contricts which MARAD deems to subject
them to U.S5. control in the cvent of an
emergency. The charterer in such case must
he ¢ither a U.5. citizen or a l.5.-control-
led corporation. (46 C.F.R. B 308.1 (1975)).
An applicant for interim war risk insurance
in either of the last two categories must
further warrant that the vessel will maintain
its eligibility and will be made available

to the United States government upon Tequest
in the event of national emergency pursuant
to the terms of the contract of commitment
(Id. }.

Such insurance will only cover the owner's
interest in a vessel which was built with a
construction differential subsidy in the
event of an actual or constructive total
loss. The Secretary of Commerce is empowered
to set the total loss value at a figure not
to exceed the amount that would be payable
if the vessel had hegn requisitioned for
government use (Jd. § 338.103). The war
risk hull insurance attaches automatically
and simultaneously upon the outbreak of
war between any of the following countries:
United States, England, France, Russia or
China and terminates thirty days thereafter.
The policy underlying this termination
provision is apparently that comventional
coverage might terminate in the cvent of such
an incident and that thirty days would
give operators time to cemplete their voyage

commitments and obtain special risk endorse-
ments Uhrough conventional private insurance
channels. Coverage under the war risk hull
ciause includes "the risks of hostilities

or warlike opcrations, piracy, civil war,
revolution, rtebellion or insurrection or
civil strife arising therefrom, floating
and/or stationary mines and/or torpedoes
whether derelict or not, weapons of war
employing atomic or nuclear fission and/or
fusion or other like reaction or radicactive
force or matter und the applivation of sanc-
tions under international agreements whether
before or after declaration of war and
whether by a beligerent or otherwise.
{MARAD Form 240-A).

Coverages for war visks, builderts risk
insurance are divided into the pre-launch
period coverage, the post-launch peried
primary coverage, and the post-launch period
excess coverage. The excess coverage is
utilized when there is some war tisk coverage
available from the private market and the
primary coverage is utilized when no war
risk coverage is obtainable from companies
doing business in the United States. It
shoutd be noted that the protection and
indemnity coverage in the builder's risk
attaches only from the moment the vessel
becomes waterborne.

HULL AND MACHINERY INSURANCE

In a general sense, the perils to which
LNG carriers are expuscd are of the same
general nature as those to which all seagoing
cargo-carrying vessels, especially bulk
carriers, are exposcd. One would expect
the hull policies therefore to be identical
except pessibly for negotiated riders,
deductibles, and possibly higher premium
rates to reflect a greater or less knowable
risk.

The Running Down Clause or RDC is that
portion of the hull insurance which affords
protectlion against liability arising out
of the insured's vessel colliding with
another vessel and damaging it or its
cargo. Although earlicr versions of the
hull policy employved a 3/4ths RDC with the
idea of leaving 1/4 of the responsibility
on the insured as an incentive for safe
navigation, modern RDC's recongize that the
entire risk will be insured anyway and are
written on a 4/4ths basis. Since the real
hazard of LNG carriers is fire from ignition
of their spilled cargo, the value of this
particular clause to the LNG industry is
somewhat greater than it would be to any
conventional shipowner. It could happen
that a low-impact cellision was enough to
rupture a tank and ignite the spilling LNG
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causing a pool fire which engulfed the other
vessel before the two colliding vessels
could be separated. In such a situation,
impact damage might be relatively siight
whereas radiation and oxidation damage from
being in the center of a peol fire could
cause the other vessel to be a total loss.

Some hull policies are now using a so-
called "liner negligence" clause in place
of the additional perils clause. This clause
essentially extends coverage to errors
of judgment, incompetence and negligence
of any person, latent defects in the machinery
or hull, and accidents on shipboard or
elsewhere. This extends the coverage con-
siderably beyond the original concept of
insuring the ship against the perils of
the sea, fire, pirates, etc. An important
further broadening is accomplished by the
liner negligence clause over the additional
perils clause in that negligence is now that
of ""any person' instead of just that of
charterers, repairers, masters, officer,
crew or pilots. Similarly, the coverage
for accidents used to be limited to dry
docks and now is simply left at "shipbeard
or elsewhere," Thus for an LNG carrier,
this would extend to damages during loading
or discharge attributable to accidents
ashore, or the mistakes and errors of ter-
minal persennel. One additional peril, that
of contact with aircraft, or rockets, does
not explicitly appear in the liner negligence
clause, but is apparently subsumed under the
concept of an accident on shipboard. (Letter
from Philip E. Smith of Frank B. Hall §
Co. dated QOct. 21, 1976.) To the extent
that the proposed LNG terminal at Oxnard,
California is close to the missile test
range at Point Hueneme, and that the Staten
Island terminal is not far from major air-
ports, this might represent an important
narrowing of coverage.

It has been speculated by a senior
marine insurance official that the world
insurance market will not resist extending
coverage to LNG carriers, but will rate them
approximately 40% thigher for premium
purposes than even VLCC's and ULCC's carry-
ing crude oil. This was felt to be
basically due to the lack of experience
with the new technology involved, so this
same person felt that evidence of proper
and continuing training of the crew might
result in an eventual lowering of the
premium. He alsc speculated that under-
writers might resist the inclusion of the
liner negligence clause in the early vears
of insuring ING carriers.

As discussed in Chapter IV, Title 7
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subra, when sesscel financing 1s insured
under Title X7, the shipowner is obliged

to keep the vessel covered with hull
insurance and, at the Secretary's request,
with war risk hull insurance. The security
agreement specifies how the insurance pro-
ceeds are to be disbursed in the event of

a partial loss or an actual or constructive
total loss. {MSB Security Agrcement, B 2.07)
Marine and war risk protection and indemnity
insurance is also required. The right to
self insure or have a special deductible

is negotiable with each insured. The United
States is to be a named assured on all
policies of builder's risk, hull insurance
and P & I coverage. Unless the requirement
is waived by the Secretary of Commerce, the
pelicy shall have no recourse against the
United States for payment of premiums or
calls and at least ten days prior written
notice of cancellation for non-payment of
premiums shall be given to the Secretary

by the underwriters (7d. § 2.07(i)).

With regard to vessels constructed with
the help of a construction differential
subsidy, the contract between the MSB and
the shipowner places similar obligations
upon the shipownev. If requested by the
MSB, the owner rmust insure the interest of
the government in the vessel against the
risk of total loss for a period of twenty-
five years, or so long as the board pays
the ower an operating differential subsidy
in comrnection with that vessel, whichever
period is longer. (Contract MA/MSB-370,
Art. 5(a)]. The interest of the government
is essentially that proportion of the value
attributable to the CDS payments and Payments
for the cost of national defense features.
The difference in premium cost between
insuring the owner's interest only and
the owner's interest plus the MSB interest
is reimbursed to the owner hy the Board.
{(Id. Art. 5(d)}. (See generally, 46
C.F.R. B8 289.1-.3 (1975)).

PROTECTTON AND INDEMNITY INSURANCE

It has sometimes been said that hull
insurance and P & I insurance are to ships
as collision coverage and liability coverage
to automobiles. Protection and indemnity
insurance covers risks that are excluded
by the hull pelicy including the RDC. Thes,
persenal injury and death claims, claims
of cargo carried on hoard the insured vessel,
claims of proporty owners ashore, and other
lesser ¢laims are included in P § 1 coverage

The insurance i= typically underwritten by
mutual! assurance asscclations, often
referred to 2x £ § 1 "0Clubs'"., Like any
mutual insyrance company, the owners insure



rthemselves.  Thus, in this context, the club
mesbers are shipowners.  The association
commonly hires a professional management
cntity to administer the insurance program.
Club dues or "ealls" are made periodically.
At each renewal, the ¢lub attempts to adjust
the premium rating for each of its members
s0 that the size of the call is commensurate
with the risk to the association created

by the member. Changes in the nature of
the tradc cngaged in by the ship, the flag
oif registry, the quality of crew and manage-
ment are used to weight the premium further
between members. Of course, high deductibles
or restricted coverage will result in a lower
premium rating., Catastrophic losses are
shared among P & T associations around the
world under a4 stabilizing arrangement known
a5 the "pool'. FEven larger losses that
might cause wide fluctuatiens in size of
calls from year to year are reinsured be-
yond the pool of P & T clubs. [JSee UK,

P& T Club, MUTUALITY 13-1§ {1972}}. The
loss history of any individual club member
is also relevant as it is reflected in

its actual loss ratio and may call for a
higher call at the next renewal. {lubs
typically put out an "advance call' at the
heginning of the year and, if the income

so generated is insufficient to pay reinsur-
ance premiums, contributions to the pool,
administrative costs, and losses payable

by the ¢lub, a supplementary call is
assessed shortly after the close of the
year (Jd. at 25)}.

Entries in the associations may be either
unlimited or special, with the former having
open-ended liagbility coverage [Id. at 27).
Insofar as LNG carrier operators are con-
cerned, the key voverages would prohably be
"excess" coverage sbove the coverapge of the
R and the hull insurance, and coversge
for damage to fixed and floating objects
other than a vessel in c¢ollision with the
insured vessel. {(Yee, e.5., 1976 Rules of
thited Kingdom Mutual Steamship Assurance
Association (Bermuda) Ltd., Rules (14){A})
and 34(13) and Rules of the West of Enpland
Shipowners Mutual Protection and Indemnity
Association (Luxembourg), Rules 15d, 15e
and 21.) Since even a 4/4ths RDC usually
limits the hull underwriters to a payout no
greater than the insured value of the vessel,
there used to be some doubt as to whether
this "excess'" liability {assuming the ship-
owner were not entitled to limit its liabil-
ity to the insured value of the vessel or
less) was recoverable under the P & T policy.
In Landry v. Steamship Mutual imderwritiing
Assm., 177 F.Supp. 142 {D.Mass. 1959} aff'd.,
281 F.2d 482 (lst Cir. 1960), it was held
that the P § T policy did pick up this
excess. Many P § I Clubs then amended their

policy conditions to exclude this type of
exposurce.  The result was that in many cir-
cumstanves there wias @ need 1o acquire &
rider Tusually to the bhull policy} to provide
so-called "exvess" coverage. (Jee gemeraliy,
Hecht, The Full Folisy: Inter-pelutionship
of Muill and T & 7, 41 TULANE L.REV. 389, 392-
395 (1967)y1. Currently however, the major

P & 1 Clubs routinely include "excess'
coverage if the vessel is fully (a4 minimum
of 1.5, $82 per gross ton) insured under

her hull policy. ({See, s.g., West of Cngland
Rules 15(1)D and 21).

TOVALOP and CRISTAL, as discussed in Chapter
V, Shipowner ov Cperators [fabilizy, Inap-
plicabiitty of Voluntary Compensaiion Schemes
supra, pertain only to pollution from the
spillage of oil and are not of special
importance to LNG carrier operators.
Obligations under the TOVALOP agrecment are
insured by P & [ clubs. But even ships with
open entries have finite limits for oll
pollutieon liability {see West of England,
Rule 15E{2} (maximum c¢xposurc of $10 million
as of 1975} and United Kingdom Rule 14B
(maximum limits of $30 million as of 1976).

A special endorsement known as the Pellution
Buy-Back Endorsement is coming into common
usage in the American insurance market to
override the exlusions in the P & I Club
rules for pellution liahilities. Essentially,
the endorsement covers the insured for
"any loss, damages, costs, liability or
cxpense. (it) shall become liabile to
pay and shall pay in consequence of the
actual or potential discharge, emission,
spillage or leakage upon or inteo the seas,
waters, Iand or air of oil, petroleum
products, chemicals or other substances of
any kind or nature whatsoever. ‘"where the
spill was "proximately caused by fault on
the part of the assured'. However, even
this endorscment excludes liability under
federal, state or local legislation regulat-
ing or controlling the discharge. Tt also
excludes coverage for fines or penaltics
and has a 3% deductible feature. Although
the endorsement's exclusion for liability
under state law would apparently exclude
liability under New York's new strict lia-
bility law for LNG accidents, in general
the endorsement would scem to afford coverage
for an LNG spill followed by ignition and
fire damage to structures and objects not
on the insured vessel. Whether this is in
fact any broader or more extensive than
the coverage under the normal rules for
damage to fixed and floating objects is
problematical. The- West of England P § [
Ciub, on the other hand, includes pellution
liability in its basic coverage (Zee Rules
15(1)E and 20{e)}).
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PORT RISK INSURANCE

To the extent that vessels are not in
navigation, but are laid up with no crews
oT only a skeleton crew or a shipkeeper,
it becomes expensive to pay for hull and
P & 1 insurance. If the lapse is of long
encugh duration, most owners will cancel
their hull policies and withdraw their
entry in their P § I Club and substitute
port risk insurance. Mortgagees and other
secured parties have an interest in making
sure they are included in this coverage and
that it is adequate to protect their interest
in the security. There have been several
instances already where LNG carriers have
bteen completed but either the ligquefac-
tion facility or the receiving terminal
was not functional. Since they are special
purpeose ships and there was no appreciable
spot market for LNG, these vessels were
idled. Circumstances like this will usually
dictate switching to port risk insurance.

AMERICAN WATER QUALITY INSURANCE SYNDICATE

Prior to June 1, 1976, the Water Quality
Insurance Syndicate (WQIS) which was designed
to insure liability of shipowners and
operators under the U.5. Federal Water Pol-
lution Control Act as amended by the 1970
and 1972 amendments, extended its coverage
only to the cost of cleaning up or removing
spills of oil or hazardous polluting
substances. This cost was either incurred
by the ship operator directly or was paid
as an indemnity to the federal government
for its costs of clean up. As of June 1,
19765 the WQIS expanded its coverage to in-
¢lude liability to third parties for damage
to property arising from pollution. (Letter
from R.5. Lagattolla, Manager, WQIS, to
author dated July 22, 1976). Since LNG
has not been designated by the Water Quality
Administrator as a hazardous substance, the
Federal Water Pollution Control Act does
not apply to such a spill. On the other
hand, a spill of LNG certainly could
produce property damage for third parties.
Strictly speaking, however, it does not
seem that ING {s a pollutant as its damaging
characteristics result from its flammability,
not from its polluting character (which is
virtuzlly non-existent). Thus, it scems
unlikely that the expanded coverage would
extend to damage or injuries caused by
ignition of an LNG plume or poecl.
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regulation by the
Federal Power
Commission

The Federal Power Commission is a legis-
latively created agency deriving its author-
ity from the Natural Gas Act of 1938.

{15 U.S.C. B8 717 et. seq. (1970)). Its
general purpose is to oversee the rates
charged for interstate sales of natural gas,
to prevent abuses in rate structure and in
accessability for interstate pipelines

used for the transportation of natural gas,
and to exercise some control over the ex-
port and import of natural gas. Since
liquefied natural gas transportation was

not envisioned by Congress when it enacted
this legislation, the potentially burgeoning
importation of LNG from Alaska and abroad
raises some interesting questions of
statutory construction. 8§ 1 of the Natural
Gas Act defines the Commission's jurisdiction
and creates exceptions thereto, to be
discussed hereinafter. § 4 (Id. B 717{c))
deals with the rates charged which are
required to be "just and veasonable"., § 7
(Id. § 717(£)) is the so-called certification
section. The key phrases of this section
provide that no one:

"shall engage in the transportation
or sale of natural gas, subject to
the jurisdiction of the (ommission,
or undertake the construction or
extension of any facilities there-
fore, or acquire or operate any
such facilities . . . unless there
is in force with respect to such
natural gas company a certificate
of public convenience and necessity
issued by the Commishion authorizing
such acts or operations. . .."

(Id. 8 717£(c)).

Elsewhere in the section it is provided that
such a certificate shall be issued:

"if it is found that the applicant
is able and willing properly to

do acts and to perform the service
proposed and to conform to the
provisions of this chapter and

the requirements, rules, and
regulations of the Commission
thereunder, and that the proposed
service, sale, operation, comstruc-
tion, extension, or acquisition,
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to the extent autherized by thoe
certificate, is or will be required
by the present or future public
convenience and necessity. s

(rd. B 7176(e)).

8 3 of the Act speaks to the exportation
or importation of natural gas from a foreign
country and makes such activity subject to
the Commission's authorizing it to do se
in a formal Commission order. The statute
provides that the Commission:

""'shatl issue such order upon ap-
plication unless, after opportunity
for hearing, it finds that the
proposed exportation or impertation
will not be consistent with the
public interest. The Commission
may by its order grant such
application, in whole or in

part, with such modification

and upon such terms and con-
ditions as the Commission may

find necessary or appropriate .

(Id. 8 717).

While it is true that some volume of natural
gas is ligquefied and exported as LNG from
Cook Inlet (Kkenai Peninsula) area of Alaska
to Japan and that miniscule amounts of
nztural gas arc piped into Mexice from the
United States, future projections indicate
that LNG will be entering the Unitad States
as an import and the implications of § 3
approval must be considered in that context.

8 3 APPROVAL OF IMPORTS

In the oft-cited decision of Border
Pipeline Co. ». FPC, 171 F.2d 149 (D.C.
Cir. 1948), the issue was whether the FPC
had § 7 certification jurisdiction over
& gas pipeline in Texas which sold gas at
its terminus to an industrial consumer who
In turn transportated it to Mexico by
pipeline.  The Texas pipeline utilized gas
produced in Texas which had not been co-
mingled with gas from any other state and
the consumer transported the gas directly
from Texas to Mexico. The court felt that
foreign commerce was not to be confused
with interstate commerce and that foreign
expert was only mentioned in 8 3 which
merely required a Commission order anthor-
izing the export. Border Pipeline Company
already had such authorization and it was
held that it could not additionally be
ferced to go through a § 7 certification
provedure.

In iHsirdgas Cerp. v, FEC, 495 F.2d 1057
(0.0 Cir. 1974}, discussed in Chapter ITI,
The Kole of the FpC, sulira, the same court
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had occusion to reconsider the rele of the
FPC with repard to an LNG import terminal.
Although the court declined to overrule the
Border Pipeline decision, and confined FPC
jurisdiction over such an operation te that
conferred by § 3 of the Act, it did substan-
tially broaden the FPC's powers. In effect,
8 3 orders as they may be conditioned, are
now tantamount to a plenary investigation
under § 7. The operative words have remained
“"consistency with the public interest™ instead
of the § 7 language of "public convenience
and necessity", but extensive documentation
and protracted hearings can be expected.

In addition to the environmental impact
concerns and safety features discussed in
Chapter 111 supra, there appear to be at

least four and pussibly five other factors
the Commission will scrutinize.

High on the list, of course, will be the
need for the gas. Any system of projections
of demand versus supply must be treated with
econcmic objectivity. Will the perceived
future demand be generated from new consumers?
Will it be due either to a growth or redis-
tribution of population or through industrial
growth? Wili the projected future demand be
caused by a shift toward ''cleaner" or pos~
sibly cheaper energy sources? Can additions
to proven rescrves he demonstrated to be
large enough to justify long-term contracts
and the capital costs involved in high
pressure pipelines, storage facilities, ete.?
What impact will exhortations to conserve
energy have? A correlative concern is how
the applicant ING terminal or its inmediate
customer, the natural gas wholesaler or
pipeline company, plans to allocate the gas
vaportzed from the ING received at the
terminal. Will it he strictly intrastate
or will it service interstate customers or
some combination of the two? Will its
impact be relatively localized (e.7., two
or three coastal states) or will it have
regional impact (e.5., the southeastern
United States), or will it have national
impact through displacement sales, long
distance transmission lines, ete.? Specific
Plans for allocating the imported LNG and
some measure of the impact of the allocation
plan must be produced and evaluated.

In addition to allocation gencrally, the
question of priovities nust he investigated,
Particularly with regard ro interruptable
service and curtailments, That the Federal
Power Commission has Jurisdiction over cur-
tailments has now been estgblished, even
when curtailments involves direct sales to
users rauther than sales for resale, Seeg

FPCT g, Lowiadan: I v oA Ligzht To., 406
LS. 621 (1972) cormgniad on Note 61 GEQ.L.J.
833 (1973).



