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ABSTRACT

The Factory Mutual Research Corporation has evaluated the potential
hazardous impact upon the City of Providence and its people presented by the
proposed installation of two additional 600,000 barrel LNC storage tanks.at
the Algonquin LNG terminal. The Algonquin LNG terminal will be designed, con-
structed, operated and inépected in accordance with applicable codes and
standards to minimize_the likelihood of an LNG or gas release. In addition,
if such an Incident were to occur, the Algonquin LNG terminal will have an
intended fire protection and safety design, which far exceeds the requirements
of the applicable codeé‘and standards, to cope with such an incident (i.e.
minimize and confine the hazardous impact.to within the terminal site). Based
on a detailed review of these factors, we have concluded it is poésible, but
highly improbable, that an incidénﬁ coﬁld occur within or outside this terminal

which would adversely affect people and property outside the .terminal.
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I INTRODUCTION

In October 1972, Algonquin LNG Inc. petitioned the City of Providence for
permission to build two additional'GO0,000 barrel LNG.storage.tanks at the
Algonquin LNG terminal. - A permit had been pre#igpsly given for the construe-
tion of one 600,000 barrel LNG storage tank which was completed in late 1973.
The city fire marshal recommended that the Providence Building Board of Review
defer action on Algonquin's petition pending a study by consultants in fire
protection engineering of the impact of the proposed installation on the city
and its residents. Subsequently, after several meetings between the inter-
ested parties (i.e., Algonquin LNG Inc., Arthur D. Little, Inc., consultant to
Algonéuin LNG Inc.; the Commissioner of Public Safety for Providence, Prov-
idence Fire Department officials, and Factory Mitual Research Corporation),
Factory Mutual Research Corporation was retained to perform the subject study
for the City of Providence. Thig study, to a large extent, is based on a
review of the adequacy and validity of a previous study conducted by Arthur D.
Little, Inc. for Algonquin LNG Inc.(l) Descriptive material herein was obtained
from the above study and testimony given in support of Algonquin LNG Inc.'s
petition ﬁo the,Federal Power Commission for the proposed installation (Docket
No. CP 73-139). ' '
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SCOPE.
The Factory Mutual Research Corporation agreed to cover the following items:
Determination of the possible extent of deflagration resulting from
a maximum forseeable spill of LNG from a tanker, unloading operations,
pipeline breaks, etc. and the resultant spread of liquid and/or vapor
on land and water. Importance of the influénce of topography, prevailing
winds and their effects, tidal effects, and storage tank dike capacities
would be investigated.
A study of fire exposure from a pool fire in situ involving calculations
of radiative heat fluxes to determine limits outside of which levels of
energy would not be sufficient to result in pilot ignition of wood.
If necessary, a sﬁrvey of properties would be made, in the unsafe area
determined, for both fire and explosion to determine the general
character of the occupancies, property values and their contfibution
to a conflagratibn.
An assessment of the suitability and adequacy of public fire department
equipment, looking into the accessibility to fire areas (including
docks and wharves) and making an evaluation of the degree of hazard to
fire department personnel. Should it be found that inadequacies exist,
an opinion relative to the economic impact would be offered.
An appraisal of on-site combustible vapor and fire detection equipment,
automatically and manually controlled fixed extinguishing equipment
and portable fire fighting equipment, as well as plant'manpbwer and
training. _
Probabilities of accidents to tanks and directly associated equipment
from off-gite causes resulting from aircraft‘collision; acts of nature
including floods, tidal waves, etc. Other accident experiences, which
would involve mobile equipment, would be investigated for truck transport of
LNG through Providence and tanker transport. The latter would consider
spillage, as well as collision which could occur from river traffic or
dockihg. -
A review of the LNG faéilities'including dock and unloading arrangements.
Operating procedures; personnel training, and emergency organization, as

proposed, would be checked.
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III GENERAL OPFERATING DESCRIPTION OF THE PROVIDENCE LNG TERMINAL (FIGURE 1) .
The Providence LNG Terminal will receive LNG from 125,00Q cu. meter ships

(approximately 29 shipments per year) at the dock and unloading area. The
terminal is also designed to receive or send out LNG by 30,000 barrel barges

at the dock and unloading area.

3.1 DOCK AND UNLOADING AREA

The dock and unloading area will consist of a solid concrete dock with
adeqﬁate mooring facilities, an unloading platform for a specially designed
marine arm installation, and an LNG sump of approximately 60,000 gal. capacity.
The dock area will be graded towards the sump. A cryogenic splash shield will
also be provided to'channel any possible LNG release which might develop at
the unloading arms to the sump at the dock.

