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1.0

INTRODUCTION

The successful planning and management of port facilities has traditionally
required and involved a fine understanding of the characteristics and
behaviour of the ships being handled. This background of centuries of
experience in coping with the risks, natural and man-made, has always made
the mariner aware of those aspects of maritime safety that are necessary
both to his personal survival and to the economics of his trade.

The introduction of large scale hazardous cargoes into the area of marine
transportation has, however, added another dimension of safety conscious-
ness. With the advent of maritime LNG/LPG transport as a significant
percentage of world shipping (see Figure 1) there is a need for greater
knowledge and experience in the behaviour of spillages of LNG and LPG,
particularly in the areas of most concern - the ports. In the following
sections we will refer to this area of technical expertise in evaluating
and assessing the potential impact of hazardous cargoes as 'Technical
Safety', to distinguish it from the many other safety aspects of maritime
transport. This knowledge and experience of technical safety forms the
background on which to base decisions during emergencies, where these
hazards may be present, and in port layout and vessel design, where many
of the potential hazards can be designed out of the system.

THE ROLE OF TECHNICAL SAFETY

The potential for injury of crew and those working or living adjacent to
the port area arises from several sources:

- personal accidents;
- accidents involving the vessels;
- accidents on shore;

- accidents specifically involving a vessel's cargo, or cargo
stored on shore,

Of these, personal safety, vessel safety and shore safety have always been
an integral part of maritime transport and port design, well understood,
well respected, with well defined procedures and regulations serving to
minimise the number and severity of accidents. The potential dangers from
the vessel's cargo on the other hand depend on the properties of the cargo;
safety measures to minimise these dangers have gradually been introduced

as the trade in that cargo has increased and sufficient experience has been
gained from incidents to establish the extent to which the potential hazard
of the cargo is realised in practice.



The transport of liquefied gases, particularly the large scale transport
of refrigerated LNG and LPG, introduced a new type of hazard into maritime
transport. Although the potential for personal accidents and vessel
accidents were common to other cargo vessels, the nature of the cargo was
different, in that,were a cargo spillage to occur, the resulting vapour
cloud could affect the lives of people remote from the source of the
accident.

The technical assessment of this new type of marine hazard and the potent-
ial consequences with respect to vessel design constituted the first
application of technical safety to LNG/LPG transport, through the intro-
duction by IMCO of measures designed significantly to reduce the likelihood
of cargo spillage in the event of a vessel accident. These measures were
based on technical and statistical grounds. Thus the introduction of
minimum separation distances between the outer skin of the vessel and the
cargo tanks was based on statistical data relating to the depth of hull
penetration of the affected vessel in the event of collision or grounding,
the separation distance being specified so that the majority of accidents
would not penetrate the hull deeply enough to damage the cargo tanks. It
is measures such as these that are responsible not so much for any improve-
ment in the historical accident record of gas carriers relative to other
vessels (as this largely relies on traditional seamanship qualities), but
for the very low frequency with which serious gas carrier incidents lead

to cargo spillage. This can be clearly seen when gas carrier incidents are
compared to oil carrier incidents (Table 1). The remaining special hazards
that might affect the vessel and its cargo occur where the vessel may be
vulnerable to severe collision, hard grounding on an inhospitable sea bed,
exceptionally severe fire and explosion, or suffer unfavourable follow-on
events after an accident. These potential hazards, still of considerable
importance, provide a more limited role for technical safety in evaluating
the need for, or effectiveness of, traffic regulatory measures designed to
minimise the risk of an accident in ports or port approaches.

Having addressed the question of technical safety with respect to vessel
design, where there has clearly been a positive benefit, it is possible
to identify two other areas where technical safety can play a similarly
positive role: port design and contingency planning.

In port planning, the prime technical safety concern is to ensure adequate
separation of the areas processing, storing, discharging or loading LNG/LPG
from other vulnerable areas of the port. 1In particular this involves
storage tank to storage tank separation, storage tank to berthed vessel
separation, inter plant separation, and loading/unloading arms to passing
ship separation. The separation distances are determined by the criteria
required, e.g. for crew to be able to take remedial action on a vessel if
the land storage tanks are ablaze, for one blazing tank not to threaten
another, and so on.
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In the case of contingency planning, the ability to ?Oordinate actions in
the event of LNG/LPG emergencies requires technical information about the
behaviour of the materials in the event of a spillage, such as the likely
travel distance of any vapour cloud or the effect of waves and winds on

a spill from a grounded ship.

The experience so far in the application of technifal safety to port
design, traffic regulatory considerations and contingency planning is
limited, but the examples in the next section provide an outline of some
recent applications.