Sipce LG terminals are so expensive,
they are sometimes owned as joint ventures
between 1wo OF more corpeorations.  Frequently
the corporations are pipeline companies
or natural gus distribution companies. 'Thus
it is possible that there would be untitrust
implications both from the standpoint of
acquisition of asscts under § 7 of the
Clayton Act and, possibly, conspiratortal
agreements in restraint of trade in viela-
tion of § | of the Sherman Act. The Supreme
Court in (uif Stwtes Gtilittes Co. v. FIC,
411 U,%. 747 (1973} (6-3) held that the
Commission must consider the potential
anticompetitive consequences of a proposed
bond issue under § 204 of the Federal Power
Act. (16 US.C.A. 8 824cia)). The FPC had
carlier denied some municipalities® (inter-
venors) requests for a hearing on the
grounds that the bond issue revenue would
be used to finsnce anti-competitive activi-
ties. Thus the FPC is charged with 'con-
sidering" the anti-competitive implications
of preposals, requests for orders and
applications for certification. (See alse,
tainanille Utilities Sept. v. Florida

Hower Corp., 40 FPC 1227 (Docket No. 68/550]].

The earlier case of faliformia v. FPO,

369 U.S. 482 (1962) (5-2) is somewhat
difficult to reconcile with Gui] Siates.

In the former case, the Department of Justice
caommenced an antitrust action against

two pipeling companies, alleging violations
of Clayton § 7. Meanwhile, there was a
certification proceeding pending before

the FPC under E 7 of the Matural Gas Act

for the acquisition of jurisdictional assets.
A stay in the federal court action hased

on primary jurisdiction was obtained and
the FPC eventually authorized the mcrger.
The Court of Appeals then approved the FPU's
authorization and the case went before the
U.5. Supreme Court. The Court held that

the FPC should not have proceeded in the
fact of the pending antitrust suit and,

even though the Clayton Act by its own

terms excludes '""transactions duly consumated
pursuant to authority given by the Federal
Power Commission .15 u.s.c. B o183,
the Commission could not preemptively deter-
mine antitrust issues. (Califormiaz v.

FrP7, supru at 489-450). Thus it would
seem that while the FPC may not ignore
antitrust issues on the one hand, it may
not proceed to determine them in the face
of a pending antitrust actiom in the federal
courts. This may be nothing more than a
common sense resolution of the problem.

It ensures that antitrust issues will be
considered and that if the Department of
Justice or a private litigant feels that
specific vielations are occurring or will
oceur, it need not intervene in the agency
proceeding, but may institute a statutory

antitrust actlion.

Another factor considered by the Commission
is the economic feasibility of the proposed
operation, Does the applicant have the
capital respurces to finance the proposed
activity? Or can it successfully enter the
money market to obtain them? To some extent,
the longevity of the company, its experience
in the same or rcliated operations, its
solvency, its debt structure, its projected
amortization of the LNG facilities are all
relevant to this determination. Ultimately
aspects of these issues wili also crop up
in approval of tariffs, The FPC recently
turned down a request by Distrigas of
Massachusetts te exclude its depreciation
reserves that had accrued up to December 31,
1975. The corporation had been in a loss
positien since its imception. No deprecia-
tion expense had heen recouped from the
ratc paycers. The FPC felt that past losses
ought not to be made up in present or future
rates. {See Cas Industries, June 1976.)

Finally, there is the touchy guestion of

whether the FPC can consider non-jurisdic-
tional alternatives to the proposed energy
import (see discussion with regard to
cnvironmental impact statement in Chapter
111, Preparation of Envircenmental Impact
Statement, supra). Examples of this would
be synthetic gas, generated from coal, and
gas from the methane-methanol-methane con-
verson process. The importation and conver-
sion of such fuels as methanol is outside
the jurisdiction of the FPC. (Statement of
Richard L. Dunham, Chairman FPC, before the
Jeint Hearing oF the e Thtess on
Tnterior and Ineulur Arfairs and Cormaerce
pursuant to S.Bes. 45 {The National Fuels
and Energy Policy Study} 94th Cong., 2d
sess. Ser. $4-29, Pt. 1 ar 11 (1976). See
Joint Bearings Lefore Sewnate Cormi :
o Cormmerae and Trtericr avd D k
on §. 25180, 2778, £350, awnd 3187, 94th
Cong., 2d sess., ser. 94-72 (Commerce) Pt.
3 at 1835 (1976).

The methanol alternative has heen the
subject of an economic cross-comparison
study by Boaz-Allen Applied Research (2ee
"An Analysis of LNG Marine Transportation”
(COM-74-11684, Nov. 1873)). The study
proceeded by comparing the cost at each
step of ths way from the producing foreign
wgll to the U.5. import terminal or conver-
sion station. There are variables which
make the comparison difficult such as the
length of pipeline from well to seaport
(natural gas pipeline for LNG is more ex-
pensive per mile than a methanol pipeline),
and the cost of natural gas at the wellhead.
The idea of the methanel conversion is to
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convert the natural gas to methanol close
to where it is produced, then pipe it to a
port and load it on a conventional bulk
liquid tanker for transport to the United
States, then reconvert it to a form of
matural gas. The cost of the marine leg of
the transportation cycle varies with dis-
tance with the methanol tankers being sub-
stantially cheaper than LNG carriers.
Although for short distances methanol car-
riers with restricted drafts (LNG carriers
are being desipned with drafts of thirty-
six to forty feet) would be less economical,
over the long distances (more representative
of sources in Iran and Indonesia} the
methanol carriers are cheaper (74, at
VIII-18 to VIII-25). However, the Booz-
Allen study concedes that cost estimates

are not entirely credible for methanol since
the conversion technology lags considerably
behind the LNG techmology and there is
uncertainty whether data from pilot plant
runs can be extrapolated to the large

scale required of such projects. Moreover,
the foreign capital investment is higher
for methancl land-based facilities than

for LNG {where a relatively more substantial
proportion of the cost is in the ocean
transpertation 1ink). Moreover, methanol
plants require between 1 and 2 1/2 biliion
gallens of water per year compared ro LNG
liquefaction which requires virtually no
fresh water and this could be a serious
problem in middie eastern countries (Id.

at VIIT-26). Whether and to what extent
then, it is possible to make valid compari-
sons remains in doubt.

B 7 CERTIFICATION AND B 4 APPROVAL OF RATES
JURISDICTIONAL ISSUES
Production and Gathering

The Alaska natural gas production creates
a situation which raises several interesting
jurisdictional issues. To the extent that
the gas is sold and sent to the lower forty-
eight states, the sale by an Alaskan pro-
ducer would be a "sale for reszle"” in
interstate commerce. (15 U.5.C. § 717(b)
(1970)). B 1(b) of the Natural Cas Act
has an exemption, however, for the "produc-
tion or gathering" of natural gas, (Id.
# 717(b)). Marathon and Phillips 0il Co.
have producing fields in Alaska's Kenai
Peninsula. They jointly own a twenty inch-
diameter eighteen mile-long line from
Marathen's field. Phillips uses a combina-
tion undersea-overland line that runs for
forty-five miles from its Cook Inlet offshore
field. Both lincs eventually arrive at a
liquefaction plant owned by Kenai LNG
Corporation, which is jointly owned by
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Marathon, Phillips and Phillips' retirement
incone plan trustee. (FPC Opinien No. 735
dated June 23, 197% in Docket Nos. CI74-537
and 538 at 4-5). Certain sales are made

te industrial users in the vicinity of

the LNG plant and Marathon delivers a small
volume of ges to the city of Kenai and the
Alaska Pipeline Co. for resale, Phillips

also makes onc sale upstream of the liquefac-
tion plant. The gas from both producing
fields is of pipeline guality after passing
through dehydrators at the fields. Sufficient
field pressure exists that no compression

is needed for transmission to the liquefaction
plant. The vast bulk of the gas then arrives
at the liquefaction plant and is eventually
transported in LNG tankers (Initial Decision
Docket Nos. CI74-537 and 538 at 17-18}.

Marathon and Phillips contended that they
were entitled to the production and gathering
exemption for their pipelines behind the
liquefaction facility. The FPC on the other
hand, took the positien that the pipeline
was a transmission factlity since the gas
was already of pipeline quality as evidenced
by the fact of the sales to Alaska customers.
The producers countered that these sales
were incidental and were not the "primary
purpose" of the pipeline and that they were
analogous to "tailgate sales" behind the
plant which could be disregarded. They con-
tended, with considerable credibility that
the lecal market could not begin to absorh
the production and since no pipelines were
in existence to the lower fortv-eight states
where the demand was, the liquefaction
plant was tantamount te a production
facility (see Southevrn Union Gathering Co.,
47 FPC 1177 (1972) discussing the “primary
function" test when interpreting the
"production and gathering” exemption of )
15 U.5.€C. 8 717(b) (1970); see also, imited
tas Irprovement Co. v. Continental 01l Co.,
381 U8, 392, 4062 (19653). In Phillips
FPetrolewn Compenny, 10 FPC 246 {1951) rev.d
on other grounds, sub. nom. Phillips Petro-
lewn Co. w, Wisconein, 347 U.S. 672 (1954)
the Commission said "processing may include
operations undertaken to make the gas
salable. JMO(Fd. at 277). It certainly
can be argued that gas that cannot be de-
livered to a user has no market and there-
fore is not salable. If the gas can only
be trunsported by sea and therefore must be
liquefied, the liquefaction plant would
seem to be a "processing' facility withins
the production cxemption, The Federal Power
Commission in its decision on Phase @ of the
Marathon Oil1/Phillips Petvoleum Co. hearing
concerning the transport of LNG to Newport,
Oregon, from Nikiski, Alaska rejected this
contention and held that the pipelines
required 7 certification. The Commissioners



touk the position that the gas was of
"pipeiine quality" once dehydrated in the
field and that the large diameter lines
were not for gathering (i.e., for most of
their length, no tributary lines joined
them) and tock the position that ligquefac-
tion was not "traditional processing”.”

The Commission did sav that certification

for the LNG plant and the field-to-plant

line would not taint the companies respective
eligibilities for independent producer
status. [Docket Nos. (I-74-537 and 538
Opinion No. 735 at 12-13).

The Commission went on to hold, under-
standably, that sale by the producers
at the LNG terminal was a sale in inter-
state commerce and was therefore subject
to repulation (7d. at 10-14). The Commission
recognized that it would have jurisdiction
over the wellhead prices of the gas, but
since no wellhead sale was contemplated in
the LNG transactions, it was content with
approving the FOB Nikiski prices of the LNG
under § 4. The Commission made it clear
however, that the cost of production at
the wellhead would ke an element which would
have to be documented and which would be
an influential factor in the Commission's
appraisal of the LNG price.

The ocean transportation leg of the cycle
is an area where the Commission declined
jurisdiction, Although the LNG carriers
would briefly be transiting state waters
and would do their loading and discharging
in state waters, the Natural Gas Act pro-
vides that interstate commerce 1s jurisdic-
tional "only insofar as such commerce takes
Elace within the United States' (15 U.5.C.

717(a}7 (1970}). It was felt that the
overwhelming partion of the trip was on
the high seas and the Commission held that
mere entrance into a port would not alrer
the non-jurisdictional nature of the vessels '
operations. (Id. at 31). COF, Seatrain
Lines v, United States, 152 F.Supp. 619
(D. Del.} aff'd 355 U.S. 181 (1957) (exemp-
tion of oil tanker from regulation under
Interstate Commerce Act § 303(e)).

* In certain mid-west gas fields there is
a relatively high content of entrained
helium. Since federal law requires the
conservation and extraction of helium

(50 U.5.C. B8 167-167n (1970)}and since
it can only be extracted by z distillation
process, the "traditional" processing in
such fields does involve liquefaction.

This exemption is found in ) 1{c) of the
Act tid. 717{c)) which exempts persons
and faciiities which receive natural gas
"within or at the boundary of a state if all
the natural gas so received is ultimately con-
sumed within such state. .." provided that
the rates and service are subject to state
regulation. Again referring to the proposed
Alaska/Orcgon trade route, the purchaser of
the ING, Northwest Watural Gas, was planning
on buying it FOB Alaska and transporting 1t
an its LNG carrier to jts terminal at Newport,
Oregon. The Commission held that this woulid
not satisfy the receipt-within-the-state
requirement. of the Hinshaw exemption. It
rejected arguments that the gas would not be
physically in the company's storage until it
reached Oregon and that the LNG would not
he returned to "natural" gas form until it
was revaporized. The Commission was impress-
ed by the fact that risk of lass and title
to the gas passed in Alaska, far beyond the
Oregon boundaries, The Commission suggested,
however, that if another entity owned the
tanker and purchased the gas for resale and
delivery to Northwest Natural Gas in Oregon
the exemption would remain intact. The
Commission was not concerned that the "other
person" which would purchase the gas in
Alaska, tramsport it and Tesell it to North-
west in Oregon might be a subsidiary of
Northwest Natural Gas (Commission Opinion
No. 735 in Docket Nos. CI-74-537 and 538
issued June 23, 1975 at 17). Of course, the
subsidiary would have to have its sale price
approved since it would be selling for resale
in interstate commerce, but 8 7 certification
of the subsidiary's LNG carrier and North-
west Natural's storage and vaporization
plant would not be required (Id.}.

Meplacement Salee

There are scveral ways in which an ostensi-
bly intrastate sale may have the effect of
selling in interstate commerce and therefore
cause an import terminal’s facilities to
become jurisdictional. Tf a lomg-distance
transmission pipeline which transports gas
in interstate commerce were to terminate in
the same state 4s an import terminal and the
import terminal, after vaporizing its gas,
piped it to the interstate pipeline, this
would be deemed a "displacement sale.

This would be so even though the gas would be
input and eventually delivered and consumed
in the same state. It is argued that as a
result of supplying gas to satisfy the con-
tractual commitments of the pipeline to
customers in that state, the pipeline has to
deliver less gas to the end of the pipeline
and can in fact sell more to customers in
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other states upstream of the ING terminal's
input pipe. So long as the interstate
pipeline connection exists, input to the
pipeline has the advantage of spreading

the benefits of LNG imports beyond the im-
mediate coastal area. Since displacement
sales are deemed to affect interstate com-
merce they will invoke § 7 jurisdiction.

Another possihble way to have a displace-
ment sale would be for the import terminal
to sell directly to an in-state customer
whe is under contract to buy its supply
from an interstate pipeline. The customer
could pay the pipeline and the pipeline
would pay the terminal. Since its obligation
te its customers was fulfilled by the
terminal, the pipeline operator would have
an equivalent amount of excess gas which it
could deliver to existing customers (or
sell to new customers) in other states.
Although the high cost of duplicating pipe-
line routes and the complexity of the pay-
ment scheme make this type of displacement
sale less likely, there secms no Teason
why it should net similarly invoke the
Commission's jurisdiction. Still another
possibility is if a terminal's intrastate
customer were located close to an interstate
pipeline as was the terminal, but the
customer and the terminal were not close
to each other, the customer might buy its
gas from the terminal and pay the terminal,
but actuslly take delivery from an inter-
state pipeline. Then, the terminal would
have to ''repay" the pipeline hy inputing
an equivalent amount of gas into the inter-
state pipeline so the latter could service
its downstream customers.

Finally the terminal could deliver vapor-
ized gas in-state to an eatity, A, a
customer of an interstate pipeline.  As
a result of this delivery, say of quantity
x, the pipeline would be able to sell the
contract amount (b} plus x to another
of its customers, B, and would not deliver
x to A. Then B would pay the terminal
the price of x and A would pay the pipeline
its normal charges for x.

Contents of € 7 Application

The Code of Federal Regulations (18 C.F.R.
§ 157.13 and .14 (1975)) specifies the
exhibits which are required to be attached
to an applivation for B 7 certification.
Environmental factors are required to be
analyzed in terms of impacts, alternatives,
and irreversible and irretricvable commit-
ments of resources. Flow diagrams, data
and technical specifications for proposed
machinery and equipment must be disclosed.
Lists and breakdewns of projected customers

by name, locality and type of service (firm
industrial, interruptable industrial,
residential space heating, commercial space
heating, etc.) is required along with a
designation of whether they will be served
at retail or wholesale. Total past and
expected curtailments of service by the
applicant, and each customer receiving new
or additional supplies must be identified.

As might be expected, various decuments
disclosing the corporate and financial
status of the applicant are required, as
is a geographic locatien and identification
of the prospective facility. Financial
considerations require detailed support
including a "detailed description of ap-
plicant’s ovutstanding and propesed securities
and liahilities. interest or dividend
rate, dates of issue and maturity, loading
privileges and principal terms and condi-
tions. . .." The method of marketing
securities must alse be described, along
with a statement of anticipated cash flow,
including cash flow during the construction
period and the schedule for retirement of
outstanding debt security. A proposed
tariff showing changes over the prescnt
tariff with supporting data showing system
cost-of-service for the first year of opcra-
tion, and allocation of cost to each service
classification and the basis thercfore, the
proposed rate base and rate of return,
operat ing expenses segregated by functional
accounts, deprectation and depletion
allowances and taxes estimated must also
be submitted. At hearings on the application
dircct testimony is usually submitted
in written farm and then the witnesses are
made available for cross-examination.

MJUST AND REASONABLE™ RATES

It would avail the Commission litrtle to
stop at fixing a profit rate for a distribut-
ing company or for a sale-for-resale-in-inter-
state-commerce company, because consumer
prices could still rise if the 'raw materials"
cost increased due to increases in wellhead
price. Thus the Commission will examine
wellhead prices where the sale is at the
wellhead or at least will examine wellhead
costs where that becomes a component of the
eventual price of first sale in interstate
commerce. There are threc pricing schemes
which have been under extensive discussion
and debate for regulated or partially
regulated natural gas prices. Since gas
produced from vaporized LNG will be sub-
stantially more cxpensive than existing
regulated gas, the most important discussions
center around incremental pricing versus
"rolled-in'" pricing.



e the name implies, inoremental priving
would allow o pricve structure for cach
separate souarce of gas oand 1 gas produced
from LA wias moch more capensive, it woald
carey g price tag” that would reflect the
tatal vests an its Jdelivery ta the customer.

Under o rolled-in price svheme, on the other

hand, if 23% of the gas consumesd i the
cennt ey were from LNG dmports, a single
priving structure could be employed amd
spread over all gas consumed.  Thus white
the price would go up, it would he borne

hy all customers equakbly and users would net
be conscivas of more than a modest price
inerease because the true cost would be
rolled-in or diluted with the lower cost
repgulated gas,

Persons concerned with energy conservie-
tion apd persons skeptical of capital-inten-
stve investments tied to foreign resources
would srgue that incremental pricing should
be used o that only thuse Acw customers
or customers desiring additional gas whoe
were willing to pay the full costs, would
usce the ING-derived gas.  When the true
costs were perveived, it is felt that fewer
costomers would demand the extra increment
of gas comsumption. Thus LNG projects
would either die aborning or he more limited
in extent. Those who argue For rolled-in
pricing say rhat if it were not tor the
artiticial supression of price dov to
regnlatery edivt, the prices of domestic
gis would be higher anyway. They alsa
contend that the overall demand can be met
in u more palatable way 1 o single price
can be set for pas regardless of 1S source.
Peoponents of rolled-in pricing argue that
in times of shortage or inadegquate supply,
fair allocation would require a4 lower rather
than a higher price for additional incre-
ments so that those most in necd of gas
could afford it and it would not become
an exclusive perogative of affluent persons
or persons who could pass the cost alung
to their customers. (i Statewent of
Hobert Nathan made during FEA hearing
reported in Gas Industries (lune, 1976} ).
Of vourse, using such words as "need'" and
"inadequate” to some cxtent begs the issue.
It also ignores the fact that non-curtail-
ment policies for residential consumers
to a very large degree protect those who
are already enjoying gas service.

In order for incremental pricing to
have an impact as an 1ncentive to conserve
fuel, the pricing structure must be carried
through consistently, "down to the burner
tip." If someone in the distributional
thain ahead of the ultimate consumer is
able to employ rolled-in pricing, the impact
will be greatly diminished. Moreover, if

nsers o are willing to poyomore tooget o an
enbarged sapply, many cconomists feel that
this “cconomie rentt shonld e captured by
U8, producers as o meins of capitalizing
more intensive exploration costs and thus
furthering the priccipies of national energy
independence. lnerement il pricving or Jde-
regulat ion of Mfaew™ dopestic natoral o gax
world have this cflect, but ol lowing rolied-
in priving of LAG imperts at presently
projected quantitics woitld not materially
alter the present sitoation.  In short,

such arguments contend that IXG import
pricing polivies conld lead to dependence

on foretgn gas as a relatively painless
crutch and capital would not he attracted

to gas expleration in the United States
above the present, inadequate, levels.