ING will be transferred from the ships to the storage tanks at a nominal
flow rate of 45,000 gpm through a4marine arm installation feeding a 36 in.
diameter insulated cyrogenic pipeline. The 36 in. pipeline-will.run from the
dock to tha top of each storage tank. The marine arm installation consists of
five 16 in. diameter counter-welghted marine unloading arms. The marine arms
are designed to allow for tidal variation and both outward and parallel ship
drift. Four of the marine arms will be used for LNG unloading and the fifth
arm will be used for vapor‘return to the ship to maintain positive pressure on
the ship's storage tanks:. For barge loading or unloading, a barge mounted
marine arm will connaét to a 12 in. diameter insulated cryogenic pipeline at
dock side. with.a nominal flow rate of 7000 gpm. Interlock switches will over-
ride all other controls ‘and close the valves at the dock in the event of hlgh
tank liquid level or high tank pressure.

3.2 STORAGE TANK AND DIKE AREA

The three storage tanks, each with a capacity of 600,000 barrels will be
designed as double wall, suspended deck LNG storage tanks. They are double
bottom, double shell, single roof, vert1cal cylindrical tanks, with a diameter
of 190 ft. and a shell ‘height of approximately 140 ft. Essentially, the design
is a "tank within a tank' where only the inner tank (susﬁendéd deck and 9/

" nickel steel shell) is subjected to cryogenic temperatures and hydrostatlc

pressures of the LNG in storage. The outer tank (mild steel) retains the non-~
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combustible insulation, perlite, which surrounds the inner tank and is designed
for an internal gas pressure of approximately 1.5 psig.

Each LNG storage tank will be individually diked. Each dike is capable of
holding the entire contents of a full LNG storage tank. Within each dike, a 15
ft deep concrete sump having dimensions of 90 x 90 ft will be provided. The
dike area will be graded toward the sump.

3.3 VAPOR HANDLING SYSTEMS

3.3.1 Daily Operations Between Unloadlngs

During daily operations, boil-off vapor (i.e. normal heat leak into LNG
storage tanks, equipment, and piping causes vaporization of LNG) from the
storage tanks and terminal facilities will be collected, heated and sent out

through the vapor handling system to the Providence Gas Company gas holders.

3 3.2 Ship Unloading Operations

During ship unloading operations, vapor generated due to pump heat input,
vapor generated due to fill line heat leak, LNG flash gas upon filling, vapor
dispiaced during tank filling and Boii—off vapor from normal tank heat leak
will be handled as follows: a portion will be returned from the land tanks to
the ship through a 16 in. marine arm to replace the volume of liquid pumped
from the ship's tanks 80 ﬁhat a positive pressure will be maintained in these
tanks and the balance will be sent out through the vapor handling system to the
Providence Gas Company gas holders.

Enrichment of the boil-off vapors dellvered to the gas holders, if required,
will be accomplished by propane injection. Vapor flow to the gas holders will

be measured during daily operating conditions when ships or barges are being
unloaded.

3.4 LNG TRANSFER FROM STORAGE TANKS

LNG from the storage tanks will normally be eitner vaporized for send out
throqgh gas pipeline distribution systems (90%), low pressure (225 psig) or
high pressure (750 psig), or sent out as a liquid via LNG truck (10%).

3.4.1 Low Pressure Send-out System

The low pressure send-out system will consist of three pumps, three gas-

fired LNG vaporizer units and measurement facilities.

5
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The liquid pumps will each be capable of a maximum pump-out rate of approxi-
mately 300 gpm. The LNG in liquid phase will be pumped from the bottom of the
storage tank to the LNG vaporizer units by three identical vertical centrifugal
type pumps located adjacent to the ekisting storage tank. Common suction and
discharge piping manifolds will permit parallel pump operation. The liquid
flow to the vaporizers will be controlled by a flow controller. The pressure
of the liquid when delivered to the vaporizers will be sufficient to permit
delivery of vaporized LNG at required pressures without additional compression.

Each vaporizer unit is capable of receiving LNG in liquid phase, vaporizing
it, and dischargingvit in vapor phase at a maximum rate of approximately 33,300
MSCF (thousand standard cubic feet) per day. The temperature of the vaporized
LNG at the vaporizer outlets.will be maintained at approximately 40°F by auto-
matic fuel feed to the vaporizer burners. After leaving the vaporizers, the

quantity of vaporized LNG will be metered and delivered to the Providence Gas
Company pipeline system.

3.4.2 High Pressure Send-out System

The high pressure send-out system will consist of eight liquid pumps, four
high pressure vaporizers and Btu stabilization and odorization equipment.