THE EXPERILENCE SO FAR

Traffic Regulatory Measures

3.1.1 The necessity

In many busy shipping areas throughout the world the movement of traffic is
regulated by shore-based marine traffic services with the capacity for
surveillance of all movements within their areas of jurisdiction. The
areas are usually those covering ports and their approaches, although a

few such services do operate by international agreement over international
waters, such as the Dover Strait. The overall aim of these services is,

of course, to improve the safety of shipping movements without incurring
unnecessary delays.

It is most common for these services to be operated by the State or a State
Agency, although in the UK all services covering port areas are operated by
individual and autonomous port authorities. The degree of sophistication
of many services now, in terms of regulatory powers and equipment, are

such that they have the ability to impose a wide range of limitations and
restrictions on the movement of shipping through their areas,

Nevertheless, the need for any traffic regulatory measures must be establish-
ed before their introduction is proposed, either by reference to the historic-
al accident record of similar operations, or by attempting to predict the
degree of safety to be expected from the operation taking into account the
local environment. This must be related either to the historical safety
record of the port, or to an appropriate safety criterion. As LNG/LPG
carriers have only a comparatively short history in terms of vessel-years,
the expected degree of safety in any one particular port is generall¥
estimated by predictive methods. Such methods start out by considering the
local environment and the cargo to be carried, as set out in the checklist

in Figure 2, and then to consider all the possible aceide?t scenarios fol}ow-
ing a procedure similar to that shown in the diagram in F1gure.3.- Following
such a formal procedure, the potential hazards can be systematically
evaluated and the consequences considered quantitatively in terms of hazard
distances, estimates of risk, or generation of risk contours (1, 2).



Such predictive studies have been carried out for several ports and port
approaches where LNG/LPG shipments were planned, for example at Porsgrunn,
Norway (3), Cove Point, USA (4), Rotterdam, The Netherlands (5) and for
other planned operations such as Zeebrugge, Belgium (LNG), Eemshaven,

The Netherlands (LNG), Dampier, N.W. Australia (LNG), Nigg Bay, Scotland
(LPG), Braefoot Bay, Scotland (LPG).

3.1.2 The application

There have been a number of instances where consideration of the nature

of the cargo has been used as a background to selecting appropriate
regulations, with consideration of the effect that these might have on

the overall traffic flow. Much of the pioneering work in technical safety
application has been carried out in the USA, by the US Coastguard. In

the UK two such studies have been undertaken, at the River Tees (6) and
within the Forth Estuary (7), with the regulatory procedures then adopted
as the general practice.

In both of these cases the investigations centred around the selection of
ships carrying those cargoes having the potential to cause the greatest
danger or damage at distances remote from the accident source and then
selecting ships carrying those cargoes for specific regulatory measures.
The general principle adopted was that where traffic regulatory require-
ments imposed delay on any shipping movements, they should apply to those
ships carrying the hazardous cargo.

The Forth Study

In the case of the Forth, the total traffic at the time of the study
amounted to just less than 4,000 vessel arrivals per annum with an antici-
pated growth of about 40% forecast, including a large growth of petro-
chemical shipments.

The layout of the port is shown in Figure & with the approaches to
Grangemouth Dock divided into five sectors for traffic regulatory purposes.
In general terms the regulatory measure reflected the funnel effect of the
port.

Within the outer sector 1 sufficient water exists to permit free movement
of shipping, but the traffic regulatory frequirement was for ships to make
initial contact with the shore base and confirm their berthing arrangements.
For sector 2 it was recommended that any designated hazardous cargo ship
should not enter that sector until and unless its berth availability was
confirmed to avoid an unnecessary transit of the port or having to wait in

a location exposed to other shipping movements. An area near to Inchkeith
was designated as a waiting anchorage area for hazardous ships only.

For sector 3, where the channel becomes more restricted, it was
recommended that no overtaking manoeuvre involving a hazardous ship should
take place without confirmation from the shore base. The primg reason for
this was that ships' speeds within this sector Yould be very.SLmalar, thus
any overtaking manoeuvre would mean that the ships ?ould be in close
proximity to each other for a prolonged period of time.

Within sector 4 it was recommended that as the channel narrowed to about
120 metres a one-way system of movement should apply with hazardous ships,
although the width of the channel was sufficient to permit normal two-way
traffic movements for all but the largest vessels using the dock.

Within the dock system Sector 5 it was considered that no hazardous carge
ship would leave its berth until there was direct access to the entrance
lock and that no other vessel should be moving between the berth and lock.

