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1. INTRODUCTI ON

The cargo transfer operation is one of the vulnerable
points in marine transportation. When hazardous materials
are involved, the safety of the operation concerns not
only the employees and CIew in the immediate vicinity of
the transfer area, but also the employees in the terminal
itself and the nearby population. One of the most import-
ant safety issues in respect of the transport and cargo
transfer of hazardous materials is the fact that in the
event of an accident, the material can produce 2 signifi-
cant impact at a distance from the operation. The extent
of potential impact obviously impinges on the design of
the facility. Major hazards have the capability to affect
both adjacent plants and the community and we, therefore,
principally address the issue of such hazards in this
context.

2. BACKGROUND TO MAJOR HAZARDS

Before embarking on a discussion of the 'Major Hazard'
aspects of the ship cargo transfer, it is worth defining
the scope of the term Ma jor Hazard, and discussing briefly
the relationship of cargo transfer to the total operation
of handling hazardous cargoes.

Ma jor hazards are regarded as the hazards relating to the
handling of materials which could, if mishandled, cause
damage at a significant distance from the source of the
material, or pose a threat to 211 lives and property in
the immediate vicinity. By this definition are excluded
the common sort of mechanical hazards commected with any.
cargo handling operation, such as accidents with lifting
gear, falling objects, etc. Thus, to define the major
hazard, three main factors must be considered. These are:

(i) The material - flammability, toxicity, explosibil-
ity, potential for release and spreading either as
a liquid or a coherent cloud.

(ii) The amount - content of major storage vessels in
system including ship's hold, size and flowrate
in transfer lines.

(iii) Potential for damage - analysis of consequence of
. damage which could be caused.



The design of the whole of an installation handling
hazardous cargoes should, and nowadays often does, involve
a detailed analysis of the relative impact of the various
parts of the operation (unloading, transfer, storage,
export or use) on the overall major hazard impact. Such
analysis often results in the design being altered in
order that the overall hazard is minimal. The spacial
considerations (layout) are of particular importance in
this respect. Thus the hazards of unloading represent a
part of the total hazard picture. Each aspect of the
total operation has its own special features from the
hazard point of view (e.g. large quantities - tanks; high
failure rate - small/medium bore pipes; maximum spreading
potential - equipment with no 'secondary' containment).

Having made such an analysis, it would be erroneous to
suggest that this was the end of the matter. Past
experience of incidents which have occurred in a context
similar to that being considered must be related to what
the analysis tells us. For this reason, an interpretation
of historical major hazard data provides a reference point
for the credibility of the theoretical analysis. It
should, however, be noted that such reference to previous
incidents is often drawn from a statistically inadequate
base. The number of plant years of actual experience can
be several orders of magnitude less than that required for
a statistically significant comparison to be adduced.
There are certainly precedents for the existence of major
hazards during unloading (as indicated below) but these by
no means indicate the whole range of plausible incidents
in this situation. '

The purpose of this paper is to examine the most signifi-
cant hazards in the shore installations, and then to look
at the implications both for the location and layout of
the berth, and the detailed design of equipment, with
special reference to cargo transfer.

Bin DAMAGE ACTIONS AT A DISTANCE

Before looking at the ways in which the hazards during

unloading operations may be analysed, it is instructive

to first list the mechanisms which will cause the effects

of a release to be felt at a significant distance from the

Eoint of release. These can be conveniently grouped into
categories as follows:



(i) Fires at the point of emission (pool fires, jet
fires, fireballs); produce damaging heat
radiation levels and/or possibly toxic products
of combustion.

(ii) Spreading of ignited flammable material; ignited
spreading pool envelops property/personnel.

(iii) TFlammable (unignited) or toxic vapour clouds;
envelope populated regions; in case of toxics
depending on 'toxic load' imposed, death or
permanent injury caused; in case of flammables
presence of ignition source causes flash fire
and possibly unconfined vapour cloud explosion -
(UVCE)

(iv) Explosions; (partly covered by (iii)) confined
explosions; causing damaging pressure waves and
missiles.

Clearly a major release of a hazardous material during
unloading could result in any of these 4 'actions' or a
combination of such actions depending on the circumstances
of the release.

L. MAJOR HAZARDS ASPECTS OF THE CARGO TRANSFER SYSTEM

The cargo transfer system is the most vulnerable part of
any marine terminal; the regular coupling and uncoupling
of loading arms or hoses, the flexibility necessary to
join the ship to the Jjetty, the arrival of vessels whose
crew may be unfamiliar with the particular marine terminal
and outside the terminal manager's responsibility. From a
ma jor hazard point of view, particularly for liquefied
gases, the cargo transfer operation 1is especially vulner-
able because of the likelihood of any spill landing on
water leading to much faster spreading and vaporisation
than on land, also because of the lack of control over the
movement of vessels to seaward of the Jjetty which intro-
duce sources of ignition for any flammable cloud, and
finally because of the high discharge/loading rate.

The major hazard aspects can be treated Dby identifying
the possible failure cases and quantifying the consequences
of such failures.