The 1iquid pumps will be capable of a maximum output rate of approximately
900 gpm. Two of the centrifugal-type pumps will be installed adjacent to the
existing storége tank, and three which includes one spare, will be installed
adjacent to each of the other proposed additional storage tanks. Common suc-
tion and discharge pumping manifolds will permit parallel pump operation. Tﬁe
pump will deliver the liquid to the vaporizers at pressure sufficient to permit
delivery of vaporized LNG at required pressures without additional compression.
The liquid flow will be cohtrolled by a flow controller. A

Each high préssﬁre vaporizer will have a capacity of approximately 100,000
MSCF per day. The discharge temperature will be maintained at approximately
40°F by automatic fuel feed to the vaporizer burners. The high pressure vapor-
ized LNG will be stabilized with air to the uniform heating value desired by
Algonquin Gas. The wvaporized LNG will also be odorized prior to delivery; the
odorization injection system will consist of a stb:age tank and positive meter-
ing pump and connectiﬁg pipe.
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3.4.3 Truck Loading Stations

Two dual truck loading stations will be provided, each capable of loading
two trucks simultaneously at a rate of 300 gpm per truck. Trucks provided by
New England LNG will have an approximate capacity of 10,000 gallons of liquid.
Piping will also be provided to allow unloading of trucks to the storage tanks.
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IV HAZARDS OF AN LNG TERMINAL
The principal hazard of an LNG terminal is the possibility of accidentally

releasing LNG or gas. An LNG or gas release could happen within an LNG terminal

due to operator error or equipment failure or off site due to an accident
during shipping or trucking of LNG.

LNG is a readily ignitable cryogenic fluid, mostly methane. That is, LNG
is normally handled or stored at approximately -260°F and will form readily ig-
nitable vapors in the presence of air if accidentally released.

A large LNG fire, if not controlled, can present a thefmal radiation
hazard to people and property at considerable distances. If an LNG release is
not ignited immediately, a flammable vapor air cloud will be formed capable of
traveling great distances (e.g. up to several thousand feet) from the spill
6rigin depending upon quantity and rate of release, vaporization rate (i.e.
much higher for LNG spilled on water as opposed to laﬁd), weather conditions
and presence of ignition sources within the vapor cloud travel path. Conse-
quently, an LNG terminal, under very adverse circumstances, could pose a fire

and/or explosion hazard off site.

(.2

J

(
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v PROPOSED TERMINAL FIRE AND SAFETY PROTECTION (FIGURE 2)

' The Providence LNG terminal will be designed, constructed and operated in
accordance with DOT* Part 192, NFPA** 59A and API*** 620. These codes and
standards contain ektensive provisions whose intent is to assure safe plant
operatioh. In addition, Algonquin tNG will provide safety equipment and measures
which far exceed the'provisions of these codes and standards. ‘

The terminal will be staffed 24 hours a day with personnel thoroughly
trained in the operation of various safety systems. The terminal operators
will be specially trained in Algonquin's operating and maintenance plan which
will include complete emergency operating procedures. These procedures, com-
bined with the basic fire suppression and control systems, are designed to meet
Algonquin's operating objectives and provide complete protection to the terminal

and its surroundings.

S.1 GENERAL APPROACH TO FIRE PROTECTION AND SAFETY

As above, the Algonquin terminal_will be deéigned, constructed and operated
to minimize the probébility of an incidént.‘ However, in the event of an LNG or
gas release and‘a;possiﬁle subsequent fire, rapid detection and suppression or
control are proposed by the use of gas detectors, fire deteétors and fixed,
mobile, and hand-portable fire fighﬁing equipment. All fire protection equip-
ment will be either'Underwritersl Laboratories listed or Factory Mutual approved
or both, where appliéable, and will be iInstalled and maintained in accordance
with the appropriate NFPA standards.

5.1.1 Gas Detectors

Gas detectors will be provided at strategic locations thrqughout the
terminal to alert personnel to any appreclable LNG or gas release, These fixed
detectors will be set to activate at a methane concentration of 0.2 LFL (lower
flammable 1limit) or approxiﬁately 1% methane since the LFL of methane in air is
approximately 5% methane. Activation of the fixed gas detectors will be indi-

cated at the fire control panel in the main control room.

*DOT: Department of Transportation
*¥%NFPA: National Fire Protection Association
A%XAPI: American Petroleum Institute
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Several rechargeable, battery-operated, portable gas detectors will be

avallable for personnel use while monitoring plant operations.

5.1.2 Fire Detectors

Ultraviolet (UV) detectors and smoke actuated ifonization-type fire detectors
will be provided. UV detectors are flame sensitive. They will be strateg-
ically located throughout the plant. The smoke-actuated ionization-type de-
tectors will be located in the main control building where the motor control
centers are located. Activation of fire detectors will be indicated at the

fire control panel in the main control room.

5.1.3 Fire Fighting Equipment

Looped water mains with hydrants and hose will be provided for control of
Class A* type fires and also for cooling equipment and structures exposed to
Class B** type fires. Portable dry chemical extingulshers and fixed dry chemical
hose line systems will be strategically located throughout the terminal for
control of Class B and Class C*** fires. In addition, dike and éump areas will
be protected with automatic high expansion foam systems designed to produce
5300:1 expansion foam. The automatic foam systems will have a manual override
that the operator may use if surveillance by visual means or by television
monitor indicates that foam application is unnecessary. A truck, with both
high expansion foam (15000 cfm of 500:1 expansion foam for at least 30 minutes)
and dry chemical (1000 1b. hose line-turret combination) capabilities, will
also be provided at the terminal. Self-contained breathing apparatus and
protective clothing will be providéd for plant personnél.