The Tees Study

In the case of the River Tees, a port accepting about 10,000 vessel move-
ments per annum with a high percentage carrying petrochemical pro?uct§,.
restrictions on movements of large ships applied due to tidal availability
in the port and due to the limiting width of the channel gpproac?. .
Traffic regulation for the larger ships was based on physical ship héndllng
requirements and the maximum sizes of ships able to pass each other in the
channel were defined (8). The selected hazardous cargo ships were.there-
fore regulated such that they would avoid the high water times (which would
be the only periods in which the larger ships would be able to move) and
also to find a time slot when they would have a one-way movement through

a section of the river.

3.1.3 The effects

Ideally, of course, there are two effects to be measuFed or assessed when
considering the desirability of introducing any traffic regulatory
measures. The first of these is the likely reduction in the chance of a
ship accident and the second is the increase in delayg to‘shipping move -
ments, if any, which may result. The gain in safety is likely to be large
in the above two cases, since the possibility of the haFardous ships
having an accident with another is virtually zero, barrxvg gross cases of
human error. The second criterion, that of delays to shipping movements,
was assessed by comparing the original level of delays to the de}ays in-
curred with the new measures by computer simulation o? the traffic flows,
validated by the records, in the harbour-master's office, of the actual

delays experienced.
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In the investigation of regulatory procedures introduced for the Forth,

it was concluded that the delay would affect only 10% of hazardous ship
movements, the delay being approx. 15 minutes, In the more complex

traffic situation applying in the River Tees, with the higher overall levels
of traffic, it was found that a hazardous vessel was three times more likely
to be delayed than an ordinary non-hazardous vessel of similar size, but the
average delay when it occurred was in the order of 35 minutes.

In both cases it was considered that the levels of delay were small when
compared with the accumulated delays which usually occur during a normal
voyage of a vessel, which may amount to several hours. These additional
delays were considered to be a small price to pay for the large gain in
ship movement safety and the regulatory procedures have therefore been
adopted by both these ports, so far without any accident involving a
selected hazardous ship and without any undue delays to the overall
port's traffic.

Port Layout

Where new ports are planned, or existing ports have sufficient free area
to allow a choice of locations or layout for a proposed LNG/LPG operation,
the formal procedure shown in Figure 3 can be applied to ensure adequate
personnel safety and to minimise economic loss or loss of efficiency to
other sectors of the pert in the event of a major accident. The use of
such procedures is considered to be preferable to the rules of thumb used,
for exawple, in the separation of shore storage, where reasonably accurate
quantitative calculations can be made (e.g. Ref. 9). Figure 5 shows an
example for the separation distance between an LNG astorage tank and a

berthed LNG carrier in the event of a major storage tank fire.

The Port of Jubail is one example of a practical application in the
authors' experience where the principles of technical safety were applied
to port design and layout (10). Separation distances between important i
items such as ships and shore storage tanks were specified on the basis

of flame radiation and blast overpressure levels, as shown in Figure 6.

An alternative way of presenting hazard information so that decision can
be made on the implications of industrial activity for the port area,
and the surrounding communities, is the use of risk contours. A good
example can be seen in the risk study done for the Rijnmond Authority in
Rotterdam (11), Fig 7.

In existing ports, there is less scope for technical safety as there is
rarely a sufficient degree of flexibility. There is nevertheless useful
application in assessing the need for remedial measures to reduce
particularly high risks, and in evaluating their effectiveness.
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Contingency Planning

3.3.1 The necessity

The necessity for a comprehensive port marine emergency plan is hopefully
self-evident. In many ports, such emergency plans do exist, althoug@

they are largely structured as a communications exefcise for the mobilisa-
tion of appropriate services under a prescribed Chal? of commend. Thus,
only some three ports within the UK ever conduct a live exercise to test
the effectiveness of their plans. Bearing in mind that within tﬁe UK
particularly, a large variety of organisat%ons may be involved (in one
major port some 28 separate bodies are actively involved in the emergeacy
plans), this low frequency of live exercises can only be regretted.

To the authors' knowledge no port emergency plans within the UK degl
specifically with large-scale releases of liquefied gases a?d chemicals,
although it is known that some 13 ports, not all of them major ports,
handle large quantities of such cargoes.

3.3.2 Existing examples

There are cases, of course, of emergency plans which consider possi?le
spillages of liquefied gases and chemicals, §ometimes even on a design
spill basis. Examples of these can be seen in the USA (New York (13)
and Rhode Island (14))and in the port of Rotterdam (15), where the plaas
are based on the information contained within the Chemical Hazards
Response Information System (CHRIS) provided for the US Coastguard. Ia
general terms, these emergency plans are based on the llgely beh§V1our
of hazardous cargoes if released during an accident, tak1ng’part1cular
account of the ranges of adverse affects likely to be exyerlgnced. Such
considerations permit the emergency services to take action in the )
anticipated areas of danger and put into effect appropriate evacuation

plans.