"

A third method of pricing [not necessarily
mutually cxvlusivel is the =o-called Vpeak
toad” pricing. This too is a conservation
griented scheme, but it conld equally well
he desceribed as puying—thv—truo—uoﬁt-of—
variable-demand. In point of faet, much
ecacrgy consumption is voncentrited at certain
times of the day or certain secasons of the
year. In order tu supply the needs of these
peak times, generution capacity and fuel
supply facilities must be so large that they
stand idle in times of lesser demand.  Since
overcapacity is expensive and is to some
cxtent an inetficient allocation of resources
and vapital, peak load pricing would apply
premium or surcharge rates to users who
wished to have their supply arrive doring
"peak™ times.  The feeling is that industrial
operations would either reschedule their
needs for periods during the middle of the
night or ather times of lower demand in
order to qualify for o lower price per BTU,
or else would puy 2 premium and pass the
prices along to their vustomers thus more
accurately allocating the costs of having
the reserve capacity.

There are numerous difficulties in
developing a warkahle peak-touad pricing
theory. One problem is that the “peak' may
be price-sensitive and rhus will shift in
a responsive fashion and thus no longer lend
itself to deterministic analysis. Joint
cost problems become quite sophisticated as
heterogenceous production capability {e.x.,
base load on hydro, intermediate load on
coal, ond peak leads on natural gas) is
introduced. Curtailment or rationing costs
(an aspect of capacity cost) add further
complexity. Identifications of the actual
timing and duration of peak demand has not
been adequately incorporated in most theories.
Finally, the practical aspects of metering
to support varlable price turiffs supgest that
hardware ¢osts may cxceed henefits. (fJee
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Symposium on Peak Load Pricing, 7 BELL J.
ECON. 197-248 {1%976}).

Some utilities in investigating the
most appropriate allocation of overhead
and stand-by capacity costs for developing
cost-of-service tariffs have found that
residential customers may have been
subsidized by industrial customers. (Inter-
view with Hareld Grobe, Superintendent Gas
Supply & Communications, Northwest Natural
Gas Co., October 18, 1976).

On the other hand, it has been argued
that allocating fixed (capital) costs
equally between variable demand (peak load)
city-gate (buying for resale to residential
users) custemers and high volume, level
demand customers (sub-pipelines and indus-
trial users) subsidizes industrial consump-
tien in times of chrenic curtailment.

(See Congolidated Gas Swpply Corp. v. FPC,
520 F.2d 1176, 1180, 1186 (D.C. Cir. 1975}.
The FPC has, as a result of such an argument
reallocated fixed costs 75% to commodity
{(velumetric) use and only 25% to demand
{(peak capacity) use.
This reallocation was affirmed on appeal
(Consclidated Gae, supra). Intervenors

had argued that setting rates to jurisdic-
tional customers ought not to involve
efforts to discourage industrial users

from using natural gas. Although this
argument impressed the administrative law
judge, the Commission rejected it, saying

in "the exigencies of present circumstances
. {such a purpose and result would bel
in the national interest." (50 F.P.C. at
1355-56). Since the District of Columhia
Circuit court found independent support

in the recerd for the Commission's realleca-
tion, it did not rule on the validity of
the intervenors' arguments or the FPC's
response thereto,

Scme intervenor-purchasers had built
storage facilities to handle their customers
peak demand while still presenting a level
demand to their supplier. They urged that
their construction of these expensive
facilities (some of which could have been
LNG plants) estopped the FPC from allocating
mare costs to them. The court, using the
not-arbitrary-or-unreasonable test of the
end results of the Commission's order
(FPC v. Hope Natural Gas Co., 320 U.S. 591
(1944)) rejected this argument and found
the reallocation reasonable. (Comseclidated
Gas, supra at 1188).

While peak loads would not be directly
effected by ING imports, LNG storage tanks
have played a role in "peak shaving”
especially when needs are scasonal. Tt is
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(50 F.P.C. 1348 (1973)).

possible in times of low consumer demand

to liquefy natural pgas, store it lecally

and revaporize it in the winter when resi-
dential heating needs increase. With a
level demand on the gas supplier, this could
result in a smaller supply facility capacity
than would otherwise be required and would
be a factor in keeping prices down.

Applicants for certification to develop
the natural gas on the north slope of Alaska
have proposed an "all events™ tariff for
selling their gas. A similar tariff was
approved in Docket CP71-68 on behalf of
Columbia LNG Corporation. Fssentially
such cost-of-service tariffs allow investors
to be assured that unforseen construction
costs and guaranteed debt service (interest
in sinking fund obligations) will be covered
by some guaranteed margin. Thus for example,
a tariff might be set at a fleating factor
of 1.25 times these costs. Another possible
financing device might be to use a customer
surcharge to generate money ahead of time
for the construction costs. To the extent
that existing users could avoid curtailment
or could cxpect to be ¢ntitled to increased
usage, the savings in capital costs (whether
they be debt or equity) ultimately reflected
in future sales prices might be sufficiently
great to make the additional advance cost
to the customers attractive. [Testimony of
Anthony Jiorle, Docket No. {P75-96 (E! Paso
Alaska Co., et al) appended to statement of
Richard .. Dunham, Chairman FPC, before the
Committee on Commerce and the Committee on
Interior and Insular Affairs of the U.S.
Senate, February 17, 1976, at 113-119 and
156-158) .



political, nationai
security and
diplomatic problems

"PROJECT INDEPENDENCE"

Presently the head of the Federal Energy
Amdinistration is also the Chairperson of
the Energy Resources Council. The Council is
charged with producing a task force report
evaluating the various proposals to import
ING (see Chapter T, The Presidents Message
of February 26, 1876 ard the Cnergy Resources
Council Task Force supra). The FEA apparently
uses a 30:1 ratio between proven recoverable
reserves and gas production. This assumes
85% convertability. "Convertability" is a
measure of the ability to extract the gas
compared to the total amount of gas in the
ground. After ten or more years, the inherent
pressure of a gas field begins to drop and
extracting the last portion of the gas from
the gas field is often economically unfeasible.
Moreover, exploration and development costs
frequently have to be amortized over at
least twenty years. For these reasons the
30:1 ratio, although higher than used by
some forecasters, appears to be justifiable.
As the result of this ratio, among other
factors, it is reported that the FEA thinks
it is not totally unlikely that five TCF of
natural gas may be demanded from foreipgn
imports by the year 1985.

The notion of national independence of
energy supply, which arose out of the OPEC
hoycott and the program name '"Project Inde-
pendence” are directed at making the United
States more self-sufficient in terms of
its energy resgurces. This cbjective can
be accomplished by efforts in at least four
areas. Producers can be encouraged through
economic incentives such as deregulation of
natural gas prices to devote greater cffort
to exploration and thus to find more energy
resources which are economically feasible to
extract. Second, research can continue on
alternative fuels and synthetic fuels.
Third, existing energy-using equipment can
be refined in the engineering sense to
make it more efficient and alternative ways
of performing the work presently done by
fossi]l fuels can be found, e.7., solar energy
for space heating and for heating hot water.
Finally, wide-spread campaigns can be under-
taken to encourage and accomplish energy
conservation,

109



The Federal Energy Administrution pro-
duced a4 cvomprehensive economic model, as
part of its Prejcet independence Report,
to evaluate current and prejected energy
situations over the period of 1973-1985% in
the United States. The report projects
that the United States will continuc to be
heavily dependent on foreign imports of
oil in the year 1%85. An elastic supply
curve was postulated and projections were
based on prices of §4, $7, and $11 per
parrel of crude oil stated in 1973 dollirs,
The FEA model has been critieized for
assuming nonassociated natural gas produc-
tion is sensitive to foreign oil prices.
0il prices and gas prices in turn are
related to projected drilling rates.  These
were input as exogenous factors independent
of price. Drilling rates used were es-
sentially those given by the National
Petroleum Council. One critic contends
this leads to a clear downward bias in the
projected production of nonassociated gas.
fHausman, Preject Independence feport: An
Avpriasal of U.5. Energy ¥eeds up to 1985,
& BELL J.ECON. 517, 530 (1975)). He points
out that since the report assumes that
drilling will increase at the rate of 5%

4 year this has to be independent of price.
In 1873 and 1974 the average increasc in
drilling was around 25% indicating a strong
price correlation (Id. at 531).

Professor Hausman is also critical of
the FEA’s madel which suggests that in the
hiousehold and commercial sector natural
gas and coul are complements of residual
and distillate fuels rather than substitutes
for them. He attributes error in part
to the gaps in the data base resulting from
nonequilibrium markets {due to shortages
induced by FPC price regulation) and to
distortions in data resulting from the
general nenavatlability of gas followed
by a sudden incrcase in supply attributable
to completion of a new interstate pipeline
{i4. at 543). He is also critical of the
model's fuilure to achleve "BTIF equilibrium”,
that is under a deregulation assumption
‘phased deregulation is assumed in the
project Independence Report) prices of
alternative cnergy sources should he close
enough to parity that each would be a perfect
substitute tor the other. Lven allowing
for complications, Hausman contends the
large disparities between projected fuel
prices suggest the medel may be unreliable
fid. at 515). Presumably the eclements of
the FEA study will be refined and improved
in the course of the Fnergy Resources
Council's Task Force Report on Impertation
of LN [e: Chapter [, ING Carrier lleel
Project ion sufrdl
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The reasons For scekimy cpergy indepen-
dence ure multi -faveted.  Obviously, wmilitary
vulnerabi ity and national defenze are
important factors. Foreign vschange drains
and balance of payments considerations ver-
tainly are a substantial factor. [lolicies
of foreign aid and development ot less
developed countries are factors and poli-
tically triggered acts of foreign countries
such as nationalization, expropriation,
and boycotts by producer cartels are also
of major importance.

The Federal Power Commission routinely
routes propesals for LKG imports to the
Department of Defensc and the Department
of State. This is deonc pursuant to Exccutive
Order 10,485 (Sept. 3, 1953, 18 Fed. Reg.
5397) issued pursuant to the Defense
Production Act of 1950 (50 U.5.C. § 2061
ct. seq. (1970)). This order requires that
the Secretary of State and Secretary of
Defense make favorable recommendations on
any application pending before the FPC for
such an import or export. In the case of
disagreement between the FPC and the two
Secretaries, the application must be
submitted to the President for approval
or disupproval (J{d.). The Department of
Commerce, The Maritime Adminisiratien and
the tederul Fnergy Administration are also
advised of such applications. The following
sections will review two aspects of the
political debate over the importation of
LNG from foreipgn countries: the risks inherent
in foreign supply, and the impact of
deregulation of demestic gas prices.

RELIABILITY OF FOREIGN SUPPLILRS

Technical competency af the exporting
country's personncl amd the availabhility
of maintenance equipment and sparc parts
are major concerns when entering into
long-term supply contracts, and making
investments in capital-intensive sysTems.
It is reported thut SONATRACH's fourth
train compressor was "hiown' due to un
eperaticnal error. '"Trains™ in liquefaction
plants represcnt one complete throughput
process. tn w typical large plant there
are muitiple trains operating in parallel.
In the case of SONATRACH's plant at Skikda,
Algeria the fourth train would have produced
approximately 700,000 cubic meters of
ING per year. The compressor, a massive and
expensive piece nf equipment, was designed
and Built in Frusce and was being “broken-
in'' bv Algorian operators,  Apparently the
gperaters turned of the lubricating pump
at the same time 1hey turned of £ the power
producing torgue st the shaft of the compressor




Being a well-balanced machine with a good
deal of inertia ir normally would have
coasted to @ stop, but without circulsting
0il and with precision tolerances, metal-
to-metal contact occurred.  The resulting
thermal expansion ruined the journal bear-
ings reportedly causing the compressor to
destroy itself within two minutes. Being

a very expensive item, there was no spare"
on the premiscs.

Distrigas had eriginally entercd into a
supply contract with SONATRACH for the output
of the fourth train and had contracted with
French importers for any surplus the
French did not require from the third train.
As a rtesult of this breakdown, deliveries
were stopped for well over a year. Sub-
sequently Distrigas renegotiated its contract
to acquire rights in 25% of the comhined
cutput of trains one through four, regard-
less of which ones were running (interview
with Rod Twedell, Assistant Terminal Manager,
Distrigas of Massachusetts on June 15,

1576).

Notions of preventative maintenance,
a well-catalogued and readily accessible
inventory of spare parts, and the ability
to "contain™ small malfunctions and break-
downs before they jcopardize an entire
complex system, uare obviously attitudes
and skills that camnot be instantaneously
acquited. This is especially true when
a plant is delivercd on a "turnkey™ basis.
Despite painstaking operations manuals by
the manufacturers of the equipment and on-
site checkouts, some sort of ongoing
training program is obviously a necessity
for technical and supervisory personnel.
This is especially so if the exporting nation
is determined to staff the operation with
nationuls of no previous experience in the
ING industry. An additiomal concern arises
out of the fact that some natural gas com-
tains mercury and other corrosive contami-
nants. Considerable technical know-how is
needed to determine the exact constituents
and to operate the equipment to successfully
strain out undesirable contaminants in the
liquefaction process. If they are not
removed and the gas 1s ultimately used as
boiler fuel they can have damaging effects.
Other start up problems encountered at
Skikda included clogging of seawater intake
by beach sand, improper venting of lines
leading to the flare stack, high pressure
casing damage due to faulty operation of
the load control turbine blades, and leaks
in heat exchangers due to excessive gas
veleocities. ({(See generally, J. Dolle §
D. Gilbourne, "LNG: Start Up of the Skikda
LNG Plant", Chemical Engineering Progress
p. 39-43 (Jan. 1976)].

e v EPITAI T -
SJOLITIOAL URRRTATNT

The behavior of the OPEC {Urganization of
l'etroleum Fxporting Countries) group during
the recent crude oil hoycott must be foremost
in the fears of planncrs in the State Depart-
ment, Department of Defense and the Federal
Energy Administration. The OPEC countries
do not presently make any effort to control
liquefied natural gas production or export.
This may be because not cvery OPEC member
has natural gas fields. On the other hand,
it would not bhe surprising to see the
formation of a cartel among the countries
which can produce natural gas (OGEC?).

Among the Arab nations the ones who do have
natural gas, particularly Libya and Algeria,
seem to have more in common than the OPEC
countries generally. Also there would he
somewhat fewer members to such a cartel

and thus it would be thevretically easier
to police.

Iran has enormous reserves of asspciated
gas which it is presently flaring. As an
alternative it could reinject it into the
oil fields to maintain production pressure
and to "bank it" against the day when gas
prices may be higher and transportation
technology meore advanced. It could also
liquefy it and ship it as LNG, or it could
develop overland pipelines for sales to
Europe or Russia. China appears to have an
extensive gas field offshore in the Gulf
of Pohai on its northern coast. Tentative
negotiations arc undcrway to develop this
field with the ultimate goal of exporting
it for comsumption in Japan. Tran's ox-
porting consortium, known as KALINGAS, uses
gas from the Kangan field.

Fossible destinations of waterborn LNG
presently appear to be Japan, the United
States, and Belgium (Anderson & Daniels,
Crogg-Currents Buifet world LVG frade,
Chemical Engineering 87, 90 (March 1976)3.
Nigeria is discussing construction of two
LNG liquefaction complexes, Nigeria will
own 60% of the liquefaction facitities and
the necessary LKG tankers, with foreign
investors owiing the remaining 40% and
Paying Nigeriun taxes on revenues attributable
to the liquefaction facilities. Nigeria
has the advantage of being relatively close
to the east coast of the United States
and it did not participate in the OPEC crude
oil embargo of the United States. Further,
while there has been political unstability
in Nigeria, successive governments have
conspicuously left management in the oil
industry and the governmental burecaucracy
overseeing the oil industry intact {Inter-
view with Glen Rase, economist for State
Department's Office of Fuels and Energy on



June 17, 1976)

Indonesiz, which exports through 1ts
state trading company “Pertamina’ is
regarded as a relatrively stable country and
has a reputation of not interferring with
technical operations staffed by foreigners
or foreign trained technicians, Pertamina
itself, however, is believed to be having
financial difficulties. Japan is reputed
to be negotiating for an LNG project
with Malaysia and the state of Sarawak as
a result of the recent proving of reserves
in that area (Anderson § Daniels, supra
at 90).

The USSR has substantial proven reserves
of natural gas and LNG projects with the
United States would no doubt further detente,
at least so long as delivery schedules and
pricing remain mutually agreeable. One
such export project, the North Star Inter-
national, would require a 1600 mile gaseous-
state pipeline across permafrost. Ceonomic
studies show that the break-even point for
a natural gas pipeline (not requiring
the LNG cycle) is approximately 1200 miles
(Rase, interview, suppra).

The current political situation in
Libya and its poor performince in export
projects involving Ttaly and Spain make it
an improbable trading partner (Booz-Allen,
suzra Vol. 1 ar VII1-30}. Australia and
thile have gas reserves but present indica-
tions are that they will keep their pro-
duction for internal consumption as will
England and Norway with their Nerth Sea
fields, Venezuela officially terminated
{ts LNG export project in mid-1974 and
at least three factors make it improbable
as a future source of ING: there is a
feeling that production wtll he resgrved
for domestic consumption fAndecrson & Daniels,
supra at 911; tendencies towards national-
ization have effcctively dried up foreign
investments, and it was a member of OPEC
ailthough it did not participate in the
boycott.

Frauador is reported to have rocent gas
finds and its need for forcign exchange
and relative proximity to the United States
Gulf coast mauko it a possible exporter
although i1s extreme pelitical instability
might returd the necessary inflow of capital
for liguefaction facilities (Booz-Allen,
Supra at Vol. 1, VI11-32).
FOOROMIT FROTURE

Although the supply contracts are
typically of a twenty to twenty-five vear
duration, the price clauses have more
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flexibhilitv., Some copley escalator clauses
with an obhlective index. tithers provide for
re-opeping on price cvery four vears, 1t
is reported that Algeria will neputiate

all future contracts with a combination
"Floor' and index svstem.  The floor 1s to
be $1 per million BVH's FOB Algeria. TOB
price will excalate above the floor in
relation to the price of fuel oil (the
index). A hardship c¢lause will permit a
re-negatiation it fuel oil prices full
significantly under the floor. The floor
price itsclf would be tied to presently un-
specified economic indicators which would
refleet inflationary trends (Anderson G
Daniels, gupra in Chemical Engineering at
§8).

Pertamina usvs a floating pricing formula
to calculate an FOB price expressed in W35,
dollars per million BTU. The price is
recalculated at the start at each guarter.
The formula it uses to derive the price
uses §$1.25 as the base price and factors
this by an equally weighted sum of the
domestic [Indoncsian) crude il price and
the applicahle value of the initial Index
for Fuel and Related Products in Power which
is defined in the contract (fel.]- If
LNG prices are not ''pegged” relative to
crude oil thev are often pegged to fuel oil
prices. This may be in part because
Venczuelian fuel oil is =aid to "overhang"
the market. 1t could presumably be "dumped”
at prices competitive with other ready-to-
burn petroleun products. Tt may also he
because number two fuel cil is widely used
for residential home heating and would
thus be competitive where natural gas is
availlable to homeowner consuners,

There is chvious concern on the part of
government planners that the United States
importers may expend billions of dollars
on LNG carrier fleets and reception terminals
and thus get themselves financially locked
into long-term contracts only to find the
FOB price inexorably moved upwavds by
internmational politics including reduced
output of ctude oil and higher prices on
crucde oil distiliates. So lung as the
imparter's leng run average Ccosts are less
than tts parginzl revenue in reselling the
imports 1t would continue inportation even
with the prospect of short-term losses.

If price increases were allowed 1o be passed
on through rolled-in pricing considerable
prive increases might be tolerated. Moreover,
since importers are usually obliged to take
certain minimum quantities in a perioed of
time, repudiation of the vontract could well
hring legal retaliation for breach.