5.1.4 Plant Layout

Importént structures and equipﬁent are isolated from each other and loca-
ted as recommended in NFPA 59A. 1In addition, the plant facility will be graded
so that a potential LNG release would be directed to a sump or contained in a

dike to limit exposure to important structures, equipment or adjdining property.

*Class A: Ordinary Combustibles’
*%Clags B: Flammable Liquids and Gases
*%%Class C: Electrical

11
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5.1.5 Surveillance and Security

The main control room will be equipped with a control panel and annuncia-
tors to provide the operator with current process information and control of
terminal functions. A fire control panel will also be located in tﬁe control
room. This panel will provide information on the status of all fire and gas
detectors as well as the automatic high expansion foam systems. The control
room is the focal point for all intraplant communications. A closed circuit
television monitor system for surveillance of plant activities will be located
in the main control room with television cameras at the process area, the
storage tank and dike areas, the truck station area and the dock area.

Operators will>periodica11y inspect major pieces of equipﬁent and visually
observe areas within the plant. During their inspections, it is anticipated
that operators will_carry portable gasAdetectors. A fence will be provided at
the facility to minimize entry by unauthorized personnel.

Fire alarm pull-boxes, in compliance with, "Minimum Requirements for the
Installation of Master Fire Alarm Boxes and Auxiliary Systems Connected Thereto
in the City of Providence", will be provided at the following locations with
direct tie to the City of Providence Fire Department: the main control room,
the air stabilization building, each dike pump-~out area, the truck station
area, the dock unloading platform, and the dock personﬁel building.

5.2 SPECIFIC AREA PROTECTION

There are seven'basic areas within the terminal which are described and
protected as follows:

5.2.1 Process Area

The process area consists basically of high-pressure and low-pressure
vaporizers, glycol heaters and the "sendout" connections. The ground surface
in the process area will be graded so that LNG releases will be directed to a
sump capable of holding at least 32,000 gallons. A sump of this size would be
capable of containing a 10-minute total discharge of LNG from‘piping leading to
the vaporizers. A

There will be eight detectors in the process area; four combustible gas
detectors and four UV detectors. A combustible gas detector in the sump will

be set to activate at 0.2 LFL. Activation of this detector will automatically

12
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start a high-expansioﬁ foam generator located at the sump edge. The foam gen-
erator will be capable of generating foam at 12,000 cfm with an expansion ratio
of 500:1. The foam will be discharged directly into the sump which will be
surrounded by a 5-foot high foam-retention fence. The three other combustible
gas detectors, set to alarm at 0.2 LFL, wiil be placed in the vicinity of the
vaporizers., The four UV detectors will be installed in the process area
positioned to detect UV radiation from the sump or vaporizers.

In addition, seven fire hydrants will be located around the periphery of
the process area and four 30-pound portable and one 100-pound wheeled dry
chemicél extinguishers and two 1,000-pound dry chemical hand-hose-line systems

will be strategically located within the area.

5.2.2 Truck Station Area

The truck station area will be graded so as to difect any accidental
release of LNG during truck loading or unloading to a sump with a capacity of
gﬁ least 20,000 gallons. This sump can contain the full capacity from the
piping leading to the truck stations for 10 minutes in addition to the contents
of a full LNG trailer. | |

Two combustible gas detectors will be installed in the truck station area
and will be set to activate upon-sensingvé 0.2 LFL concentration of methane.
One detector will be ﬁounted in the sump and the other at the truck statiom.
The sump detector will automaticaily activate a high-expansion foam generator.

The foam generator will have a capacity of 12,000 cfm of 500:1 expansion foam,

will surround the sump. One UV detector will be installed to overlook the sump
and truck station area. o i
A remote manually operated water-deluge system with a discharge density of
0.2 gpm/ft2 will be installed at the truck station. Two 30-pound portable and
one 100-pound wheeled dry chemical extingﬁishers and one 1,000-pound dry chemi-

cal hand—hose—line system will be located in this area, along with two fire

hydrants and & fire alarm pull—bok.

5.2.3 Storage Tank and Dike Area

Each of the three LNG storage tanks at the terminal will be surrounded by
a dike capable of holding at least 100 percent of the tank contents. Each dike
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will contain an LNG sump (approximately 730,000 gallon capacity) and the dike

floor will be graded so that any accildental release of LNG would be directed to

the sump. Each diked area will be provided with a fixed automatic high-expan-
sion foam system capable of generating approximately 525,000 cfm of 500:1

expansion foam. TFoam generator piping will either be buried or suitably protec-

ted to withstand thermal radiation. Similarly, each foam generator will be

insulated with Maranite or other comparable material. A 5-foot high fence will

be placed on top of each dike for foam retention. Water for the foam system

will be provided by direct conmection with the municipal water system as well

as an elevated Wwater tank of at least 25,000—gailon capacity. The foam concen-

trate will be stored in two 50,000 gallon fiberglass storage tﬁnks in the foam

concentrate building.