In the case of Rotterdam, the emergency services use the basi?, but
effective tool of a map showing potential danger areas de?endlnglon tyoe
and amount of cargo spilled and prevailing weather conditions which caz
then be superimposed on the location of the source of s?lllage. This
allows the services to identify the areas of concern whilst at the‘sa:e
time giving them some indication of the time available to the services to

effect their emergency plans.

In many cases it would be impractical to try and_provide.emergency services
with a capability of dealing with the worst P0551b1e acc1?ent. TE A4S
however quite within the bounds of practicability to ?rovzde emergency
response capability for a range of smaller but more likely accxgents. For
this to be effective, however, such plans can only be ?rawn‘up in full know-
ledge of the technical safety aspects referfed to_earix?r, 1? they are to
minimise the catastrophic effects of an accident involving liquefied gzses
or chemicals in a congested waterway.



4.0 CONCLUSIONS

HModern methods of Risk Assessment and Hazard Analysis allow the definition
of potential hazards in ports handling hazardous cargoes. The relevant 5.9, BEFERENEES
factors identified in this formal and comprehensive way allow a measured
response to be made in terms of traffic regulations, port layout and
contingency planning on a cost-effective basis.
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TABLE 1
Comparison of the ratio of cargo spillage to vessel accidents between gas
carriers and oil carriers.
Ratios
Vessel type All spills to | All major spills [ A1l major spills
all incidents | to all serious as a result of a
incidents total loss
0il tankers 1:9¢0 1:6¢% 1:3¢¥
Gas carriers (over 10,000m3) 1:150(A) < 1:22(5) -
Notes
(1) 452/3183 polluting incidents : casualties for 1969-1973. (2 3000 DWT)

U.S. Coastguard, based mainly on Lloyds List. Quoted in Gray W.O.

"Vessel operating casualty records' International

Tanker Safety Conference 1975, Norway. 234/3089 oil outflows
casualties for 1974-1980, Tanker Advisory Centre 'Trends in
Tanker oil spills and losses' Aug. 1980, based on Lloyds List
( 26000 DWT).

14/74 major oil spills : serious casualties for year ending Dec.
1979, 5/38 for year ending Dec., 1980. Lloyds Shipping Economist.

14/25, 5/25 oil spills : total losses for years ending Dec. 1979,
1980 ( >10,000 DWT) Lloyds shipping economist,

2/285 cargo spillage : reported casualties over the period
1964-1979 (210,000 cum). From Poten and Partners Inc.
"Liquefied gas ship safety' May 1980.

2/44 cargo spillage : serious casualties. The ratio is clearly

a maximum as the cargo spillage events cannot really be considered

the equivalent of the major oil spills. Ref as (4) above.
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FIGURE 2 - PRELIMINARY CORSIDERATIONS TO ESTABLISH THE EXPECTED LEVEL OF

TECHNICAL SAFETY
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Fig.l : The rapid growth in LNG and
LPG trade. Reprinted by permission of
the Council of the Institution of
Mechanical Engineers from R.C. Ffooks
"The shipping of LNG and other gases"
Proceedings 1979 Vol. 193 Ne.16

(_ Stage I Layout of port and approaches in terms of channel
lengths, widths, bends, depths, manceuvring and
PHYSICAL turning areas.
IMITATIONS et ) . S
E Prevailing winds, currents, tides, waves, visibility.
Proximity of approach channel to residential,
industrial, agricultural and amenity areas, as well
as any areas of particular environmental interest.
Stage 2 The numbers, sizes and types of shipping, both current
and expected.
TRAFFIC
CONSIDERATIONS The need for any particular - -traffic to have priority
of movement, e.g. passenger ferries.
Stage 3 . Examination of port accident records to identify any
particular accident 'blackspots' with reasons for or
ACCIDENT circumstances of their occurrence.
RECORD
. Examination of port accident rate.
Stage 4 The properties of cargoes being accepted and their
method of carriage and containment.
NATURE OF
CARGOES The likely behaviour of the cargoes in the event of

spillage or leakage to air and water.

The types of accident likely to result in
spillages.

Likely accident scenarios.




FIGURE 3 - FORMALISED PROCEDURE FOR THE RISK ANALYSIS OF PROPOSED
HAZARDOUS OPERATION
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STAGE 4 1. Order the accidents in terms of their like- Figure 4 : Subdivision of the Forth Estuary into five sectors for
lihood of occurrence traffic regulatory purposes. From reference (6).
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3. Assess the effect that any remedial measures
may have on the risks
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