4.1 Identification of cargo transfer failure cases

These major hazard failure cases for the cargo transfer
operation focus on failure of the loading arm itself.
Other related failure cases such as blowing relief valves
or leakage through deckwork or tankage have not been
included in this discussion.

Loading arm failure could be caused in a number of
different ways, amongst them:
[}
- incorrectly tensioned or poorly maintained
mooring lines;

- heavy waves, swells or seiches leading to
excessive movement;

- excessive loading/discharge pressure;
- 1liquid surge;

- mechanical or design faults;

- collision by passing ship.

As far as is possible, effort is made to reduce the
probability of such events leading to fracture by the use
of alarms, such as out-of-range sensors and high pressure
Sensors.

'In the event of a loading arm fracture, the amount of
cargo spilt will depend on the speed of isolation of the
arm. TIf an automatic emergency shut down system has been
built into the loading arm design, or if the attendant
operator has access to an emergency closure button, the
release duration may be little more than the design valve
closure time, about 20-30 seconds. If, on the other hand,
the loading/unloading line isolation valves are remote
from the loading arm itself, then not only can there be a
delay whilst communicating the news of the fracture to the
point of valve closure, but also the spill quantity will
include the inventory of the line back to the isolation
valves.

In the event of arm fracture from excessive ranging, 1t
is possible that more than one loading arm will fracture.
A further failure case usually considered is the loss of
the inventory of the arm due to inadvertent disconnection
after discharging whilst still full of liquid.



The suite of failure cases that would thus typically be
used in assessing the potential major hazard impact from
the loading arms themselves on the rest of the install-
ation and on the surrounding areas would be:

1. Major failure of 1 loading arm:

a) Release isolated after 30 seconds;

b) Release isolated 5 minutes after fracture;

c) Release isolated 5 minutes after fracture,
isolation point remote from loading arm.

2. Major failure of 2 (or more) loading arms:
a), b) and e).

3. Loss of arm liquid inventory.

4, Failure of vapour return arm: aj), b) and c).

L.,2 Potential conseguences of cargo transfer incidents

The amount of cargo spilt following a fracture of the
loading arm can be estimated from a knowledge of the pump
curve characteristics, or more approximately from the
diameter of the arm and the pumping pressure. The
approximate quantities involved can be seen_by example:
for a 16" loading arm, a spill of about 30mJ would be
predicted for a rapidly isolated fracture. In the case
of delayed isolation the spill size would increase at
about 1lm2/sec. If, in addition, the lines can only be
isolated at the shore end of a long jetty, the spill size
would be increased by the inventory of the transfer line:
200m of 16" line would yield an additional spill quantity
of about 26m3.

Inadvertent uncoupling of the isolated arm when stlll
full of liquid would result in a spill of about 3m’ for a
16" arm, or 1lm> for a 10" arm.

On discharge, a pressurised liquefied gas will flash off,
entraining liquid droplets as it does so. Part of the
residual liquid fraction can be expected to be sprayed
over the ship and Jjetty structures, or to land on the
water between the Jjetty and the ship, where the large
heat input from the water will cause it to vaporise, or
“beil off", rapidly. - In the case of fully refrigeraiced
liquefied gases, very little flashing occurs, but the
liquid fraction will still spread rapidly over the water,
leading to a high rate of vaporisation. Only the less
volatile liquefied gases and liquids, such as butane or
acrylonitrile, can be expected to remain on the water in



liquid form for any appreciable period of time. The
resulting vapour cloud, which may contain a large
proportion of the material discharged, can be expected
then to drift downwind. An idea of the size of the

cloud can be gained by taking pressurised liquefied
butane as an example: assuming that the initial momentum
of the release is sufficlent to dilute the cloud down to
the upper flammable limit (8.5 vol %), the cloud volume
for a 30m3 liquid spill is 353m3, equivalent to a pan-
cake shaped cloud 5m deep and 9.5m diameter.

The vapour cloud will travel some distance downwind
before the degree of air entrainment will have reduced
the cloud concentration to harmless levels. In the case
of flammable vapours harmless levels are reached around
the Lower Flammable Limit (usually around 1-5 vol %)

or, if one wants to be more cautious, at half this value,
but for toxic vapours very much lower concentrations must
be reached, sometimes down to just a few ppm (~ 10~% vol %),
as for chlorine and phosgene. Travel distances also vary
with the type of material: low boiling point materials
such as LNG will travel much further than low volatility/
high _boiling point liquefied gases such as butane.

A 30°m spill of LNG might drift 400-500m downwind in
typical weather conditions (5m/sec windspeed, Pasquill D)
If1 contrast, a 30m3 spill of chlorine can be expected to
travel several kilometers before dispersing down to a
safe (but still irritant) level .

One point often missed in the discussions of safety
distances from loading/unloading arm operations is that
in the larger spills resulting from delayed isolation,
the maximum travel distance is often little more than in
the rapid shut-off case. This is due to the rapid
establishment of a steady state in the advection and
dispersion of the cloud. What is different between the
two cases is the area covered by the cloud and the '
duration of that coverage, both factors tending to
increase the likelihood of ignition of a flammable cloud,
or the exposure duration and consequently the total toxic
'dose' in the case of a toxic cloud. Thus there is still
advantage to be gained by use of rapid-isolation systems,
though major changes in the cloud travel distance cannot
be achieved unless the closure time is extremely short
(of the order of 10-20 seconds at most).