Combustible gas detectors will be mounted in each diked area. One or more

detectors will be mounted in the vicinity of the pump area and two will be
mounted in each LNG sump. All detectors will be set to alarm upon sensing 0.2
LFL concentrations of methane. Activation of two or more detectors in a dike

area will automatically activate the high-expansion foam system. Each diked

area will be under closed-circuit television surveillance from the main control

room. This survelllance capability will enable the facility operators to
monitor conditions within the diked area and to take appropriate action if an
abnormal situation should develop.

Each diked area will contain a number of 30-pound portable dry chemical
extinguishers and at least one 1000-pound dry chemical hand-hose-line system.
Several water hydrénts are located on the perimeter of the outer dike walls.
Three UV detectors will also be installed in each diked area. Finally, a fire

alarm box will be installed at each dike pump out area.

5.2.4 Foam-Concentrate Building

The foam-concentrate building will house the foam conéentrate tanks and
the associated pumps and piping. The building will have concrete walls and a
Class I steel deck roof. The roof will be protected externally with a water
deluge system that can be manually activated from the main.control room. A
water density of 0.2 gpm/£t2 w111 be provided. A 30—pouﬁd dry chemical extin-
guisher will be located within the building.
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5.2.5 Main Control Building

The main control building has concrete walls and a Class I steel deck

roof. The roof will be protected externally with a manually actuated water-
deluge system with a discharge density of 0.2 gpm/ft . A combustible gas
detector will be located at the roof-mounted air conditioning intake duct. The
detector, ﬁpon activation, would automatically shut off the air intake to
prevent methane from entering'thelcontroi building, and it would also activate
an alarm and a light on the panel board. |

Portable water and carbon dioxide extinguishers will be provided in the
control building. The motor control cabinets in the main control room will be
protected with a Halon 1301 flooding system. The Halon systei will be actuated
by a heat detector and will release Halon 1301 through a spray nozzle. The

nozzle consists of a length of metal tubing with a series of drilled holes. It

will be fabricated during installation to provide coverage of the particular
cabinet configuration involved. Two products of combustion detectors will be
located in the motor control centers in the building. A fire alarm pull-box

will also be located in this area.

5.2.6 Power Substation

The power substation will be fed by buried power cables. The substation
area will be fenced and will contain two 30-pound portable dry chemical extin-
guishers and one UV detector. A manually operated Water—deluge system activa-
ted from within the main control building will prov1de a water discharge density

of 0.2 gpm/ft over the substation.

5.2.7 Dock Area _

The dock area consists of a dock, an unloading platform containing the
marine arms and cryogenic splesh shield and an LNG sump. The dock area will be
graded toward the»sump, which will have a capacity of approximately 60,000
gallons. This sump will be surrounded by a 5-foot foam-retention fence. This
area will contain a combustible gas detector in the sump and at either end of
the unloading platform. These detectors will be set to automatically actuate
the dock foam system, which consists of two lZ;OOO—cfm high-expansion foam gene-
rators placed alongside of the sump. TFour fire hydrants, four portable 30-pound

dry chemical extinguishers, one wheeled 300-pound dry chemical extinguisher,
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two 1,500-pound skid mounted dry chgmiéal hand-hose-line systems, one UV détector
at the sump will be provided. A television camera will be provided to provide
surveillance of the dock from the’main control room; A fire alarm pull-box

will also be installed at the unloading platform.

5.3. OTHER AREAS

Other areas for which protection will be provided include the metering area,
the air stabilization building, the propane skid, the equipment building, the
truck weigh station, the dock personnel building, the stores area, and the top
of the LNG tanks.

The metering area ﬁill be provided with two 30-pound portable dry chemical
extinguishers, two combustible gas detectors, and a fire alarm pull-box.

The air stabilization building will be provided with two 30-pound Portable"
dry chemical extinguishers, two portable water extinguishers, and a fire alarm
pull-box.

The propane skid will be provided with a combustible gas detector, a 30-
pound.portable dry chemiéal extinguisher and a 100-pound wheeled dry chemical
extinguisher.

The equipment building will be provided with two .30-pound portable dry
chemical extinguishers and one portable water extinguisher.

The truck weigh station will be provided with a 30-pound portable dry
chemical extinguisher and a 100~pound wheeled dry chemical extlngulsher.