Although it van be argued that the



exporting countrics need the importing
countries as much as the importring countries
necd them, many economists fear that cartel
arrangements will enable exporting countrics
to progressively step up the price. Support
for this position may be found in the fact
that conversion of hoth home heating and
industrial applicatiens from one fuel te
another is typically cxpensive and unless
multiple systems already exist, ©.3., as

in some clectric utilities for peak-load
periods, new customers may not be inclined
to withdraw from the market just because

of price increases. Second, the typical
liquefaction facility in a foreign country
is highly leveraged. The exporting country
may have as little as 10% of its own maney
in the project, with the rest on loan from
turopean banks or the United States?
Export-Import Bank. As it depletes more

and more of its reserves and as its domestic
needs increase, the value of the gas to the
exporting country climbs. This might
motivate price escalations or supply dis-
ruptions. However, as equity in the project
builds up, there would seem an ever greater
incentive for the exporter to act in a
stable, responsible fashion to ensure the
economic health of its trading partners,
Moreover, on the basis of rate of return

on invested capital, the opportunity costs
of foregoing sales for political purposes
are large indeed.

Inlike domesti¢ crude 0il where various
"spot'" markets operate to siphon off
temporary cxcess capacity and where small
traders not vertically integrated or not
committed to long term contracts can
buy, LNG markets tend to be enduring and
bilateral. The importer is (usually)
desirous of all it can pet and the expensive
facilities required at either end tend
to eliminate the probability of casual
deliveries. Moreover, LNG carriers are
typically dedicated to a specified trade
route, although multiple loading and dis-
charge ports are not inconceivable. For
the same reasons i1t 1s unlikely that LNG
carriers would operate as "tramps" on
short-term charters. Instead, the typical
arrangement would he that the importer
owns the vessel or that the transportation
company cwns the vessel and dedicates it
through 2 long-term charter to servicing
a particular importer (e.g., Gazocean has
a transportation contract with Distrigas
of Massachusetts to deliver Algerian LNG).
(Twedell interview, supra.} If, as has
happened to the ships designed to deliver
gas to Columbia Gas-El Paso's Cove Point
facility from Algeria, the carriers are
constructed before the liquefaction facility
is completed, there would be a possibility

that vessels could be temporarily employed
carrying other LNG during peak demand
perinds or when vessels normally dedicated
to a given route were unexpectedly down
for repairs, etc.

The great cost of LNG carrters and ter-
minals is a further reasom why utilization
factors must be kept high and downtime
must be minimized. Moreover, when comparing
ING carriers to conventional crude oil
tankers by capital cost per ton of capacity
ratio is nearly 4:1. Even on a thermal
basis the ratio of capital cost to BTU's of
capacity is nearly 3:1. (Se¢ R.G. Wooler,
Marine Transportation of LNG 71 (1975)).
Unused excess capacity would seem unduly
expensive and would in the long tun reduce
the rate of return. On the other hand,
to the extent that the vessels suffer from
unexpected downtime (say, e.g., downtime
in excess of twenty days per year) ship
capacity must either be increased or better
systems reliahility must be built into
the ships in the first instance. If a
breakdown occcurs while the ship is laden,
hoil-off will continue nevertheless
resulting in waste. Hell-or-highwater
charters may mitigate the risk of off-hire
periods insofar as the owner's capital
investment is concerned, but if the ship
were an importer-owned asset, downtime on

the vessel would be money out of the importer's

pocket.

Another important consideration in
importing LNG from abroad is the impact this
%il1! have on United States balance of
payments. If one assumes an average FOB
price of 90¢ per thousand cubic feet and
assumes imports of three TCF per year we
would have an annual cash outflow of $2.7
billion excluding transportation charges
(U.5. Comptroller General, REPORT TO CONGRESS
ON NATURAL GAS SHORTAGE: THE ROLE OF
IMPORTED LNG 32 {0Qct. 1975)). Transportation
costs would add to this amount depending
on the mix of foreign-flag and U.5. -flag
vessels *® Russia and Algeria are teported
10 have requirements that 30% of their
LNG imports must be carried on their
ships {Id. at 33). Russia has one-third of
the world's natural gas reserve (Jd. at 41)
and is in need of b.§. capital and know-how
to develop its production and liquefaction
facilities. Purchases from Russia might
to sume extent be offset by sale of equip-
ment and know-how to Russia,

A final complication, which has potential
impact on the devclopment of an LNG trade
with Russia {which was considering trade
routes from Pechamo to the east coast of
the United States and from Vladivastok to

**  See p. 116 infra.



to the U.S. west coast) are the 1975 amend-
ments to the Foreign Trade Act. In the
Jackson Amendment {spomsered by Senater
Jackson of Washington) any ‘'nonmarket economy
country" ({Russia} may not participate in
"any program of the government . . . which
extends credits or credit guarantecs OF
investment guarantees. " during any
period in which the President determines
such country "denies its citizemns the right
or opportunity to emigrate.” In Russia
the issue would presumably turn on the
freedom of Russia's Jewish population to
emigrate. A Presidential determination
showing no such abuse must be delivered to
Congress. During the first eighteen months
the amendment is in force, the President
may waive the prohbiivions of the Act hy
Executive Order if he reports to Congress
that "“such waiver will substantially
promote the objectives. [preserving
fundamental human rights] and that the
President has received assurances that the
emigration practices of that country will
henceforth lead substantiatly to the
achievement of . {this} objective .
The waiver authority may be continued for
an additional twelve month period pursuant
to a concurrent resolutien of Congress.

An elaborate contingency procedure is
specified in the statute for further ex-
tensions of the waiver authority (see 88
Stat. 2056-2060 amending 19 U.S.C. § 2a32).

The 1074 amendments to the Statute of
the Export-lmport Bank similarly restrict
development of Russian ING facilities with
United States money. These amendments state
in pertinent part that:

“no loan or financial guarantee
or combination thereof which
equals or exceeds $25 million

for the export of goods ar
services inyolving research,
exploration, or production

of fossil fuel energy resources

in the Union of Soviet Socialists
Republic shall be finally

approved . unless in each case
the Bank has submitted to the Congress
with respect to such .
{transaction] a detailed statement
describing and explaining the
transaction at least twenty-

five days of continuous session
of the Congress prior to the date
of final approval.' (88 Stat.
2355 Amending 12 0.5.C. § 635).

Elsewhere the amendements state that no:

“ipan or financial guarante¢ OF
cambinat ion thereof shall be for

the purchase, lease or procurement

{by Russia] of any product or service

for production [including processing

and distribution] of fossil fuel energy

resources. MNot more than $40 million
[of aggregate loans to Russial

shall be for the purchase, leasc OF

procurement of any product or

service which invelves research

or exploration of fossil fuel

energy resources.' (88 Stat. 2336

Amending 12 U.S.C. B 635e).

Congress, by concurrent resolution acting
upon a Presidential recommendation, may
approve larger loan or guarantee amounts
{1d.}. These amendments would appear 1o
minimize or block Export-lmport Bank parti-
cipatien in capital development of Russia's
nascent LNG industry, at least until such
time as Congress acts to specifically approve
such funding.-

DEREGULATION OF DOMESTIC NATURAL GAS

To the extent natural gas is associated
with deposits of crude oil a joint cost
problem exists and in the early days of gas
production gas could be treated almost as
a byproduct. Consequently, the exploration
and production costs were allocated to the
crude oil. Only the ascertainable separate
costs such as dehumidification and compression
were viewed as a separate cost of the gas.
With greater demand for gas and the technical
advancements in high-pressurc intercstate
pipelines, unassociated gas fields were
sought and tapped (see Bryer & Maclvoy,

The Naturai Cas Shortage and the Regulation
of Natural Gas Froducers, B6 Harv.L.Rev,
941, 954-55 and n. 52 (1973)).

In simplest form the arguments over
degrepulation turn On twWa issues: the
performance of the regulators in achieving
the asserted goals of controlling abuses
of market power manifested by excessively
high prices and, implicitly, perhaps
accomplishing an income rransfer in favor
of the consumer; and the impact of artifi-
cially depressed prices on the development
of natural gas reserves and correlative
production rates. Additional complications
are introduced hy notions of flexible cost-
of-service tariffs, "most favored nation"
clauses in pipeline contracts, and rolled-
in pricing for new production.

PUHPGSES OF REGULATION

Bryer and Maclvoy contend that natural
gas production is not a concentrated industry,
citing Southern Loutsiana Area Rate (ases,
428 F.2d 407, 416 n. 10 {5th Cir.) ecert.



dewcledd, 400 ULS. 950 (19703, Even onoa
regional hasis there is no evidence of
alarming conceatration {ac., Brver and
Maclvoy, vurrr at 946).  They reject the
argument that the key to pricing is the
ownership of reserves (particularly when
mest-favored-nation ¢lauses allow the
producer to alter the price under existing
vcontracts to the price being paid by its
customer under its newest and most expen-
sive contract} by attacking its factual
premise that there was excessive concentra-
tion tn the holding of reserves (50, at 946-
473, Morcover, there is some evidence

that at a time of rapid rise in the ficld
price {(1850-1958) pipelines enjoycd monopsony
status and actually depressed prices.

Bryer and Maclvey also suggest that in
order to stop windfall profits through
most-favored-nation clauses and to preserve
the prices of "old' more cheaply discovered
and produced intramarginal supplies, a
multi-tiered type of regulation would he
required. They contend this requires a
knowledge of the location and shape of the
supply curves for production and new
reserves. Such information is presumably
difficult or impossible to acquire. Addi-
ticnally, they contend that lower prices
foer intra-marginal gas stimulate further
demand requiring some sort of ratiening
and prioritization, net to mention restric-
tions against arbitrage. Restrictions
hased on moral deservingness are pelitically
sensitive to administer and may run counter
to the more objective allocations achievable
in an open market (7d. at 951).

DEFFICULTIES ENCOUNTRERED 5Y THE FPC

The Commission originally ser ceiling
prices on new pas and used a4 survey over
base years in the recent past to derermine
the cost of finding and producing new gas.
Rryer and Maclvoy reason that such a method
of setting ceiling prices invariably
induced shortages because expleration and
development costs were increasing and
historical averages nccessarily lagged
behind future costs. Additional problems
may have been created by the fact that
cxtraction of the last portions of a wasting
resource is invariably more expensive than
extraction of the first portions (fd. at
962).

If costs increase and prices are fixed
only the most likely potential gas fields
will be explored and only the cheapest
wells will be in production. Meanwhile the
costs of alternative fuels have risen due
to short supply, petroleum boycotts,
increased consumer demand, and general

inflation. With ceiling prices below
market clearing prives "demand” for natural
gas hus naturally increased, even more than
would be the case with open-market pricing.
Thus the centrolled price has actually
contributed to and in large part been
responsible for the perceived increase in
demand.

An important cffect of the regulated
price has been to divert new supplies,
not under contractual commitment, to intra-
state {unregulated) markets. This has
vaused considerable relocation of industrial
customers which have moved to states with
domestic gas supplies. [t hus also caused
a proportionate decrease in the supplies
available to interstate pipelines whose
principal customers are local gas utilities
who in turn resell to residential consumers
(74, at 977). In addition to intrastate
distributers, many producers are selling
directly to industrial customers im the
state of production {fd.).

Floating multi-tiered classification
systems have been suggested where what is
now ''mew'' gas would eventually be recclass-
ified as "old" gas after the passage of
a certain number of years. Bryer and
Macivoy argue that this would nevertheless
deter exploration and development since
producers would understand that eventually
newly discovered supplies would be subject
to ceilings. The accuracy of this prediction
no doubt depends om the asmortization period
and the rate of escalation of future explora-
tion costs. Bryer and Maclvoy favor an
unrepgulated price and would accomplish
income transfers by meuns of taxes on
producers. It is felt this might fall on
the more successful producers and those
enjoving economic rent for their good luck
or skill in making early, chedp discoveries
while falling less harshly on marginal
producers (Fd. at 985).

Theoretically the benefits from rcgulation
can be quantified as the difference between
the controlled price and the market price
times the quantity of gas which producers
are willing to supply at the controlled
price. The detriment to consumers is the
loss of consumer surplus which is a measurc
of the price consumers would be willing to
pay if they were the only customers and
were incrementally adding to the quantity
of their purchases in an open market
summed over all such customers. Since
price in the open market is fixed at the
margin, such purchasers purchase whatever
they require at the warginal price and in
that sense get their additional units at
a price less than that which they would
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have been willing to pay if they wre
negotiating incremental unit by incremental
unit. Seec Appendix, Exh. 33 for a schematic
illustration (reproduced from Bryer &
Maclvoy, supra at 981-982 n. 127).

MODELING OF REGULATORY ALTERNATIVES

In recent years several econometric
models have been developed to predict price
impacts upen expleoration and discovery of
natural gas. In a recent article the
co-author of ane of the models compares
his model and two others by “backcasting',
That is, he uses historic data for past
periods to see how well the model correlates
with the actual facts. He also compares
them in the forecasting mode looking ahead
in the years 1875 through 1980 (Pindyck,

The Requlatory Implications of Three
Alternative Econometrics Supply Models of
Natwral Gas, 5 BELL J. ECON. § MGT. SCIENCE
633 (1974)). The MacIvoy-Pindyck model

was found to predict new discoveries hest
tor the historical periods. For future
forecasting the MacIvoy-Pindyck model

showed an excess demand of ten TCF in 1880
under "cost of service” regulation (this
represents an historical average cost
pricing which implied wellhead prices
increases of 1¢ per thousand cubic feet

per annum on new contracts.) Under a
deregulation policy, the MacIvoy-Pindyck
model predicted eliminaticn of cxcess demand
by the year 1979 (Id. at 643-644} * The
Kazoom model developed for the FPC appeared
lacking in price sensitivity and even

under a deregulation policy showed excess
demand of seven TCF in the year 1980. A
model developed by Erickson and Spann proved
to be extremely price sensitive and pre-
dicted eighteen TCF of surplus supplies
(suggesting exportation) by 1980. In the
Maclvoy-Pindyck model "deregulation" was

in fact continued regulation but with allow-
ed price increases of 15¢ per thousand

cubi¢ feet immediately and thereafter
further price increases of 44 per thousand
cubic feet each year. The author concludes
that since the models do not show a con-
sensus, mere investigation into the dynamic
response of exploration to price incentive
1s crucial (/4. at 645). (For a detailed
articulation of the Maclvoy-Pindyck model
see 4 BELL J, & MGT. SCIENCE 454 (1973)).

CURRENT STATUS (08 DEREGULATION

On July 27, 1976 the Federal Power
Commission allowed a 90¢ per thousand
cubic foot gas price increase at the well-
head for interstate gas. This inc¢rease
was applicable te gas hrought into produc-
tion in 1975 or later. Gas produced in
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1973 and 1974 enjoyed a 49¢ per thousand
cubic feet price increasc. This action by
the FPC is presently challenged by pending
littgation broupht by a cealition of consumer,
labor and government groups. While it is
technically not a deregulation, it clearly
represents an effort by the FPC to bring

gas prices into parity with competing sources
of emergy. On November 5, 1976 the FPC
reconsidered the July increases but reduced
them hy only pennies.

* Professor Marcus and his associates feel
that the post-boycott price increase of oil
from the medeled price of $6.50/bbl to
$13.00/bb1. may once again make ING
importation attractive as an altcrnative
te oil importation. (Marcus, Jfshore LNG
1-24 and 1-25),

** It appears that the only shipvard
presently capable of building 300,000 m’

ING carriers is located in Spain. So long
as this is the case, the construction
differential subsidy will not have any effect
in inducing 1.5. owners to order their ships
from U.5. yards. Thus there would be a
balance of payments outflow for the ship-
building assembly labor, materiuls and
overhead and for such components as were not
exported from the U.5.
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TABLE 1@ ERLSCING LNG CABRIERS

Year  Chip. Length Cargo
Name Comp.  C.M. LIk iwner Bui lder Cont . Sys. Class
ARISTOTLE 1958 5126 321t Antarcric Gas [ne. Hebuilr at Conch Aluminum *ARS
ex METHANE PIOMEER Alabama UIESR Self Supporting
METHAME PROGHESS 1064 27400 575" Methane Tanker Harland & Wolf Same ABS
Fipance
METHANE PRINCESS  1%6d4 27400 575! Conch Mcthane Vickers- Same ABS
Tankers Armstrong
PYTHAGURE 1364 630 174" {lazocean Amemecnt Duchesne § Technagaz Stain- BV
Bossiere iess Sreel
! Membirane
]
JULES VERNE 1964 25500 617 Ga: Marine AT. & Ch. de Gaz Tramsport 9% BV
la Seine Nickel-Stecl
Vertical Cylinder
POLAR ALASKA 1569 71500 V54*  Polar LNG Shipping Kockums MV A/B Gaz Transport ABS
Corp. Inver Membrane
ARCTIC TORYOD 1969 71500 754" Arctic-LNG Trans- Kockums MY A/B  Same ABS
portacion Co.
ES50 BREGA 1969 40000 640! Prora Transporti Italcantieri Oouble Wal] Alum- ABS
S.p.A. Genoa inum Sejf
Supperting
ES50 PORTOVENERE 1970 40000  640*  Prora Transporti ltaleantieri Same ABS
5.p.A. Genoa
ES50 L1GURIA 1570 20000 40T Prora Transporti Italcantieri Double Wall Alum- ABS,RI
5.p-A. Genoa it Self
Supporting
LAIETA 1970 40600 640" Navierii de Productos  Astano-EL Double watl ARS
Licuzdos Ferrol Alumirum
Self Supporting
EUCLIDES 1571 4000 315" Antarctic Gas lne. At ECh, du Technigaz 2% B¥,R1
| llavre Nickel-Steel
' Spherical
LESCARTES 1871 500¢H) Gukt Lazocean, VHaris Chantiers de Stainless Steel MBS, BY
L'Atlantique Merbirans
Cench Gcean
HASSE R'MEL 1971 4uddi)y [ SONATHACH C.NUELM. :az Transport “*AB5 BV
*ARS classification wnder 6/68
“*Pending completion of required service tests of containment system
SOUHCE:  Swenson, L.U,, "LKG-A Houd to Progress,” Aswrican Petrelcum Instature, 1472
Exhibit 1. (Liquified Natural Gas - A Survey, P. 60, P.R. Latham) Existing LNG Carriers
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MAJOR CARGO HANDLING MACHINERY AND MANEUVERING MACHINERY

COMPRESSOR ROOM HOUSING THREE GAS COMPRESSORS,
THREE GAS HEAFERS, AND ONE VAPDRIZER

A G STATION - CARGD CONTROL ROOM HOUSING CARGD
‘I:’ﬂ:?o&w‘ol;u “ AND BALLAST COMTROL CONSOLES

LIGUID NITRDGEN S
STORAGE TANK /,.-
¥75 CUFT. _
J . ‘-.“ } " _-.‘-\K'__ oot ity )
... o sPr W amd b .
ND 5 NO & ND 3 C2 Lo e o
LAHLD TANE CARLD *ahk CARLE TANK it CARGL TaNE S
d o oo - o
11 R S U i
\ \ . CARGO SPRAY PUMP - BOW THRUSTER 2200 HP -
"x \ \ ONE PER CARGO TANK -
\ LU ::f"f :ta:i PUMP \ CARGO TANK. IYPIGAL -
B Y s " [ — . .
! N . TWD PER CARGD TANK - SPHERICAL ALUMINU
| . 626 GPM EA, TOTAL VOLUME (FVE TANKS
| \ "~ INERT GAS GENERATING 125,000 CUBIC METERS AT 100% AND - 265" ¢
' \ PLANT - 4500 CFM - LOADING /UNLOADING TYME 12 HRS
. MALCHINERY SPACE
i-., INSULATION TO LMIT BOILDFF TD D.25%
tre————r —— STEEAING ENGINE - 25000000 IN.LB  OF METHARE CARGO PER DAY, MAX,
MAIN PROPULSION COMPONENTS
ENGINE SHP 43000 ,
PROPELLER RPM 183 e
STEAM PRES S0 PSIC ‘ e ——— g consoe
STEAM TEMP 950° F | |
BOILER EVAP { EAI 143500 ¢ B/RR |
FUEL  BUMKER C OR \ -

BUNKER C AND LNG BOIL-OFF ; ] |

I
SPECIFIC FUEL CONSUMPTION. .478 £ B/SHP HRA, .
NO MARGIN, FUEL OHL DNLY

BOILER (PORT & STED} A ‘I T
T _T_ y
AEDUCTION GEAR ,

THRUST BEARING -~ |

ENCLOSED DPERATING STATION
ONE MAN WATCH

ENGINE RM CDNSOLE

HP TURSINE
PROPILSION SHAFT

LP TURBINE

CONDENSER

Exhibit 2. continued
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MAJOR PROPULSION AUXILIARIES AND ELECTRICAL EQUIPMENT

f

_ DEAERATING FEED TANX

EMERGENCY DIESEL
_~ GENERATOR - 250 Kw

-

-
- P FORCED DRAFT BLOWER (4}

_-BOILER FEEQ PUMP (2)

]~ STANDBY DIESEL GENERATOR
LT~ - 1500 KW

) _MAIN SWITCHBOARD

|1~ smP SERVICE TURBD GENERATOR (@
20 kW

ey
Al R MAIN LUBE OIL PUMP (2)

AT SEAVI 2
/L/ EL DL SERYICE PUMP (2}

|—-F

. , ELEVATOR, 1000 LB CAP.
! " SHIPS STORES REFRIGERATION
i e . PLANT . N .
Bl 7 PLANTS Q) - 2 TONS €A
it " " AR CONDITIONING REFRIGERATION
"L 7 PUANTS @1 - 60 TONS £A.
4 ./,’ /."