The dock personnellbuilding will be provided with one 30-ound portable dry
chemical extinguisher, one portable water extinguisher, a products of combustlon
detector, and a fire alarm pull-box. '

The stores area will be provided with a UV detector and two 30—pound por-
table dry chemical extinguishers. '

Three 30-pound portable dry chemical extinguishers and a combustible gas
detector will be provided at the top of each tank. |

5.4 EMERGENCY IGNITION SYSTEM
Although a large LNG release 1s considered highly unllkely, an emergency

1gnition system, manually actuated from the control room will be provided at
the terminal boundaries.
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5.5 EMERGENCY SHUTDOWN SYSTEM AND SAFETY INTERLOCKS ,

An emergency shutdown system (ESD) will enable a plant operator to shutdown
and isolate the plant facilityvffom the dock area, the existing Providence Gas
Company facility, and‘the gas séndout-lines from the terminal. An ESD station
will be provided at the main control room, each pump area, the entrance and
exit to the terminal, the truck station area and the vaporizer areas.

Safety interlocks are also provided to automatically éhutdown given pieces
of équipment. Theée‘interlocks'are intended to minimize the effects of an
operational upset. .Examples of dperational shutdowns are as follows: storage
tankbliquid inlet on high 1iqﬁid level, or high tank pressure; storage tank
outlet énd sendout system on low tank pressure or low liquid level; vaporizer
shutdown on high or low outlet gas temperature, high or low sendout gas pres-
sure, high stack température, low fuel gas pressure, or flame-out; and truck

loading on liquid overfill or high fill pressufeg
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VI  DISCUSSION: ITEMS 1 'THROUGH 6 OF SCOPE
6.1 ITEM 1

A catastrophic tank failure, such as occurred at East Ohfo Gas Company,
Cleveland, Ohio, in 1944, is not considered a credible incident based on the
current state of the art in cryogenic technology. Chicago Bridge and Iron
Company, the designer and installer of the proposed installation, has exper-
ience in designing, constructing and operating at least 25 complete LNG faci-
lities. The tanks will also be adequately protected against overpressufization
and subsequent release of LNG. Nevertheless, the Algonquin LNG terminal will
have an intended design to limit the fire and vapor cloud travel hazard poten-
tial from a tank failure (i.e. automatic high-expansion foam protection for
each diked area and the manually actuated ignition system at the terminal
boundaries). ' v

According to calculations performed by A. D. Little, Inc.(l), if a dike
was rapidly filled with LNG, a flammable vapor cloud, under the most adverse
weather conditions, could possibly travel downwind 12,500 ft from the dike
involving populated areas. However, in the event of LNG release and subsequent
vapor cloud formation, the prevailing winds are from the northwest and south-
west depending on the time of year and would cause vapor travel toward the
Providence River and away from any occupied areas. Also, stréng'winds (i.e.,
in excess of 10 mph) would tend to miﬁimize the extent of vapor travel by
dilution and dissipation.

Furthefmore, A; D. Little Inc. points out that one could realistically
expect ignition of such a cloud either intentionally (i.e., operator action
in the control room) or otherwise (i.e., accidentally) before the cloud raches
the nearest populated area, approximately 1500 ft south of the terminal, with
a resultant burnback to the spill origin. This obviously does not rule out
the possibility of a vapor cloud being ignited off site with extensive damage
(fire and/ox explosion damage).

The next largest potential LNG spiil source within the terminal would be
rupture of a withdrawal line from the storage tanks, However, it should be
recognized that this also is a highly unlikely incident. The tank withdrawal
lines are bottom-connected and have pneumatically actuated internal valves
(fail-safe closing action upon loss of air pressure). The internal valve can

be actuated locally or remotely. The internal valve is also interlocked into
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the emergency shutdown system. Arthur D. Little has postulated an incident
.involVing failure of this withdrawal line resulting in a release of 51,000
gallons of LNG. We believe this incident has been very conservatively esti-
mated and the proposed fire protection syétems will control such an incident
without having an adverse impact outside the terminal.

Arthur D. Little has also postulated incidents during the following trans-
fer operations: vaporization (approximately 10,400 gallons), truck station
filling (approximately 14,800 gallons) and storage tank filling from a ship at
the dock (approximately 47,900 gallons). These incidents . are also very con-
servatively estimated and we believe that the proposed firé‘protection systems

‘will control such incidents without having an adverse impact outside the LNG

terminal.

The topography of the site is such as to contain any credible LNG spill
within the plant boundaries. The general topography of the area is flat which
would facilitate dissipation of any ING vapors and radiant energy from a fire.

Each dike will be designed to hold at least 1007 of the contents of an LNG
storage tank and will be located 29 ft above mean hlgh water. All other main
components of the terminal will be 1ocated at least 15 ft above mean high
water. The highest recorded water level is 13.4 ft above mean high water which

occurred ddring the 1938 hurricane.

LNG‘Transportation on Water

The possibility of an LNG spill on water exists during vessel transit in
the Providence Harbor. LNG will be transported by 125,000 cu. meter ships
(approximately 29 shipménts per year maximum) and 30,000 barrel barges.

The United States Coast Guard has complete jurisdiction of transportation
of LNG via water in the Continental United States via the Ports and Watérways
Safety Act of 1972. Ship and barge transportation of LNG in the Providence
Harbor will be very stringently regulated by the Captain uf the Port, Providence,
Rhode Island. The Captain of the.Port is presently working on an LNG/LPG con-
tingency plan similar to that issued by the Captain of the Port, Boéton, Mass~-
achusetts; an excellent comprehensive pian(z). LNG has been successfully
transported without incident in the Port of Boston for over three years, The
LNG/LPGtcontingenty plan emphasizes that a fire incident would be the responsi-
bility of the public fire department(s).
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Arthur D. Little, Inc., has done a very thorough hazards analysis of LNG
ship transportation in Providence Harbor<3). The probébility of an incident in
Providence Harbor resulting in an LNG release 1s extremely low. Nonetheless,
Arthur D. Little, Inc. has postulated an extreme incident. The 125,000 cu.
meter ships have 5-25,000 cu. meter tanks. If the entire contents of one
25,000 cu. meter tank were instantaneously released and ignited, people and
property within 2000 ft of the center of the spill could be adversely affected
for S to 6 minutes from the burning LNG. The LNG pool couvld possibly attain a
radius of 1800 ft. Although such an incident could obviously have an impact on
‘the City of Providence, we also believe that any incident resulting in an LNG

release 1s unlikely under the regulations to be imposed by the United States
Coast Guard. ' |

6.2 ITEM 2

Ignition of a spill covering the entire surface area nf the dike could
result in dangerous heat flux levels to people 1300 ft away and insulated tanks
700 ft_away.if left to burn uncontrolled. If the high expansion foam system
could not control such a fire, the other LNG tanks would be seriously exposed,
particularly 1f the fire originated at the proposed middle tank. It is doubt~
ful that manual fire fighting could be effectively used to keep the other LNG
storage tanks cool. Consequently, if these tanks did fail from éxposure, a
fire involving all three diked areas simultaneously could eventually occur. If
8o, we estimate the safe distance for people would be approximately 3000 ft
from the diked area. Piloted ignition of wdod'(i.e., ignition source needed)
would occur at a distance of aﬁproximately 1500 £t from a diked area and un-
piloted (i.e., spbntaneous) ignition at a distance of 700 ft. Under such
conditions, we believe a major conflagration involving areas outside the LNG
terminal could result (e.g., Providence Gas Company, Texaco, Inc., New England
Bituminous Terminal Corporation, Sun 0Oil Coﬁpany, McLaughlin—Moran, Inc. and
British Petroleum Corporétion).

To put the above in proper perspective, we belleve there is only a remote
possibility that such a spill could occur. Also, it is possible that the'high
expansion foam protec;ion would be effective in controlling an LNG pool fire.

It is not anticipated that any credible LNG spill and subsequent fire

during LNG transfer operations would pose a thermal radiation hazard outside
the terminal.

- 20



3

C

L3

B e T s B e

L

303 3

CJ 03

(3 Cc3J 33y o3yl

22340

6.3 ITEM 3

In the event of a fire at the Providence LNG facility;.the Providence Fire
Department will initially respond with 4 pumpers, 2 ladder trucks and a bat-
talion chief with additional similar equipﬁent available. Access to the ter-
minal is via Terminal Road, although emergency access would also be possible
through the Providence Gas Company property. For the conservatively estimated
incidents postulated by Arthur D. Little, Inc.(l) and referred to in our com-
ments under Item 1 accessibility to the facility and public fire department
equipmeﬁt are adequate. Also, the degree of hazard to fire.department person-

nel would appear to be acceptable.

6.4 ITEM 4

The proposed selection and arrangement of combustible gas detectors and
fire detectors will be adequate. The proposed selection arnd arrangement of.
manual fire fighting equipment will be adequate. The adequacy of high-expan-—
gion foam protection fqr a large LNG fire is unknown although-small scale LNG
fire tests indicate it could be effective in controlling such fires. That is,
the basis for high-expansion foam protection is an American Gas Association
sponsored teét program at the Ansul Company Fire Test Center at_Mariﬁette,
Wisconsin(4). Fire test work was conducted with 400 sq ft (20 ft x 20 ft) and
1200 sq ft (30_ft_x 40 ft) LNG pools. One fire test resuited in control of
the 1200 ft2 LNG pool fire in approximately 5 min. using an'application rate
of 2.9 cfm/ft2 of 500:1 expansion foam. Control within 2 min. required an
application rate in ekcess of 6 cfm/ftz. The Ansul tests were compared with
other small-scale fire tests (5 and 10 ft diameter LNG fires) ddnducted at
Philadelphia Gas Works. The test results correlated well with little difference
due to scale-up. No larger scale LNG fire'tests (i.e. larger than.lZOO sq ft)
have been conducted. .The proposed application rate for the Providence LNG ter-
minal is approximately 3.0 cfm/ft2 over an approximate area of 175,000 ft2
(i.e. 525,000 cfm).-'Therefore, as previously indicated, we consider the ade-
quacy of high-expansion foam protection for such a large area to be unknown.
Also, high winds would possibly adversely affect the build-up of a foam cover.