A 7 DESALINATION

- #7_PLANIS ) 16000 GPD €A,
|

P AIR COMPRESSOR {3)

, 1| =" SPRINKLING AND WATER CURTAIN
g ~~~"" PUMP 3000 GPM
7" EIRE PUMP - 1100 GPM

T
Py {2ND LOCATED FWD)
e
+h

/ . PUMP ROOM

- -BALLAST PUMP () 11,500 GPM EA.
1y

Exhibkit 2. continued
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‘ CHICAGO BRIDGE & IRON COMPANY

SUSPFENDED
INSULATING
DECK

LOOSE # .
PERLITE -y
INSLILATION i
R
. =1
RESILIENT - |
BLANKET i k3
il
\ N
INNER TANK : \J
i -
-
! |
: "
QUTER TANK Vo 2

¥
-
-,y

o,
ot
T

ANCHOR BOLTS

COMNCRETE
RINGWALL LOAD BEARING HEATING CONS QUTER STEEL INNER
FOUNCATION INSULATION IN SAND BOTTOM BOTTOM

HORTON ® CRYOGENIC ABOVE GROUND
DOUBLE WALL INSULATED LNG TANK

Exhibit 3. Cutaway depiction of Chicago Bridge & Iron shore based LNG tank
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Federal Regulations

l. National Pipeline Safety Act, 49 CFR Part 192 and
amendment 192-10.

2., Occupational Safety and Health Act, 29 CFR Parts 1910,
1910,23 and 1926.

3. Clean Air Act - Amended (Public Law 91-6041),

4. National Environmental Policy Act of 1969 (Public Law
91-190),

5. Water Pollution Control Act (Public Law 92-504),
6. Natural Gas Act,

7. Federal Water Pollution Control Act 1973, 40 CFR Part
125.

8, Noise Control Act 29 CFR Parts 1910.95 and 1926.52.
9. Federal Aviation Act of 1958, 49 USC Part 1350.
10, The Fish and Wildlife Coordination Act, 15 USC Part 661.

11, The Rivers and Harbors Act 1899, 33 USC Part 401,
Transportation Act of 1966 49 USC Part 1665,

12, LISCG Regulation -~ 33 CFR Security of Vessels and
Waterfront Facilities,

Alaska Regulations and Codes

L, As 18.70.050 Regulations of the Department of Public
Safety,

2, Alaska Administrative Code 19.000.

Exhibit 7. (list of Safety Codes and Regulations, Statement of FPC Chairman R.L. Dunham,
17 Feb 1976, pp- 78-82)
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STANDARDS APPLICABLE TO THE CONSTRUCTION AND OPERATION

OF THE PROPOSED LNG PLANT AND MARINE TERMINAL

LNGC Terminal

1. Title 49 CFR, Part 192 - Amendmert 192-10, Liquefied
Natural Gas Systems and Part 192, Safety Standards
for Transport of Natural Gas by Pipeline.

2. American Association of Srate Highway Qfficials (AASHO:

3. American Society of Mechanical Engineers - Pressure
Vessels,

4, American Society of Civil Engineers - Wind Forces,

5. American National Standards Institute: various standards
in the areas of Civil Engineering, Lighting, Instru-
mentation, Mechanical Engineering, Noise, Sanitation,
Materials Handling.

6.  American Concrete Institute (ACI), Specifications for
Structural and reinforced concrete construction.

7. American Institute of Steel Construction (AISC),

8. American Petroleum Institute (API); API std. 620,
Appendix Q 1973 and others.

9, American Waterworks Association.

10. American Society for Testing and Materials (ASTM):
Concrete and Structural Stecl Standards.

11, Diesel Engine Manufacturers Association.

12. Hydraulic Institute Standards (HIS); Pump Standards
1969,

13, American Gas Association; AGA Gas Engineers Handbook -
Purging.

14,  American Welding Society - Structural Welding Code.

15. USCG Regulation - CFR Title 33 Security of Vessels and
Waterfront facilities,

16.  National Board of Firefighting Underwriters.
17. National Fire Protection Association (NFPA); NFPA No.
10 (1972}, Installaticn of Portable Fire Extinguishers.
Exhibit 7. continued
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18.
19,
20,
21.
22,
23.

24,

25.
26,

27.

28,

NFPA No.
NFPA No.
NFPA No.
NFPA No.
NFFA No.
NFPA No.

NFPA No.
Systems,

NFPA No,

NFPA No,

30 - Flammable and Combustible Liquids Code.
594-1972; Storage and Handling of LNG.
70-1971; National Electrical Code.

77-1972; Static Electricity,

78; Lightning Protection Code,

87-1971; Piers and Wharves,

90A-1972; Air Counditioning and Ventilating

194-1968; Screw Threads for Fire Hose Couplings,

196-1972; Fire Hose.

Occupational Safety and Health Act - Title 29 CFR,
Parts 1910, 1910.23 and 1926,

Uniform Building Code - Zone 3,

1.

|
2.

3.

Pipeline

OTHER INDUSTRY AND UNDERWRITER HEALTH AND SAFETY CODES

American National Standards Institute {(ANSTI) B31.8
Gas Transmission and Distribution Piping.

American Petroleum Institute (API).

American Society for Testing Materials,

Manufacturer's Standardization Society of the Valve
and Fittings Industry (MSS),

American Waterworks Association.

LNG Terminal
American Association of State Highway Officials (AASHO).

American Society of Mechanical Engineers - Pressure Vessels,

American Society of Civil Engineers - Wind Forces.

Exhibit 7. continued
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4, American National Standards Institute; various standards
in the areas of Civil Engineering, Lighting, Instru-
mentation, Mechanical Engineering, Noise, Sanitatiomn,
Materials Handling.

5. American Concrete Institute {ACI) Specifications for
Structural and Reinforced Concrete Construction.

6. American Institute of Timber Construction Manual.
7. American Institute of Steel Counstruection (ALISC).

8. American Petroleum Institute (API): API std. 620 1973
and others.

g. American Warterworks Associaction,

10. American Society for Testing and Materials ASTM:
Concrete and Structural Steel Standards,

1L, Diesel Engine Manufacturers Association.

12. Hydraulic Institute Standards (HIS); Pump Standards
1969.

13. American Gas Association; AGA Gas Engineers Handbook -
Purging.

14. American Welding Society - Structural Welding Code.
15. National Board of Firefighrting Underwriters.

l6. National Fire Protection Association (NFPA); NFPA No.
10 (1972), Installatioan of Portable Fire Extinguishers.

17, NFPA No. 30 - Flammable and Combustible Liquids Code,
18, NFPA No. 394-1972; Storage and Handling of LNG.
19. NFPA No. 70-1971; HNational Electrical Code.

20. NFPA No. 77-1972; Static Electricity.

21, NFPA No. 78; Lightning Preotection Code.
22, NFPA No. B7-1971; Piers and Wharves.

23. SFPA No. 90a-1972; Air Cenditioning and Ventilating
Systems.

24, NFPA No, 194-1968; Screw Threads for Fire Hese Couplings.
25. NFPA No. 196-1972; Fire Hose,

26, Uniform Building Code - Zone 3.

Exhibit 7. continued
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MIG BOSTON SAFETY INSPECTION FOR FOREIGN VESSELS CARRYING
BULK CARGC OF UNUSUAL RISK

LIQUIFIED FLAMMABRLE GASSES

VESSEL NAME NATIONALITY

GRQSS TONS DATE OF INSPECTICON

EXPIRATION DATE: CARGO SAFETY EQUIPMENT CERTIFICATE

EXPIRATION DATE: CARGO SHIP SAFETY CONSTRUCTION CERT.

CERTIFICATE OF FINANCIAL RESPONSIBLITY FROM FED. MARITIME COMM

DATE: LOAD LINE

OWNER: NAME ADDRESS

AGENT: NAME ADDRESS

CARGO:

1. LETTER OF COMPLIANCE: DATED {SFE COMDT NOTE 5923}

©. CARGO TANKS AND CARGO PIPING RELIEF VALVES SET AND SEALED BY CLASSIFICATION
SOCIETY CR SAFETY ADMINISTRATION WITH CERTIFICATION QF SET POINT
ABOARD
IF VALVES NOT SEALED SUITABLE OFFICIAL RECORDE AVATLABLE TO DETERMINE KO
CHANGE BY SMIP OF SET PRESSURE

3. CHECK OF CARGO LEAK DETECTION SYSTEM {HEADOUTS MADE, ALL SENSING POINTS}
INGTRUMENT SCALE

FRODUCT CARRTED: LNG {5.0%) [pp LNG (15%) UEL
LPG (2.4%) LPG (9.5%) -
UNUSUAL READINGS NOTED: AMOUNT LOCATIONS

DO ALARMS (AUDIBLE AND VISUAL) FUNCTIOR
SET POINT FOR ALARM
FREQUERCY OF READINGS PRIOR TO U.S. TORT ENTRY

4. CARGO AND SECONDARY BARRIER (IF INSTALLED) AND VOID SPACE. TEMPERATURE
SENSING SYSTEM FREQIENCY OF READINGS WITH CARGO ON BOARD PRIOR TO ENTRY
TO U.5. PORT

CHECK MADE OF ALL SENSING POINT UNUSUAL TEMPERATURES NOTED:

5. REMOTE SHUTDOWN OF AUTOMATIC CARGO VALVES (30 sec)
REMOTE SHUTDOWN OF CARGO PUMPS
TESTED FROM ALL CONTROL STATIONS
FUSABLE LINKS

&. VESSEL ELECTRICALLY BONDED_TO SHORE CARGO SYSTEM

T. DRIP PANS OR OTHER HULIL PROTECTION IN PLACE UNDER CONNECTION OF VESSEL
CARGC SYSTEM TO SHORE

Exhibit 8, (LNG-LPG Uperation/Emergency Plan, Port of Boston, USCG, Feb 1976) Safety
Inspection Form
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8. ELECTRICAL EQUIPMENT AND LIGHTING IN HAZARDOUS LOCATIONS CHECKED.
FIXTURES INTACT, EXPLOSION PROOF

9. FIRE FIGHTING EQUIPMENT EXAMINATION AND IN PLACE READY FOR USE
DECK DRY CHEMICAL SYSTEM
DECK WASH SYSTEM

10. INTERNATIONAL SHORE CONNECTIOR

11. PURGE RATE

12, CARGO PIPIRG SYSTEM, EXPANSION JOINTS

13. VESSEL MANNING (ATTACH COPY OF CREW LIST)

1k, DETECTION & SHUTDOWNS, BOIL OFF SYSTEM (METHANE ONLY)

15. POLLUTiON PREVENTION EXAMINATION

16. WAENING STIGNS IN PLACE

17. COMMUNICATIONS ESTABLISHED
(SHIP TO SHORE)

18, CONTROL OF OPERATIONS ESTARLISHED

19. CARGO LINE COOL DOWN CARRIED OUT PROFERLY

20. VESSEL PERSONNEL HAVE ADEQUATE KNOWLEDGE OF ENGLISH AND APPEAR KNOWLEAGABLE
IN SHIP CARGO OPERATIONS

21. GENERAL CONDITION OF VESSEL

REMARKS :

MARINE INSPECTOR
Exhibit 8., continued
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Model Form of Certificate of Fitneas for the
Carriame of liquefied Goses in Bulk

CERTTFICAT™ OF FITNESS FOR THE CARRIAGE
OF LICUEFTED GASES IN BUIK

(Official Soal)

Issued in pursunnce of the

IMCO CORE FOR THE CONSTRUCTION AND
EQUIFMENT OF SHIPS CARRYING
LIQUEFIED GASES IN BULK

Under the authority of the Governpent of

T4 s avrr st bsam st snasorantnnana LN N NN N L R NN N N A

(full officicl designation of tho countxy)

b}' i T T LN R N N T R g
(full official dosimmation of the coopotent person or
orgonization authorized by the Administrution)

Nane of ! Distinctive | Port of ! Cargo  Ship Typo i
' Ship Fuober or | Registry t Capacity | (Section 2,5 1]
IL Lottor | | {0%) of the Code)

l ' \

! | r

] !

! |

. : i

; | ‘

+

' |

» . |
| ! '
! !

Jate of building or major conversion contract

Date on vhich keel was lald or ghip was at o
gimilar stogoe of construction or on vhich
major conversion was commencod L T T T T T T, fierisasas

The certificate should be drawn up in the official langunge of the issuing
comtry, If the languago used is neither English nor Frouch, the text should
include a tramsletion into one of those longuagos,

Exhibit 9, ({IMCO Model Fitness Certification, Annex VII of MSC XXXI1/19, pp. 146-150)

Model Form of Certificate of Fitness
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IS IS TO CERTIFY:

1, ‘That the obove uentioned ship in
# (i) o ship o8 defined in 1.2.2(a) of the Code;
[# (1i) o ship as definad in 1,2.2(h) of the Code;]
# (ii1) o ehip as defined in 1.2,3 of the Code.

9, (1) thot the ship has been surveyed in sccordance with tho provisions of
aection 1.0 of the Codes

(13) thot the survey showed that the gtructure, equipment, fittings,
arrangenents mnd moterials of the ship and the conditions therool
are in nll respects satisfoctory and that the szhips

*  (a) cooplies with tho relevant provisions of the Cole;

» {(b) complies with the goviss.ons of tha Code referrod to in
parogreph 1,2,2(0)2/ ]

3, That the following dosign criterlia have been used:
(e) Acbient adr teuperature .....005/

(b) Acbient wntor fecpereture oo
(e)

i " ...

i Tonk type Etrens Factoray
end mmbers¥ I :

| c D

.i

L B :

ll '; -

T ¥

j' Corgo »iping i

## Tanle runbers referred to in this liat are identified on
the annexed, sicmed and dated toank plan nunbered 2.

(@) Meochanical propertieg of the cargo tank noterial were
deternmined ot +..... C, '

* Pelete on appropricte

Exhibit 9. continued
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4. Thet the ship is cwitable for the corriase in bulls of the follouing
products, »rovided that 211 relevant operational nrovisions of tle Code
oxe observed (Gf:

; Froducts . Conditions of Corrizme !
i | {tank nwibera, nin, tenperature,
: oo, prescure, poax, densityr,

! tankc loading conditions)

[PV

|
-4
|
|

* Continued on the onnexed sirmed and dated sheet(s) No,lh

¥ Ten': numbers referred to in thin list cre identificd on
the mnexed, sismed and doted tank plan rumbered 24,

5. Thoat in accordonce writh sectiona 1,5/2.7* the provieions of the Code arc
wodified in respeet of the ship in the following oanmner:

Thig certificate Inm volid wntil tho seerveraes QOF OF cieevsvemns ovn 19....

Izosued at Trs YRR I RsAN N LIS b v s A AN LR T R E I 19-000

(ploce of issue of cortificate)

The wndersigned declares that he is duly authorized by the ooid
Govermnient to ingue this ecrtificate,

(signature of official
isguing the certificate
and/for oeal of issuing
authority)

(zerl or stonp of the isguwing
outhority, a3 appropriata)

* TDelete as appropriate

Fxhibit 9. continued
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Survel'_q

This is to certify that ot 4 SUXvey required iy section 1.6 of the Code,
this ahip wog Tomd ¢, CODly with the Televant provigiong of the Coca

Intomod_intc Surve
SESS=hEe suryey
.-c.-»co-qoao-o-co-oo ]htﬂ oa.--co-cncooaucl‘l'

Sisnaturg and Senl of 13ﬂu1n{; authori ty

11'100 .---o-o:-u.o-‘ao-o-.occ- Dﬂto

|¢o¢1oa--o.4-ooao.o-

TAERaaa g, -u-ooo--ao---..-.-.---- ]ht@ .,..............-.-.
Lismaturg and Son) of ieouing nuthority
Placc ..I.-.‘I.ll'.‘ll."‘.ll'.’.lﬁ.". mtu ........0!..!".0"'

in the cano of a, SXIstAng ahip nng g4 Buch 8 case ahould 1o notoe
"Sea paregraph 2(14) (v), '

Paragruph 2(11)(v): Insert the Approprinta Bub-poaragraph of {1-2.2(13)]
according to i otztus of the ghip in relation to thg Provisions of thig
paTagrapy, |

Parogreph 3(a) anc 5(): e aoblent {omperatures aceonted or roquires
by the A".dninistr:;tion for the urposse of 248.1 of the Codo to vo insextod,

Pa:rc_::mrlz 5((:): Ctrosg foctorg cod matordalg a8 2ecentod op recuirad by
the Adointatratton for the purpopen oL .5.2(a)(1) ans Ge5.1{e) of the
Code 1o be insarteqa,

Parazrnsh 3{¢)s  noon terporature op other terperatywe cecaptod Ly the
Adoindgtratioy for the Pursosas of :5.1{£) to Be ingertec,

have been év:luz:tml Ly the Adnindetroton in accordance with DTESTTPa 1,7, %
of tho Code, should ye Usted, 1 Tespect of the laottor "new" Producte,
&ny Spoeial dequironents brovisionally Preseribed should e noted,

Exhibit 9. continued
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Sumnen, Loap L€,

¥
i L Y o fm,;w
WHICREVEE, r ;l ‘\T i
15 LEAST, FP
£ ProriLs

‘ SeEcrions,

Flgure 2.1 - Tank loocation Baquirements as »et cut 1n 2,6,

Exhibit 10. {IMCO Tank Location Requirements, Annex VII of MSC XXXI1/19, p. 24)
TANK DOME
r
2
LOCATIDNS
1. DECK STRINGER [(GRADE Et
2. SHEER STAAKE (GRADE E}
3 BILGE STRAKE (GRADES D OA E)
CARGO Tank].
INNER HULL -]
SIDE SHELL s
S
FIGURE 3. LOCATION OF ENHANCED GRADES OF STEEL
AS CRACK ARRESTORS
Exhibit 11. (New Regulations fer Liquefied Gas Carriers, A.E. llenm and T.P. Dickey,

Oct 1975, p. 10) Location of Enhanced Grades of Steel
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T T R —

r' The following Js 2 bricf description of some of the alarm paints includ-
ed in the atarm system of one type of LNG tanker. It is included to
provide the roader with a clearer understanding of the funcijons of
such 4 system,

This particular system is a 100 point alarm Panel which gives « visual
| and audio signal when certajn Mmeasurements of operational or funciion-
| a! conditiopg exceod a predetermined value. When an alarm cundition
| is reached ap any reading, a flashing red light will comie i, and a
/ siren will sound i the pas control room where the panel is located,
] and also in the electric inotor room, Provided on the Panel are switch-
i es for changing the Mashing light to a steady light; for blocking certain
alarms which are only used for special functions, such as leading or
unloading operations: and reset buttons used to turn off alarms on
Points which may pive an alarm when not actually in an alarrm condj.
tion, The punel also has g fpgyn button which is used {o test the Jight
and logic circuils of the panel, When the "test" button is puched, a test
is rnade of all alarm points except the ones which have breu termiporarj-
ly blocker, Certain critical alarm points are repeated in the wheel-
housc, but the hght stays on unijl these alarm condition. are corrected,

—_— .