The Ansul tests also indicated that high-expansion foam was very effective

in controlling ING vapor cloud travel.
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We would recommend a minimum discharge density of 0.30 gpm/ft2 for the
deluge system at the truck station. Other proposed fixed protection systems

will be adequate.

Proposed plant manpower and training will be adequate.

6.5 ITEM 5 ,

External events which could cause an LNG or gas release at the terminal
can be divided into natural events and human induced events. . '

Natural events include tornadoes, storms (lurricanes and floading) and
earthquakes. The probability of a tornado hitting the LNG terminal has been
calculated to be once every 3,000 years(l). The terminal will be designed to
withstand the impact of a hurricane or other windstorm with winds up to 100
mph. The terminal will be protected against flaoding by eievating all impor-
tant buildings and equipment at least 15 ft above mean high water. As pre-
viously indicated, the highest recorded water level in the terminal area was
13.4 ft above mean high water during the hurricane of 1938. The LNG storage
tanks will be designed to withstand the expected forces of earthquakes of Zone
II characteristics which is adequate for the area. The LNG storage tanks will
have adequate lightning protection.

Human-induced events include éircraft impact and éabotage. The probability
of an aircraft impacting at the terminal site is extremely 1ow Arthur D.
Little Inc., has estimated the probability to be 4.58 X 10~ /year or approxi-
mately one occurrence every 220,000 years. In essence, this type of incident
is possible but not very probable. If it were to occur, a major conflagration
could possibly resuit since the fixed fire protection systems would undoubtedly
be impaired.' The Algonquin LNG terminal will be reasonably protected against
sabotage by complete fencing of the terminal with plant personnel present 24
hours/day, seven days a week. .

LNG truck traffic at the Providence LNG Facility will be a maximum of 64
trucks daily during peak winter periods. Almost all truck traffic out of the
terminal will proceed directly to IF95 North toward Lowell, Mass., or Fall
River-New Bedford, Mass. or Springfield, Mass. or Cumberland, R.I. The Provi-
dence Traffic Engineering Department provided us with traffic and accident
statistics for the terminal area for the years 1971 and 1972. The accident
history is minimal for the route which would'be'followgdAfrom the terminal to
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I-95 North. We did not obtain traffic and accident statistics for I-95 in
Providence or the cther major interconnecting highways, within the Providence
area. We believe the accident history of LNG. trucks is more meaningful than
the traffic and accident history for the above mentioned highways. That is,
there have been a few serious traffic-sccidents involving LNG carriers but in
none of these accidents has there been involvement‘of the LNG., The most serious
accident involved a head-on collison between an LNG carrier and a flatbed semi-
trailer in Whitehall, Wisconsin on October 8, 1971. The driver of the LNG
carrier and an occupant of the other truck were killed and a fire ensued in-
volving diesel fuel, tires and the cab of the LNG carrier. The public fire
department responded and controlled the fire which never involved the  LNG
cargo. Other serious accidents have involved ripping the'outer shell of an LNG
carrier when it struck an embankment and an LNG carrier flip-over. This is not
to suggest'that_a serious fire or explosion involving LNG cannot occur, but

rather that LNG carriers are very resistant to tank or equipment failure re-

sulting in release of the LNG contents due to their double—wall construction.
Also we understand that the drivers of LNG carriers for New England LNG, Inc.
will be thoroughly trained and certified to handle LNG.

A release of LNG or gas durinngNG vessel transit in Providence Harbor or
docking is highly uniikely under the stringent regulations to be enforced by

the United Statea Coast Guard as commented on under Item 1.

6.6 ITEM 6

The Algonquin LNG terminal, as proposed, will be well arranged and operated
to minimize the probability of an LNG or gas rélease with an intended fire
protection design to cope with any such incident that should occur.

Algonquin LNG, Inc. has prepared an 0perat1ng Procedures Manual We have
reviewed Algonquin's operating procedures and we have concluded that their

proposed operating procedures will be excellent. In addition, Algonquin LNG,

Inc. has benefited from the operating experiences of others in the LNG industry

and continues to receive additional information‘from them, Personnel training
for normal and emergency operating conditions was being extensively conducted i
during the month of November, 1973 and additional periodic training programs

will be conducted.
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Algonquin LNG, Inc. will have an adequate emergency organization to com-
plement thelr Emerggncy Shutdown Systems to effectively isolate important areas

of the facility in the event of an abnormal incident.
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