The following is a description of some of the alarm points including, in
some cases, what they indicate and Beneral corrective measnures,

| l. Low Different;al Pressure Betweren Tank and Primary Insulated

I Space - An indication 1hat the Pressures hetween the ca rpo tank und

i the Primary insulated “pace have heen equalized . accarpanied by auto-
matic emerygency shut-down of the cargo handling systeni. . 6 alarm points,

' 2. Low Differential Pressure Petween Tank and Secondary Space -
An indication that the pressure between the secondary insulaled space
and the ~argo tank has eyualized - accompanied by automatic emer-
gency shut-dowr of the cargo handling system - ¢ alarm points,

|

.’ 3. Cargo Pumps Stopped - Indicates that the cargo pumps have stopped - |
i these may he planned stops or due to emergency shut-down, low liquid ]
’ level, low power, low LNG vapor header Pressure, or pump failure - !
| 12 alarm points. [

4. Secondary Parrier Low Temperature - Indicates secondary barrier
temperature hag dropped from normal temperature of (typically) -70°C
o -110°C. This indication may be caused by either 3 leak in the pri-
mary barrier or water jn the insulated Spaces. If a leak is delected,
sieps rnust be taken to tsolate the barrier and tank . 6 alarm points
activated irom a number of thermeocouples and temperature swilches.

5. Waterﬁ_lnsu_}ated Space - An indication of water in the secondary
bar:i;msulm Space - results from a leak in the inner hull, and
alarm is activaled by a water detector. The ballast tanks surrounding
the affected cargo lanks should be deballasted and a dewatering pump

installed - é alarm points.

——

Manual, National Mari

time Research

Exhibit 12. (List of Tllustrative Alarm Systems, LNG
Center, July 1574, PP. 237-240)
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fi. Very High Level - Caused by overfill of cargo tank and uccurs when
LNG liguirl level reaches 99, 2% of tank capacity., Activated by high

level probe iind accompanied by automatic ¢mergency shut-down of the
carpo system - 6 alarm points,

High Level - Indicates liguid level 98.1% of tank capacily - 6 alarm
ptints,

7. Dedired Remadning Liguid Level - Indicates tank has been pumped

out to the valume ta he left in the tanks for spraying the o*her tanks to
keep then, cuol i 1o provide bodler fuel on the ballast trip - 1 alarm
peint.

B, Pourward unspraom Filge Alarm - Excessive accumulation of

hilge water 1o ke lorward pump room - requires inspeclion and pump-
ing out - 1 ala rm point,

o Teek Wan hes, Tlydrandic Qil - Low Tevel - Iadicates low oil level

in either the for wird or afl gravity tanks of the hydraulic deck rnachin-
ery o0 oalarn; Teraatrt

10. Ballast Valves, Hydraulic Oil - Low Level - Indicates low level
in a sump lank of ballast valve hydraulic oil actuating system,

11. Fire in Electric Motor Roem or Cas Compressor Room - Alarm
actuated by thermocouples in the electric motor room or the smoke
detector system from the gas compressor room. When alarm is acti-
vated, alarms sound in affected compartments, as well as in gas con-
trol room and engine room, the ventilating fans in the midship house
will automatically be stopped and, after a short delay, five bottles of
20z will be automatically released into the affected room. Action
which ensues includes actuating the emergency shut-down system and
the general fire alarm, cutting off electrical power to the gas control
swilchboard, starting of fire pumps, personnel evacuation of gas con-
trol reom, isolation of certain LNG vapor valves, activation of the
water curtain systems, and the carrying out of general fire fighting
instructions.,

12, Tank Pressure Below 5 gm!cm2 - Activated by a drop in vapor
header pressure,

13, High Differential Temperature, Gas Gompressor

14. High Suction Temperature to Compressor

15, Low Suction Temperature to Compressor

16. High Compressor Discharge Temperature

17. Compressor Stopped

18. Gas Pipe Duct Fan or Engine Room Vent Fan Stopped

Exhibit 12, continued
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1%, Inert Gas System Failure

2n. Muthane Exhaust Heater Low Drvain Temperature

21. Nitrogen Excess Flow

22. Low Flow (Gas Analyzer

23. Vapaerirer Starts

24, Vaporizer Outlet High-Low Temperafure

25. Nitrogen High-Low Pressure

26. High-Low Level, Nitrogen Tanks

27. N; from Methane Vaporizer, High-Low Temperatures

These alarms monitor the temperature of the nitrogen gas from the
LNG vaporizer,

28. Fresh Water Purops Stopped - Indication of mechanical or electri-
cal failure in pumps,

29, High Temperature Methane Heater Qutlet

310. Vacuum Fumps, Sealing Water Tank - Low Level

31, Gas Alarm - Actuated by analyzers which monitor the insulated

spaces with alarm given when LNG vapor concentration reaches 36%,
The analyzers which monitor the various rooms and passageways will
sound ap alarm at 1. 8% concentration. After the alarm sounds, it is
necesaary to check the gas analyzer panel te determine which sample
point gave the alarm,

32, 20 psig Control - Low Air Pressure

33, Venting Methane to Mast

34, Low N3 Header Pressure

35, Atmosphevic Nitrogen Heater Outlet Low Temperature

36, Qdorizing Pump Stopped

37. Low Temperature Methane Heater Outlet

38. Fresh Waler Pumps, High Suction Temperature

39, Gas Detector Failure - Indicates power failure to the gas detector,

40. lmpulse Air Low Pressure

Exhibit 12. continued
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LNG/LP5 FVENT CHART - NORMAT OPERATION
Phase_I
72 Hour Advance MNotlce of Arrival {Page 2)
Appropriate Perszonnel and Organizations Notified (Page 2)

Message from Vessel's Master to COTP stating integrity
of vessel and cargo handling equipment (Page 2)

Fhase T1
Arrival of vessel at Broad Sound (Page 2)
Joint COTP/MIO boarding and inspection (Page 2 )

Permission to enter harhor denied
based on results of inspection.

Problems encountered during
inspection corrected.

Permission granted by COTP to enter harbor.
Appropriate agencies notified (Page 2 )
Security Breadcast (Page 2 )
Vessel enters harbor escorted by CG craft (Page &4 )
Yessel moors at facility {(page 4% )
Secure Security Broadceast
Phase 111
Hook up monitored (Page 4 )
Transfer operatlons commence
Transfer operations monitored (PageIS }

Transfer operations completed
Phase IV
Vessel has cargo aboard Vessel has no cargo aboard
Appropriate agencies notitied (Page 5 )  Vessel departs harbor
Security Broadecast

Vessel leaves harbor under Coast Guard escort.

Exhibit 13. (LNG-LPG Operation-Emergency Plan, Port of Boston, USCG, Feb 1976, pp. 1-5)
LNG/LPG Event Chart - Normal Operation
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PHASE 1: Notification and Arrival

1. The Tacility and/or the vessel's agents must notify the
Captain of the Port gt Boston at least 72 hours in advance
of the vegsel'sg arrival and again immediately prior to the
arrival of the vessel,

2. UYpon notification or arrival the vessel movement officer,
Marine Safety Office, Boston shall:

4. Insure that the vessel has a letter of compliance*

b. Notify appropriate Coast Guard personnel and keep them
informed of all developments.

C. Maintain g daily update of vessel's estimated time of
arrival.

d. Psass any unusual or additional information to interested
partiles,

€. Arrange Coast Guard Boarding parties, escort detail and
monitoring detaiz.

3. The day prior to arrival of the vessel, the vessel moverent
officer shall;

2. Prepare a security broadeast*

b.  Fotify pilots, Boston towboats, appropriate fire departments
and all major bort facilities of the estimated time of harbor
transit and any special reguirements affecting harbor transit.

L. Prior to the vessel's arrival, the nmaster shall send a message
Lo the Captain of the Port, Boston stating that:

"To the best of my knowledge and belief there are no known
casualties to thigs vessel or its machinery whieh might affect
the sag worthiness, I further state that a1l arynpenic
handling and detection equipment is in proper cperating
condition, ard hag been opérating for the duration of this
passage.

PIHASE I7: Transit

5. LNG/LPG vessels arriving at the Port of Fostlon shall mainptain
a radic guard on Channel 13 (156.65MH2) and Channel 16 (156.8vHZ).

6. The vessel will normally be requested to anchor in Proad
Sound pending an inspection by Coast Guard personrel. LRG/LFG
vessels having a current letter of compliance and satisfying
the requirements of this Plan. may be authorized to anchor at

i .

Exhibit 13, continued
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Anchorage 2 In the northeast quadrant if the weather and sea

conditions preelude s boarding and inspection in Broad Hound.
Permission to use Anchorare 2 will be granted by the Captain
of the Port of Testloun on a4 case by case hasis.

7. While the LNG/LPG vessel is at anchorage, a live bpridee
watch shall be maintained. A round of bearings fixing the
vessel's position shall be taken zrd recorded hourly followed
by a report every four hoursz to Group Boston on Channel 16FY
stating that the anchor is holding and operations are normal.
in immediate report shall be made to Group Boston if there is a
elgnificant change in positicn or problem aboard the vessel.

B. The vesse) may enter the harbor only after an inspection by
Coast Guard personnel representing the Captain of the Port of
Boston has been held and a transfer permit has been issued

(CG Form “260). This inspection will normally take pilace while
the vessel is anchored in Rroad Sound. Should =ea conditions
treclude a sal'e boarding, the LNG/LPT vessel may be required

to maintain maneuverability and provide a lee for the boarding
party.

9. An LNG/LPG vessel must have its eryogenic sensing and
indicating instrumentation in operation while the vessel is in
8. waters, The master of the ship must be rrepared to
demonstrate to the COff boarding team that the cryogenic handling
equipment is in proper working order. A copy of the check list
used by the Coast Guard boarding teum during their ingpection is
included as encicsure (&).

10. The wvessel shall have on board a cylinder of properly
certified span gas* for testing the gas detection system*.

11. The vessel may enter the harbor only during daylight hours.

12. The vessel may enter the harbor only during periods of good
visibility. If the vinibility is less than two miles, the vessel
skall:

a. If at sea or in Broad Sound, not enter the port.
b. If underway in the hartor, the following applies:

(1) If entering the harbor inbound for the Mystic River
and not yet past the Fort Point Channel, notify Cuast Guard Group
Boston on 16FM and proceed with caution back to Anchorage 2 or
Broad Sound if Anchorage 2 is occupied.

(2) If entering the harbor inbound for the Mystic River
and at a polnt east of the Fort Point Channel notify CG Group
Boston on 16FM and continue to the ship's berth.

(3} 1 outbound from the Mystic River, notify CG Group
Bostcn on 16FM and continue outbound.

Exhibit 13. continued
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(%) If inbound for Commercial Point Dorcheaster and not
yet to a noint cppozite buoy number 3, notify G troup Boston on
16FM and praceed wi<h caution to anchorage 2 or Pread Sound if
anchorage 2 |g ozeunied,

{(¥) If inbound for Commercial Point Dorchester and past
buoy number 3, notify cg Group Boston on 16FM and continue with
caution to the ship's berth.

. (6) 1f outvound froem Commercial Poind Lborchester notify
Ch Group Buston on 16K ard continue curbound.

(7) When notified on 16FM thut the vessel 35 turning
around ang refturning to anchorage {eitker anchorage 2 or Broad
Soand), cg Group BHoston will make an irmediate security brosdeast
on L6FM.

13. Vessels transitting Dorchester Bay may do zo only within
two hours of high water. .
1%. The vessel will not begin transit of the harbor until the
U.8. Coast Guard eseort vessel arrives on scane.

15. The vessel will transit tke harbor witkin a meving safe
area. This concept has been gaeveloped in order bo avojd
erossing situations involving the LEG/LIG ship and other vessels
in the harbor.

16, A1l vescels in the harbor are required in obey certalin rules
while a vesszel Lrarsporting LNG/LEG 1s urderwa; in the harbor. &
detailed deseription cof these rules is contained in Apperdix III.

L7. The vessel must moor bow to seaward and he jrepared to get
underway on short notice should an emergency occvur. They shall
also have two cable meoring lines at the water's edre on the
outheoard side of vessel for erergency hook-up if the need shculd
arise.

PHASE I11: Dlscharge

18, HNo cargo will be offr loaded prior to the satisfactory com-
pletion of the Coast Guard arrival safety inspection*.

13. VYenting gas to the atmosphere is not permittad in port;
however, tothing in this instruction should be implied to require
or authorize elimination of installed ship safety cquipment.

20. All cargn operations rust cease {f electrlical storms are
present. Hoawever, cargo transfer connections should be maintained.

21. If interpreters are not available, all =hip's perseonnel
direectly involved in the transfer operation zhall readily speak

Exhibit 13. continued
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the
22.

the
and

23.

terminate.
detaill are contained in Appendix II.

departure to the CG Group Boston OCD* and inform him of any
changes in this time of departure.

PHASE I¥: Departure
24. LNG/LPG vessels departing with full or partial cargoes wijl

follow the procedures set forth under Phase II - "Transit".
LNG/LPG vessels departing with no cargo aboard are exempt from
these regulaticns.

English language.

The U.8. Coast Guard will have personnel on scene to monitor
transfer coperation. Upcn completion of the transfer operatiorn
#hen all hoses are disconnected, on scene monitoring will
Detailed instruetions to the Coast Guard monitoring

The vessel or agents will provide the estimated time of

Exhibit 13. continued
Figure 4-14 A Typical lLoading/Unloading Arrangement
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Exhibit 14,

{Loading/Unleading Schematic, LNG Manual, National Maritime Research Cenmter,
July 1974, p. 99)
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FEDERAL POWER COMMISSION-ORDER 418
(lmued December 18, 18723
STATEM_ENT OF GENERAL PCLICY TO IMPLEMENT
PROCEDURES FOR COMPLIANCE WITH THE
NATIGNAL ENVIRONMENTAL POLICY ACT
OF 1649

§2.00 Detslled Environumental Statemant,

{a} It shalt be the gencral policy of the Federal Power
Commimion to adopt and to adhere 1o Lhe objectiver and
aints of the MNalionsl Environmental Policy Act of 1969
{Act) in i regulation under the Federd Power Act and
the Notural Gas Acl. The Mational Ervronme-ntal Folicy
Act of 198D requiren, among other things, wll Fudera)
egencies to include a delaided envircnments) talrmient
in every recommendation o report an proposals for legis
Iation and other mutor Federnl actions nEniflicantly aifect-
ing the quality of the human ERY¥ironMenly

(by Therefore, in corrplance with the MNational Eavirnne
mental Folley Act of 1969 the Commismon sialt shall make a
detalled  environmenatal statement when the regulstnry
aclinn takten by us under the Federal Power Act and
Natural Gas Act will have & significant enviro nmental dmpact,
A "detlailed statzment’ prepared tn comphance with the
requiremnents of i+ 2B throwgh 2.8% of this Part shall hully
develop the five factore Listed hereinafter in the conlext
ol such consderations aa Lhe proposwrd activily's direct and
indirect eftect on the mur and water environment of Lhe

1] ar KAk tacilily: on the land, ae, and
waler biota: on established park and eecrestional ATEAY;
and on muves of netural, historic, and scenic values and
rescurces of thr ares.  The stalement shall discuss the
exlent o! tbe contormity of the proposed activity with
wll Licatil nvi lal slandards, The sialement
sall also fully deal with aliernative courser af 3etion Lo the
proposal and, to the maximum rxtent practicable, Lhe
tnvironmental effects of #ach alternative.  Further, it shall
wecifically discust plans for future development relnted
1o the application under congideration.

The above factors are Listed 1o merely slustraie the
kinds of values thet must be considered in the sLElEment,
In no respect s this listing to be conctrued as covenng all
relevant facton.

The five factors which must be specifically discussed
n the detailed statement are:

{1} e environmental vmpact of the proposed
action,

(2 any adverse cnvironmental effecis which
CARNOL be avoided should the proposal be
implermented:

{2y alley i tr the proposed action,

4) the retationihip betwren tocal sharl-lerm
uses of mar's envirnnment and the munte
nance and enbancernent of long-term pro-
ductivity, anc

[£3] any irreversible and Lretnevable commit-
ments of resources which would be involved
in the proposed action should it be imple
mented,

() (1) To che maxumum exlenl practicable ho final adrrini-
trative acilon i Lo be laken saoarr than unely dayy after a
draflt envuonmental statement has been circulated for com-
ment of thirty days after ¢he final text of an environmental
Hatement hay Besn made avalable 10 the Council on Enw-
ronmental Quality and the public.

(ed ti) Upon a finding thal it 13 necessary and appropriate
in the pubblic wntrrest, ihe C istion may di wilh
any tlme pericd specified in 41 2. BO-2 82,

5 2.8} Comp with the Nativral Environmenis) Policy
Act of 1969 under Part [ of the Federn] Fower Acl

(a) Al appligstions for major grojects (Lhose tn exoeis of
1,000 horsepower! or for reservours only provichng regu-
istory flows 40 downiteam {major} hydraslectric projects
under Fart 1 of the Federai Power Act for licens or
relivenne, shall be sccompanied by Exhubnt W, the apphoant's
detailed  report of the ervueonmentsl  factors specilied
w §‘2,80 and 441, AU spplications for susrender or
amendment of & Licenss propoxmng constructicon, or operk-

ting change of a project shall be sccompunied by Che
spplicant’s detsiled report of lhe enviroomental factors
mecihed in 3 280, Nolice of all such applications shall
tontinue o be ade as prescribed by law. .

(b} The statf shall make an irutial review of the applicant's
Teport and, if ¥. require licani 1o defi-
¢lencies in th: report. [f the proposed action it deler
mined 1o be & major Federal action significantly nffecling
the quulity of the human cnvironment, the wsff shal}
conductl a deiailed ndependent analvas of Lhe sttion and
prepare n drafll snvoonmental impact statement which shall
be made available ta the Council on Enviconmental Quabty,
whe Environmental Proleclion Agency, other sppropriate
fovernmenial bodies, and w the publbe, for comment.
The statement shall alsa be served an ali parties 10 the
proceeding, The Secretary of the Federa) Power Commsuon
=hall caust prompt publcation in the Federal Repster of
notice of {he avadability of the staffs draft envrunmental
statement. Written romments shall be mads within 45 dava
of Lhe date the notice of availability appears in the Federa)
Regicter, If any governmental entty, Federal, stase, or local,
or any member of the puble, fals W comment within the
lme provided, it shall be assutned, absent » request for a
sproafic extension of Gme, Lhat such eatity or person hes an
comment lo make, Extensiong +f bne shall he granted only
Tor goud cause ahown. Al enuties filing commenis with

the Commnaon will submit 1en comes of such commenta
o the Uouncll on Envisonmental Qualily. Upen expuration
of Lhe time lor comment the stalf shall consider all eom.
ments rroeived and revise a1 necesgary and  fnabaze ity
eavironmental ympact stalement which, together with the
COMMents recerved, shall arcompany the proposl through
the agency review and Aecimin-making process and shall
be made avajlable Lo the parties 1o the procreding, lhe
Uauncld on Enviroomental Quality. and the public  In the
fvenl Lhe proaposal is the subjecl uf a hearing the stalf's
enviranmentat statemrent will be placed in evidence nt that
hetaring,

) Any person may fde 3 petition to intervens on the
bams ol the staff draflt epvronmental  statement. Al
inlerveners taking & posttion on environmeniab malters
shall file Limely comments, in acconlance with garagraph (b)
of this seclion. on the draft siateinent with Lhe Commissian
nchuding, bul eot Lmited 10, an analvsis of iheir environ-
mental position n the conlest of the factors snumerated in

280, and specifying any difirreness with stall's ponban
upin which infervensr wishes (o be heard. Nothing herein
shall preelude an wntervener tenm filing w detajed environ-
mental impacl slale ment.

tdy Inihe cusc ol pPach contested application, the applicant,
staff, and all intervencrs tuking a position on ravronmental
matters shall affer evulenre for the record n suppur of their
rovronmental positich,  The applicant and all xach inter
veners shall speeily any dilferences with the stafll's poslion,
and shall wnclude, amaong olher rebevant factors, a digeussaen
af Lhew position »n the conlext of the lartnrs enumeraled in
82,80,

(e} In the case of rach conlested apphealion, the nitial
and reply hriefs Dled Ly Lhe applicant, the stafl and sl
intervensrs taking a pastion on ranronmmental matters
must specifically analyre and evabuale the svidence in the
Ught of the enviroamental crtena enumerated in 4 2 80,
Furthermare, the Iniual Decsion uf Lhe Presding Admune
sirative Law Judgre in such cases. and the Linal order of the
Commission dealing with the apphestion on the merits in
all cases, shall inclutde an rvalualion of the snvironmental
factors eoumerated 10 £ 280 and the views and Lommenid
expresced in ronjunction therewith by Lhe applicant and
all those making formal comment pursuani Lo ihe pro-
vimons of this sectwon,

Exhibit 15.
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282 Complisnce with the National Envirorsmental Poliey
Act of 1963 Under the Nalural Gay Act.

far AU cerulicate applicatiuns fled under Secuon Ticd
of the Natwral Gas Act (15 [15(, TiTlic})y fur fbe con-
Hruchion o! pipeline laciters. racepi abbreviaped appl-
cauens fied pursuant to Seclions 157.7(h). e} and td)
afl Commisson Regulations and producer appleationg For
thre sade of gas fued purmrant 1o Sections 1A 2129 of
Commssion  Regulatings, shall be arcaompanged by Lhe
applicant's detaided treport of the sovironmental factors
gpecihied in § 28D, Notce of ali guch applcations shall
rantinue 10 be made as prescnbed by law.

(b1 The naff shall make an rubisi review of the appleant’y
regort and, o necesary, requure applicand io correct defi
clencies in the report. I the propused action 3 deter
mioed to be 1 major Federal action sgnificanily alffeeting
the quality of the human environmenl, the stafl shall
conduct 1 detailed Independent analyws af the aclion wnd
prepure 2 dreft environmenial ympect falement which
thull he made avallablé to the Councll on Environmental
Quabity, the Environmenta) Protection Ageney, other Appro-
pruate governmenial bodies, and to Lthe public, for comment.
The statement shall alsu be served on &l parties to the
proceeding. The Secretary of the Fedrral Pawer Commisyon
shall caust prompt pubbeation in the Federal Reguter al
nehice of the svalability of the slaff's draft environmentsl
statemenl, Wrifien commenis shall be made wilhin 45 days
of the dawe the notice of avallability apprary b the Fedecal
Regster. [f any governmenta entity, Federal, state, ar local,
or ahy member of Lhe publc, faUs to comment within the
lume provided, 1t shall be aseumed, abeent » request for o
cpecific exiengion of time, that nuch enlity or person hay
no comment 1o make. Extension: of tune shall be granted
only for good cavse shown., Al entitey MLng commenty
with the Cammission shall subml ten copies of such come
menis ta the © il un Env nial Quality. Upnon
explration of the lme fur comment the stalf shall conmdey
wll comments received and revise us necessary and finalize ity
envIfonmenial impecl slatement which, togeiher with the
comments received, shall accumpany the proposal through
ihe sgency mtview and decimon-making process and shal
be made svaidable to the purties to the proceeding, Lhe
Council on Envoonmental Qushily, and the public. in Lhe
event the proposal i the sublect of a heanng, the awff's
envirorurental statement will be piasced in evidence at that
hearng,

{c) Any psrson may flle 2 peulion to intervene on the basiy
al the staff drsft envisanmentul stalement. Al inter-
venerl taking a pogition on snvironmental mutlers shall fle
timely comments, i accordance with paragraph (b) of thax
sction. on the draft stalement with the Commismon
wcluding, but not bmited to, an andysis of their envirun-
mental powlion n the confext of the lactors enumersted in
§ 2,80, and specifying any diifersnces with stafl’s position
upon whicrk intervener wishes Lo be bewrd. MNothung herein
shali preciude an intervener from tiling a dewiled environ-
manlal impeet atement.

{d) In tha cass of eart contested application, Lhe appli-
cante.saff, and all interveners tabking a podition on environ-
mental matters shall offer evidence for the record in wuppan
Lol their envi | positi The appli and all puch
interveners shall epecily any ditferences with the stafi's
position, wnd shall kneluds, among other relevant faciors, a
digeumion of thelr postion in Lhe context of the tactors
tnumarated in€2 30,

(¢} In the camt of each contested spplication, the injlial
end reply briefs filed by the applicant, the staff. apd all
interveners taking s pomt un envi tal mislters
musl mpecifically analyze and evaluate the evidence in the
Ught of the savir tal ecriteri d in § 280
Furthermore, the nitial Devigon of the Premiding Adming-
sirative Law Judge in such capes, and the final order of the
Commisglon dealing with the spplicstion on the merita

in all cases. shall include an evalualion of the environmenial
factory enumersied in § 2.80 and the views and COMMENnly
txpressed kn copjunction Lherewilh by Lhe applicant snd
all thos: making format comment Pursuant Lo the provigons
of {his section,

FEDERAL FOWER COMMISSION

RIJLES OF PRACTICE ANL PROUCEDURE
1B CFR L8 lnlervention

“ia} Imitiation of Inbervention. Participation in e PO~
coeding as af intervener may be Initisted a3 Ffolows:

{4) By the filing of & notice of Lnlerventlon by a
Slate Commimdon, inciudiod any regulatory body of the
Siale or municipality having jurisdiction lo requlate tates and
chargen for the sale of eleciric energy. or natural gay, as Lhe
capr mey be, 1o consumers withun Lhe ntervenung State or
municipality .

(%) By order of the Commumoen upan peuition to
intervens. .

ib) Who may petiien. A patiton o Latervens myy
be filed By any person clrning & NEhl to mtervens AT ah
intarest of pick nature thal ntervenlion U necesldry ur
appropriale 1o the administratacn of the statule undes which
e proceeding i brough!. Such rght ar interest may be:

iy A right conferred by statulr of 1he Uniteld
Siates;

{2y An interest which may be dizectly alfecied
and which is nol adegustely represented by eristing jrarlacy
and mx tor whirh gelilivners may be bound by the Compas
mon's aclion wn the praceeding (Lhe foliowing may have such
wA nterest: conmumees served by the spplbcoant, defendant,
or reqpundent; halders ol secunties of the applicant, defend-
anl, or reapundent, and campeutors of the appleant,
delendant, ar vespondents.

(k1] Any olher interest ! guch nature  that
petivioner’s participalion may be in the publc interest.

(e} Form snd contents of pelitions. Petitions 10 wntervens
shall set out ciearly and concisely Lhe facls from which the
nature of the petittonet's alleged nght-ur nteyest can be
determuned, the grounds of the proposed antecvenlion, and
the pomtion of the petilioner in ihe procecding, s as fully
uwnd completely o advise the partics and 1the Commigion .
to the mecific msues af fart or law (o be mused or contro-
verled, by admitting, denying or otherwus answenng specih-
cably and in detmil, each material allegation of fact or law
susried in the proceeding, and citing by appropriate refer
Eher (Re slatulory Drovimons or other authonly rebied onc
Frovided, that where Lhe purpose of the provosed inter-
venbon 13 to obiain an wipestion of naturad gas for wie and
dirtribution by & person or municipality repaped or jegally
authonzed to engdge in the lucal distribubion of natural or
artificaal pas Lo the public, the petiton shall comply wikh the
requurensents af Part 156 of thas chapter (Le.. Hegulatnng
Under the Natural Gas Acl).  Such pelitivns shall 1o other
rerpects comply with Lhe requirements of 115 to 117,
inelusive.

dr Fuing and service of petilions. Pelitions to Litervene
and notices of anterventon may be filed it any time Tollow-
ing the filing ol a nolice of rate o7 1anH change, of of sn
application, petilion, complant, or other document seebung
Commission aciion, but in ho #vent later than the date faxed
fur Lhe filng of petitions Lo intervens in any under 01 nolce
wilh regpecl to Lhe pracecdings 1sgued by the Commussion or
s Secrelary, unléss, 1 extraonlinary citeumslancss for good
chust shown, the Commussion authorizes a lale fling.
Service shall be made as provided in §1.17, Whetr a person
hix been permitied Lo intervens notwithstanding hus failure
to fibke hiy petition within the time prescribed n this para-
gtaph, the Commsmon or officer desmgraird 10 prende may
where t(he circumsiances warrant, perrnit the waiver of Lhe
requirements of 4. 260cH5) with reapect to copies of exhibils
tur sueh intervener.

{t) Angwers Lo petitionr Any party 1o ihe proceeding or
raff'counsel may (e an answer (o a petition Lo ke rVEne
wnd in default thereol. may De deemed Lo have waived any
ebjection to the granting of wach petidion. |f made, anpwers

Exhibit 15.

continued
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shall be fibed within 10 days after the date of service of the
petilion. but nol Ister than & days prior to the date wi far
the commencement of the hearing, if any, unleqy for cauwe
the Commimmon with or without motion shall perscribe &
different tume, They shall in al) other respects ron torm 1o
the reguirements oty 158 1o 1.17, inclusive.

(f) Notice and sclion on PElitiong

{1} MNotice and servire. Petitions (o intervene,
when tendered to the Comenimion for tiling, shail show
wrvice Lhereof upen all participants to the procecding in
eonformity with 41, 17{b),

{2) Action on prlitons, As soon ma Practienhle
aftar dhe expirslon of the time for fing anywers o much
petitions o default thereo!, ua provided in paragraph (&) of
this section, the Commismion will grant or deny such pelitlon

Exhibit 15, continued

in whole or in PAML O muyy,

Permitted by the Communon after opportunity for all
pardes to oblect therewn. Only to svuid detriment to ihe
public interest will any preading uilicer lentalively permmit
Prriicipatien in a heanng in advance of, and then ondy
rubiecl Lo, the ETanting by the Commismon af & petitlon to

intervene.

(B} Limitution in heanngs. Where there are two ar mors
interveners having substantially hke interests and positions,
lbe Commiskon or prending oificer may, in order to ex-
prdite the hearing, rTange appropnele Lmitattons on Lhe
Aumber of stlomeyvs who wili be permitted 1o CrA-eXLTIiNE
and muke and argue mutions and objections on behalf of

such intérveners,

U found 1o be ippropriate,
autharize Limited Participalivn.  No Petitions to intervens

I
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Figure 3.1

Exhibits 16-19

EVENT REPRESENTATIONS

The rectancle jdentifies an event
thet results from the combination
of fault events through the taput
logic gate,

|

The circle describes s basic Tault
event that requires no further de-
velopment . Frequency and mede of
fellure of items so identificd are
derived from empirical data,

The triangles are used as tragsfer
symbols. A line from the apex of
the triangle indicates a trapsfer
s wnd & line from the side deootes
n transier gut,

The diamond describes o fault event that
15 considured basie in a grven fault tree,
Tbe possible caunes of the event are not
deesioprd vheirher beeause the evcnt is

of insulfleirnt consequente or the
necessary information is unavailable,

Fault Tree Symbolism

7

(SAI Fault Tree for leak in ship's tank during transfer

The house is used as a switeh to
in¢lude ar eliminace Farts of the
fault t(rce as thuse parts may or
Eay hot apply to certain situations.

LOGIC CPERATIONS
Sla e LA L IDNG

AND gate describes the Jogieal
operation whereby the coexistaoce
of ail Input events ix required to
produce the output cvent.

)

OR gate defines the situation
whereby the output event wiil
exist il one or more of the input
BEVeRts cxistg,

8

IEMIBIT gates deseribe a causal relatian-
&hip between one fault and another. The
input event directly produses the cutput
event Af the indicated condition i5 satix-
tled, The conditianal input defines a
state of the system that poarmits the

fault sequence o occur, and may be elther
norGal to Lhe system or result fzom
fnilures,

- symbalism,
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SEQUENCE UF RESPUNSES TO DETECTOR ACTIVATION
RESPONSE AT EACH LEVEL

TERMIML ;,méﬂm SENSOR TYPE QF ALARM

1. Vaporizer Area Gaa detectars 1. 35% of LFL, alarm.
2. 65% of LFL, alarm. Bemote and local
manual shutdown of vaporizer

Low Temperature 1. Alarm. Remote shutdown of vapor izer,

Detector (Grade Remote apnd local manual actuation of
Level} expansion foam system.

UV Fire 1. Alarm, BAutomatic actuation of dry
Detectors - chemical and/or expansion foam system

with manual overrides. Remcte and
local manval shutdown of vaporizer
and associated eguipment .

II. Pump Area Gas Detectors 1. 35% of LFL, alarm.
d. 63V of IFL, alarm. Remote and local
manual shutdown of pump,

Low Temperature 1. Alarm. Remcte and local manuval shut-

Detector (Grade down of pump. Remote and local manual
Lavel) - activation of high expansion foam system.
UV FPire 1. Alarm. Automatic actuation of dry
Detectors chemical and/or expansion foam systems

with manual override. FRemots shutdown
and lacal manual of pump and associated

equipment.
III. Unloading Dock Gas Detector 1. 35% of LFL, alarm,
Area 2. 65% of L¥L, alarm. Bemote and local

manual shutdown of wloading system.

Low Temperature 1, Alarm, Remote and lecal manual shub-

| Detectors down of mloading system.
| UV Fire 1. Alarm. Remote and losmal manual actua-
I Detectors ticn of dry chemical and/or eXEansion
| foam systems, shutdewn of unloading
System,
V. Compressar Area Gas Detectors 1. 35% of LFL, alarm.

2. 65% of LFL, alarm. Bemot e and local
wmanual shutdown nf CUMpressors,

UV Pire Alarm 1. Alarm, Manual eperation of dry chemi-
cal unit, remste and local manual
shutdown of compressors,

V. Tank Relief Vents Temperature L. Alarm. automatic operation of dry

Rise Sensor chemical fire extinguishing system.

¥I. Bellows in LNG low Tenperature i. Alarm. Remote manual operation of
Transfer line fram Detectors shutdown sequence for unlioading line,

Dock to Tanks

Exhibit 20. (Table 25, Pacific-Indonesian Project DEIS, FPC, Bureau of Matural Gas, May 1976,
p- 158} Sequence of Responses to Detector Activation
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Table B.6.6 Probability of Dccurrence of Calculated

Fatality Levels

L Probability aof Ocvcurrence
Fatalitics Per Year, All Cases

1 - 100 5.7 x 10713

100 - 1,000 3.8 x 1077
1,000 - 2,000 2.2 x 1077
2,000 - 10,000 9.9 x 107°
10,000 - 20,000 1:9 x 10711
20,000 - 30,000 6.1 x 1074
30,000 - 40,000 6.8 x 10719
4p,000 - 50,000 5.4 x 10723
50,000 - 60,000 2.0 x 1070
60,000 - 70,000 8.9 x 10 %8
70,000 - 80,000 3.5 x 10740
80,000 — 90,000 2.0 x 10741
90,000 - 100,000 3.2 x 10749
100,000 - 110,000 7.4 x 107°7
116,000 - 129,000 7.7 x 10~77
Maximum 113,000 1.4 x 10°°7

Because the population distribution increases signif-
icantly beyond the first kilometer from the land-based
site, and because conservative assumptions have been
used for radiation exposure, there are few postulated
accidents that would result in fewer than 100
fatalities (these result primarily from the relatively

distant shipping accidents). Thus,

the calculated

probability of 1-100 fatalities is much lower than the

probability of 100-1000 fatalities.

Exhibit 23. (SA@ Table - Fatalities/Year FProbability, p. 8-169)
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/I_'cs:-a than 10710

Less than

7

1oawia”

o 1 2
Mﬁ
Scale (km)
Figure B.6.1 Contour Mup:  Estsmared Fatalitieos Per Purson Per Year, a1l
Spa 1l Loearions Combined

Exhibit 24.

{SAI Conour Map. [Estimate Fatalities, p. B§-168)

¢1) Example caleulation of the wage subsidy per diem rate and wege subsidy percentaga rate

AL Steamship Cu., T8-8-101e— Worldeide Servires

[Calenkution of wage MLhddy rutes ||

Awversping n
Tawe  literbn U8 wape Collrtfve Application of DL hnder ine ity LITT dutidlr.
I 1= rionl fanaly A Lo ] v LN EV R Approprinte linita prealesl Al wage
Tl it Cinls
LRl YA NeMw LML g YRR
i L 2425 ZEM I Z6H AT R =2 RA1 A4 X U G4 3. 4 185 Ten 0y
LR A, 2005, 1 T
BEE BMIAU LIPLGB AEMCMXINISIURIL . 308010 A WRE e w
LA TESL I N T LR N [T A Tl
YLk canipurollan Iy besed an o hew vz sntenne srhadlze) srrPien i July LyTs,
b pwezred for €A4DENE PURfRses only
Exhibit 25. (Sample Calculation of "Wage subsidy per diem rate", 46 C.F.R. 8 252,31 (j),
1 Oct 1975)
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| ‘37 Example calculatiem of maintenance and repatr subsidy rate.

| O S ek O, Frel B8-S0 Veasel-- War ldutide NEtlfres

| [0 Mzt cf 5 henaner i ke o aril o prties s by vale eyioadar yeor 11774)

i Festpihnan of seears Tererntign  1'eopst - Lamyet. Wephied
| ST TR TR R I PN . E— vinal RN Lt werght difMerential
i oty cvreent afevenrial i et fuwtin el
H sttt Pz b
Japren w3 @z B s
| . i 13 " it - -
| —_— . - .
1.1 Timl - R TR 4 K1n
Witway Moty L. 15 N _
Setheanals oL L i R -
| e T W Wy T .
N Prasad seates o0 L0 Rl It .
Tl 3w a1 ol

el Kengdeew,
RITON NS T TE

sl = ey

LI FIT IR O P TEESY PP,

; Juaral 115 Hodm
Temal L. . rrmaa e P 3 355
| sulosiy ek o0 e meeeeaa L 4~ 37

Exhitit 26. (Sample Calculations lecading to 'maintenance and repair subsidy rate",
46 C.F.R, § 252.32(e), 1 Oct 1975)

ing 15 an example caleulution of the hull  in the British market:
and muachinery insurance rate for an

ABC STEAMSHIP COMPANY, IRC., T8-5-101c¢
VESSEL—WORLDWIDE SERVICES
Calendar Year 1974

! !, Eligible premium oosts. ... ___. . $200. 000
| 2. Composife foreign premium cost
i (1Y Forelgn premlum cost

A Huil and machinery coverage

‘ ¢l Erample calenlation. The follow-  operator who insures his vessels partially

Amount of totul coversge. | ____ . _____ . L... . 88,000, 000
Average premium rate (o British market_ o ___ . __ .. ... 2257
Premium cont in British markel . .. .. [ - $180, 00)
B. Increased valite cuverige
ARmBint of 10TAl coverage_____._________.  ______ L £2, 000, 000
Avera e premium rate lu British markel _ . . I 625
Premlum cost In British marker_. _ _ . _. . A 212 500
C. Excess Habillty coverage:
Amroant of wtal coverage. ____..____._______ ____ .. ---. #3000 0dQ
Average premium rate in British market. . e 169
Bremium cost 1 Brivish market_______________ e el &4, 500
D. Forewn preniium cost__ ... ... ... ___ _ . Cee o F197,000
(1M Adjusted particular average portton:
A. Parvicular average portlon:
Hull and niachlinery portion $180.000 less estlmated total loss
premium of 840,000 (8.0040,000x 507, 1 times particular average
factor of o __ . el Ll . o $58, 000
B. Adjusitment facior:
10U less miintenance and repalr subsidy rate of 38379 61, 63%
C. AdJusted particulsr average portion__ 850,397
(i1ly Foreign npremium  cost ($197.000) [ess P
(segoooy . T 459, 000
v} Composite foreign premium cost_ . - . . L. 8159, 397
3. Subsidy rate :
..... Tt el Ll .. 20 304
$200,000 — 8150397
200,000

Exhibit 27. (Sample Calculations "hull and machinery insurance subsidy rate”,
46 C.F.R. 8 252.33(e}, 1 Oct 1975)
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{&) Example calculation of protection
and indemnnity subsicdy rate:

ABC Steamship Co., Ine., TS-8-191c Vessel — WV apldwide Nervis

[Retirininn o ol protection and totenont g s vase lsedy race, 1TH

Linted States

Japan Nurway Unried Kingifan;

Crew hatllity_ |
AL Loer Labylin

Cost Ailferential (1

foarelpneosty.
Duweiphited ditferentinl -
Catnrwiition weight foctor,
Weiglued Jitfezential

4 0l T78. ewt uwer

Surn of wehglited dierentials. ... .
Bubsldy rate___

S . R TUN Y
i Lh

i 1 2l
1 [
LR 41 LU
A 311
b BT,

' Teterminrd hy appl wing 84

t tortotal net prerutune cost pet i, e, of $1.60, reporten on form Mo
FOrew dialalivy dutiorbtase d by Maritime AdbneTrative,

Exhibit 28
1975)

(Protection and Indemnity insurance subsidy rate, 46 C.F.R. § 252.34(g), 1 Oct

72 Redief Drevices Beewees Shutof Valves

7. A refief valve shall be instalied between each pair of shutal
_valves en liquid piping and cther equipment such ay heat eachang.
ers of process crums which may contain lquid.,

708. The requirement of 707 may be reduccd by the rate of va.
perization which results from minimum normal heat giin (an the
taldesk day and with low liquid level) to the contaider cornin
A gas repressuring line with suitable contre! and source of mas sl
be provided when required to avoid drawing air into the containrr
The use of a gas repressuring system shall not obviate the s of
vacuum vaives to admit atmespheric air in an emergency.

31, Aboveground LNG Containers

310, The minimum clear distarce between aboveground LNG
voptainers shall be one-lourth of the sum nf the diamerers of ad-
Nt eontain s,

31t Buildings shall not be loeated wiiki Ad area surround.
mroan LSO contamer or rrarer than 1o a contarrer (see
301 This dues not apply to rencotnbustilde valve, PUmip or meter
ERCIOSUPES OT SIMALT structures,

312, ‘The minimum ciear distance Irom the edre of an above-
ground LNG contairer to the nrarest impartant buiiding or group
of buildings nat amociated with the LNG piant or to the owner's
property line or public way thall be 200 feet and in no case shall
the clrar distance From the dike surrounding the abaveground LNG
container be less than 100 feet from the tiearest important huilding
or group of buildings or the owner's property Line or public way.

#61. LNG storage containers do not require lightaing protcting
{sec Lightning Fratecuon Code. NFPA No. 78

462,  Electrical- groundmg and/or bonding shali be provided 2
required by 340 and 68130 Static Elearricite, NFPA Nu.
National Electrical Coge, NFPA No .

461 In the case of undiked abovegraund comlainoes, fmd
equipment shall be located at least 100 feet frous such coatid
and at least 100 oo freqi any prebable path of liguul fiow
wpographical enclosure aad from any such eaclosure.

i3 Fined equinment. eseluding vabcieets eee Bl aml nid
lerated ir 2 building, shall be separated from all cormpartmealy o
roLms rURLNDInG process ciquipment hasdiing" LNG ar hieh pirw
sure s by 4 woll of whetantially norcombustible matecial ard
vAPOTUZhe constiection.

61, Indireer-Fired Vaporizers

GI0. The heating medium lines enterinr and leaving the LNG

ing heat exchunmer shall b provided with suilable nene
miing the low of vaporized was into tae heat tuisler
i the event of tuhe Fiure i the vapariser,

svstem

G2l Dircettired vaporsers and direcifired jecess heaters shall
e Jocared in accordunce with 161 and 464} and ot Teast 106 Foe
froan a property line which can he buslt BILTY

F01. At least one aclicf valve on an LNG rontairer sha'i he g
1D Cpen at a pressure not in excess of the container desima resue

F011. The vaive or valves shall have a capacity capable of nre.
venting an overpressure greater than 10 per vent above the desder
gage pressure while discharging the maximum flow that czn arie.
nate from:

‘2! normal heat zain from ambient conditions through t:e
insulation and container fittings, '

{b) flash vaporization of an incemning stream,

ic) operational upset such as the failure of a contrel device
which would permit the uncontrolled Sow of a liquid, vapor or va:
into the container,

:dl mormal drop of baromerde pressure, [ This can cause faek
vaponzation aod expansion duc to a drop of the absolute =resere *

Exhibit 29,
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T2

H ; [T bt el Be eRn et s ——r . . .
e I additionad selief vaises an Pl e |..|Il XUoa . 735 Prevent rnalfunction due to [reezmr{ or icing.
Albadl be set to LT PR AN DR TR LU ST < A T L] tha:, T4 [E
the desiga came pressure. The rar of discharge bor nre v 706, A fuli area stop valve mav be used berween the container

The tatal relie!

Liven A x A valve danar
foient to rewese the efffuy of oae that may reslt :
fire at an ourprassere no creater than 20 g cong aboue T
S gasn [Iresyure

M3 Al cdischarge vents feotn the salety relef walves ar commion
i rehares headers shall be installed anosech a manner as o

FOaL.

052

T0a3,
b donge

shall be so insialled as to prevent prssibie flame iy
the gentainers, piping, equipnient, and structures.

05+ Discharge in an area which:

{al Wil prevent possible fame impingement on Conlaines,
PREIRE, SUIpATETt, and Structures.

(b} Will prevent possible vapor entry into enclosed spases.

[ed Wil be aliove the bheads of personnel whe ay he on the
cantainer or adiacent containers, stairs. platforms, or eround

Lead o the open air.
Re proteeted against mechanical damage

Exclade or remove moistere and condensate. This may
by the uge of nose-ftting rue caps and Jinins, Drains
Mngerwnt an

and the relief valve for inspeciion and sepair purpases only when
are than one relief valve 1 provided B

“081. When a stop valve is provided it shall be locked or sealed
aper and it shall not be closed except by an awthoried pemon wha
weall remam statwated tere whiie the valve is closed and who shall
aeain Iock or seal the valve in the epen pesition before Jeaving the
vation. This valve(s’ shall not be closed when religuefaction
or ndier aperatieg systems which provent overpresere gre shuat

v,

7262, Only one stop valve shall be clozed 2t a linig.
ML A vazuum relicf velve or valves shall be provided to protect
the container against an excesive partial vacuum. This valve or
valves shall oe sized, except as provided in 708, to accommodate a
fleve which may resuit from:

7371, Withdrawal of stored liguid at the maximun rate,

IN¥I Wuhdrawal of vaper from Lhe container at the maximum
Tt O COTRTesser suction rate.

7073, Rise of barometric pressure. [This can cause contrmacting

of the gas or vapor due to an inerease of aheolute pressure in the

fdt Wil be above the possible water leval if froem undernseound
container.)

centainees where there is a possibility of fooding.

Exhitbit 29. continued

RISKS TO LNG PROJECTS RESULTING FROM LNG TANKER
OPERATICNS

(1) Experience With LNG Tankers

A 125,000 cubic meter LLNG ship carries about 2 trillion
Btu of energy when fully loaded. This energy represents a
hazard to the LNG facilities themselves when the ship is at dock,
to other shoreside facilities when the ship is in the channel or
harbor, and to other ships when at sea. If an accident occurs
which does not involve damage to the LNG facilities, the
temporary or permanent loss of the ship itself t¢ the trade will
have an effect on deliveries and, hence, the project.

Since the LLNG tanker trade is both recent in origin (1964)
and small in numbers of vessels (approximately 16), insufficient
operating statistics are available for predicting accidents in-
velving the forecast LNG tanker fleet of between 26 and 49 vessels
in 1980. Before estimating the potential of a tanker incident, it
is appropriate to examine the experiences of existing LNG ships.

Exhibit 30. (Booz-Allen Applied Research, Inc, Analysis of LNG Marine Transportation,

Listing of First Generation LKG carrier particulars, Nov 1973, pp. VII-Z to VII-5)
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To date, the operating experience with LNG tankers has
been remarkably good, There have only been minor dilficulties
in maneuvering of the ships with one reported accident. Some

Owners in April apd June 1964, respectively, The ships are
equipped with fr‘ee-—standing, Prismatic, aluminum cargo tanks,
In their 9 Years of Service, no LNG leak hag accurred in any of
the cargo tanks. After initia] operation, fractyres were
observed at the weld connection of a vertical bracket to 3
bottom stiffener in the METHANE PRINCESS . The connections
were reinforced on all nine tanks of the ship, Cold 5pots have

The JULFS VERNE, developed by Gaz-‘rransport, has
8-percent nickel stee] eylindrical tanks and has made over
200 voyages from Arzew to I.e Havre, with a fow 3pol cargoos to
Canvey Island, The only signilicant bceurrence that has Leen
reported on the JULES VERNE haa been a Serious deck fracture
Caused by 4 Cargo smil during the ship's second loading. The
Spill occurred as g result of overflilling when the Operaling
Crew Ylogt' the liquid level in the number 2 tank, T}, Liguid-
level Bauge in that tunk wag not functioning carrectly, ag the
result of a foreign body having lodged in way of the vertical
track of the flong, Other means of determim’ng Hqued level, if
dvailable, were pet torrectly used and the resulting overfijl
caused LNG to spill from the vent riser, fracturing the cover
Over the tank and the deck Stringer plate, Temporary repairs
Wwere made to deck and dome to allow the ship to continge
operation until the annual drydocking, at which time the affected
Structure was renewed,

The POILAR ALASKA and the ARCTIC TOKYO, which
employ the Gaz-Transport Inver membrane S¥stem:, have
eneountercd severg] interesting operational problems, but on
balance have been successfol. Onthe first ballast voyape of the
POLAR ALASKA, & cable tray on the pump supnort column

Continued

—_————
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Exhibit 30,

in the number 1 tank broke loose and perforated the primary
barrier in several locations. This damage was discovered
during the second loading, when a drop in temperature on the
secondary barrier and an increase in temperature between
primary and secondary barriers were noted. No gas wag detected
behind the primary barrier during the ballast voyage. The
cargo in the tank was transferred to others and the ship de-
parted for Japan with the number 1 tank empty. During the
gas-freeing operation in Japan, the space between the barriers
wag inadvertently pressurized, The primary barrier was dis-
torted during this incident and repairs were made in less than
3 weeks during drydocking following the ship's seventh voyage,
Reinforcement of the cable trays in the remaining tanks had
been carried out earlier.

On subsequent voyages, all tanks were stripped at discharge
and allowed to warm up naturally during the ballast voyage, to
remove altogether the possibility of darnage from liguid sloshing,
which was [elt to be a major contributing ‘actor to the cable
tray failure,

The ARCTIC TOKYQ also experienced some minor
difficulties caused by sloshing of liquid, During one voyage, gas
was detected behind the primary barrier in number 1 tank,
Examination of the tank was postponed until the next regular
drydocking, recently completed, during which the secondary
barrier and insulation were found to be in excellent condition.
The primary barrier showed one smali area, apparently in or
near a corner at which the leak referred to above sccurred.
This ship also has recently operated with tanks stripped during
ballast voyages.

The ESS0O BREGA class ships are equipped with double-wal}
frecstanding alurminum tanks, Operation of these ships thus far
has proven highly successful, No abnormalities in tanks on insula-
tion systems have been observed,

The EUGCLIDES is the first ship cquipped with spherical
tanks capable of carrying LK(:, The system employed on this ship,
which can transport 4000 cubic meters of cargo, is that of
Technigaz, using 9-percent nickel steel tanks insnlated with
plastic foarm. The EUCLIDES has carried about six cargoes of
LLNG, mainly from arzew to Boston., At other times, she has
carried other cryogenic cargoes (such as ethylene and butadiene)
in the Mediterranean. Operation has been highly suecessfut.
The first two discharges at Boston were carried out by pressur-
ization of the cargo tanks and without benefit of cargo pumps,
which at that time had not been installed on the ship,

continued
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The DESCARTES i the first ship to use the current
Technigaz tex-CONC!H OCEAN) stainless steel membrane tank
System. She has made two voyages carrying [.NG from Arzew

|
|
! o Boston and has carried one cargo of LPG from Venezuela to
Furcpe, The ship has vperated eminently satisfactorily, llur-
} ing the second voyage to Noston, a gas concentration was ob-
| served in the space surrounding the membrane on the aftermost
tank. An examination in the shipyard disclosed a minor fault at
the connection of the membrane to the tank dome. This fault was
repaired without difficulty and the ship returned to service.
The HASSI R‘'MEI. completes the list of ships fram which
; operating experience can be learned. This ship employs the
Gaz-Transport Invar membrane system. The limited service
experience thus far gained has been entirely satigfactory.
Exhibit 30. continyed
TABLE D-1 MISCELLANEOUS DATA FILE
’_ Respoasthle
Nata [tem (roamzation
1. Intercept, cntry/exit costs Manaiyrics
2, Cocffierent, power wrm, entry/exit costs rlanalytics
A, Fxponent, power rerm, cnbry/exin costs Kanalylies
+, Realing “actor, fareign ehtry/exir costs i Manalytirs
5. Intercepr, daily part costs mManalyries
! . Coefficient, power term, daily port costs Manalyties
KN fxponent, power term, daily port casts “Manalytics
|, Scaling factor, foreipn dail ¥ port costs Alanajytics
3, Vissel amortization period, year Ranalytics
1n, Vessel salvape valve, fraciion Manalynes
11. Vesel B after tax required, fraction hanalytics
12, Vesse! tax sate, fracrian sanalyrics i
113, Frn. facility amaortization period, years Nanatyries ' !
1t Fun (aciliry salvape value, fraction Manaleries i [
| 15, Funo faeility oW after rax ede, fraction hanalyrics H
| b, Fum facihity tax rate, fraction nlindiytics
i 1 tos, favedity aanonizarion petiod, years Manalyties
. 15 UL s, freility salvape valne, fraction BN RIS IT ¥
i ti VA facilityg wOI afrer 1ax regnl, fraction Rlaalvties
; 2n, U5 Facilay tax rate, Traction hlanadyrics
! . LNG sousee cost, d/en, m, of LNG Bowz, Alien
i o2, Bunker fuel cost. $9ong ron Runz, Allen
! i, LNG density, fhs/cn, m, RBuonz, Allen
l 24, funker density, Ihs/cu, fr, Baune, Allen
f 25, LNG heat content, Btu'sfeu, m, of LNG Rovz, Allen
J 26, Bunker hear content, Beu's/1on: ton fooz, Allen
21, Blank Boaz, Allen
I RER Maxunum pare delay, days hanalynics
o Bury bait-off, arsea. 1 ¥ER 2 o Aoaz, Allen
"y, Harn hail-off, mancovering. 1. yos: 2 e Rooz, Allen ‘
at, Floct ARG cate, Feaction “analytics J
I
) e .

Exhibit 31.
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TABLE D-4

_ TECHNICAL SPECIFICATIONS FILE

Nata ltem

Responsible

(xganizaticn

;o R

_'-C-'—Jm

11.
12,
13,
14.
13,
16,
11,
18,
19,
20,
21,
22.
23,
24,
25,
TH.
27
28,
23,
30,
a1,
az,
a3,
34,
35,

A,
a8,
a9,
4n,

18P, feei

Beam, feet

Deprth, feer

Draft, feel, loaded, arrival

Draft, feet, ballast

Block coefficient, loaded

Block coefficient, ballast

Displaccmeni, long tons, loaded
Displacement, lorg tans, ballast

Fuel reserve, long tons

Miscellaneous and stores, long ons

-LNG capacity, cu m,

Cryvogenic volume (excl, c€argo), cuw. M,
Cargo box cubic, cu. m,

Fuel capacity, long toms

Ballast capacity, long tons

Comb. fuel and ballast capacity, long tom
Shaft horsepower, rated

Shaft horsepower, utilized

Speed, knats, loaded

Speed, knots, ballan

Gross tennage

Boil=off rate, lnaded, cu, meters LNG/day
Boil-off rate, ballast, cu. meten LNG/day
LNG, minimum in tanks, cu, meters (arrival)
Fuel use rate, atsea, Biu's/shp-hr

Fuel use rate, disch., Hru's/hr

Fuel use rate, other, Bru's/hr

Annual lay-up time, days

Loading rate, cu. m, LNG/day
Discharging rate, cw m, LNG/day
Preparation time, loading, dayn
Preparation time, discharge, days

Crew sizc

Lightship weight, long tons

First ship cost, §

Direct labor hours

Direct labor cost, 3

Direct materfal cost, §

Composite overhead rate, fraction

i i el R R
—

. Henry

. Henry
. Henry

Heney

. Henrv
. Henry

Herry
Herney

. Henry

He nry

. Hemsy

. Henary
. Henry

Henry

. Henry

. Henry

. Henry

Henry

. Henry

Henry

. Henry

Manalytics

el e i

L

Henry

I, Henry
I, Henry
1N
J
]
i

Henry

. Henry
. Henry
. Herry
NER

Henry

Kanalytics
Booz, Allen
Booz, Allen

1.
I 1
I.J

—_

. I
.
.
.3

[

Henry
Henry
Heney
Henry
Henry
Heary
Henry

Exhibit 32, (Booz-Allen Analysis Technica} Specifications,

Nov 1873, Appendix D(32))
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At the level of production supplicd under price ceilings (Qepe}, consumers, as
represented by the pipelines, were willing 1o piuy a price for gas not only above the
FPC ceiling (P1..), but considerably above the murket-cleaning price (Povrgee) 48
well. Moreover, for cach unit of additional production up to market-clearing
levels (Quaed), cOnsumers were willing to pay more than the market-clearing
price, Thus, the arca of the trangle ALF is vgual tu the difference between what
consumers doing without gas willing to payv ior production
(Quarker -=Qee) and whal they would bave aclually had to pay for it under
market-clearing  conditions  fequisitent the rectunele RFHGY  This surplus
which consumers who actualiv diel withewt gas would have obrained under hypo-
thesized market-clearing conditions represents the losses to them from FPC price

wre additional

to

ceilings.

These losses te consumers doing without gus can be compared to the gains by
consumers who abtained new wgas production. These gains are represented by the
area of the rectungle CRED. This area is the difference between the market-clear-
ing and FPC price (Puarser - - Pro) multiplied by the quantity of new gas produc-
tion they-received (). Thus, if the area of triangle ABE is at least equal to the
area of rectangle CBED, then (he gains o those who received gas were offset by
the losses by those who had to do without.

(F) JEMANL
Price (F .
™~
.
\\
N
A \\\
'Lozssr-es\'\\ e SUPPLY
A"~ e /'/
iumers ! P
Prarket | -———- - O .surpius’l_ kT
Suing from T
repulation e i
P — S !
I'pe o / s i \\\
1
| : N
i | -
|
| i
0 1 H
“Ipe Unarket Yuantity {(3)

{Tmpacts of Regulation of Natural Gas Rates, S.
86 Harv. L. Rev. 941, 981-82 n. 127 (1973))

of new produrtion

Breyer and P.W, MacAvoy,



TABLE 17

COMPARISON OF RISKS

Total Probability Per

Accident Type Fatalities Person Per Year
Motor Vehicle 55,791 2.5 x 1074
Falls 17,827 1.0 x 107%
Fires & Hot Substances 7,451 4.0 x 1077
Drowaings 6,181 3.3 x 1077
i Firearms 2,309 1.0 x 107°
| Alr Travel 1,778 1.0 x 107°
Falling Objects 1,271 6.2 x 1076
Electrocution 1,148 6.2 x 1076
Lightning 160 5.0 x 10~7
Tornadoes 91 4.0 x 10-?
| Hurricanes 93 4,0 x 1077
| Al Accidents 111,992 6.2 x 1074
100 Nuclear Power Plants - 2 x 10-10

Transportation of LNG - Proposed Projects

Point Conception 2/ 0.013 -
Oxnard 2/ 0.040 -
Los Angeles z/ 0.197 -

Transportation of LNG - Ultimate Projects

Point Conception 2/ 0.024
Oxnard Z/ 0.301
Los Angeles Z/ 2,173

i/ Reactor Safety Study, U.S. Nuclear Regulatory Commission, Wash
1400, October 1975,

2/ Sraff's estimated fatalities per vear.

Exhibit 34, (Pac-Indo Project DEIS, FPC, May 1976, p. 332) Comparison of Risks
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35. (Caz-Transport Membrane Tank, LNG Tank Designs, National Maritime Research
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