5h PROTECTIVE AND PREVENTIVE MEASURES

The foregoing discussion 1llustrates the effect of the
action of protective measures that aim to reduce the
size of spills and hence the possible hazards from the
cloud. In addition, there are protective measures to
limit the effects of spills after they have occurred,
and finally, a 'protective measure' in the form of suit-
able siting of the facility and the definition of safety
exclusion zones. These are considered in turn below.

5.1 Systems for limiting spill sigze in cargo transfer
systems

The two systems that are considered here are the auto-
matic loading arm disconnect system and systems for '
rapid isolation of the main cargo transfer pipelines.

5.1.1 Loading arm disconnect devices

The design of rapid-disconnect systems for loading arms

is still evolving, but the current general form is a
hydraulically operated flange joint sandwiched between

two ball valves. The mechanism is interlocked in such

a way that hydraulic pressure is not available to

release the flange clamps unless the two ball valves are
fully closed. The signal to initiate valve closure and
disconnect may come from various sources, e.g. manual

push buttons, pressure sensors, loading arm position
monitors etc. The last of these can be quite sophisticated
now, with micro-chip logic to evaluate the true allowable
envelop: in three dimensions, and with two levels of alarm.

There 1s some tendency to think that because a system of
this kind has been fitted, the 'loading arm problem' has
been eradicated. This is not entirely true, and it is
still necessary to subject the system to a full failure
mode analysis. Points to watch for are speed of response
and possible inadvertent disconnection.

The automatic out-of-range trip device gives adequate
protection against excessive ranging due to adverse
weather or sea state, because the onset of the condition
is sufficiently gradual that the full valve closure/flange
disconnect cycle could be completed easily (in about 20
seconds, in fact) before a dangerous situation could be
reached. However, if the reason for the loading arm being
out of range has a sudden onset (e.g. storm surge,
collision by a passing ship, etc.) the system may not
operate fast enough.



Tnadvertent disconnection while the ball valves are gdill
open is unlikely to be caused by an incorrect command
signal because the hydraulic system will not permit this.
However, in order to ensure the reliability of the dis-
connect function, mechanical interlocks to prevent
inadvertent disconnection are avoided. In certain
designs, this could mean that the flange could be

released if the unit is accidentally struck, or not
properly connected in the first place. Attention must
therefore be paid to the possibility of mechanical

impact on the clamps, and to checking that 'over-centre'
devices are fully home when the joint is first made .

Bear in mind that this joint is not the normal operational
joint; once made, it is not opened except in emergency and
For all the rest of the time it hangs on the end of a
loading arm and may receive little attention.

c.1.,2 Isolation of ecargo transfer lines

With long cargo lines, surge effects may be a major
constraint on design. They will impose a limit en the
speed with which valves should be closed at either end,
and in this regard it is vital that valves situated on
the ship's manifold should not pose a threat to the whole
system by having too fast a closing speed. This should
be checked at each berthing, because of possible modifi-
cations to the ship. :

The shore side usually has remotely operable valves, a
typical example being a valve at the berth end of an
export line. In order to 1limit spill duration, closure
time may need to be very short (say 10 seconds) which
often causes a surge problem. To get over this, the flow
can be diverted by rapidly-opening dump valves into a
surge tank, usually situated below the line, for as long
as is necessary for a more slowly-closing valve to stop
the main flow. With a system of this kind it is feasible
to get the spill volumes down to a level which makes a
marked impact on the size of potential accldents.

5.2 Measures for spill control after the event,

Three measures are of particular interest in this
respect: Spill trays, water sprays and control of
ignition sources. The first two points are more applic-
able to smaller spills, where their usefulness has been
well demonstrated. The effect of spill trays in reducing
the boil-off rate has been well established, whilst water
sprays serve both to protect the ship's deck from low



temperature brittleness in the case of refrigerated or
flashing cargoes, and to disperse the cloud more rapidly.
The control of ignition sources is vital both to small
and large spills, but particularly to the large spills
which might envelop a large part of the ship, including
areas remote from the loading arms. After ship and
jetty ignition source control the most significant
potential ignition sources are usually those of passing
ships. The hazards that these ships present as ignition
sources shows the vital importance of a well-coordinated
port plan to deal with emergencies of the kind discussed
in this paper, including control over the movement of
other ships.

5.3 Berth location and safety zones

The specification of safety distances for a 'major hazard'
terminal can be done either by a full risk assessment
including all failure cases and their probabilities and
consequences, or (in a less rigorous but more readily
understood way) by definition of 'design spill' cases,
which have to be 'survivable'. Implicitly, the design
spills are chosen on the basis of their probability, so
the definition of them must follow after a proper engineer-
ing appraisal of the system. This would take account of
all protective systems, interlocks and shut-down devices,
as have been discussed above. Examples would be: loading
arm fracture - 5 minute spill (for an unprotected system);
30 second release - system protected by remote operated
valve but limited by surge effects; 10 second release -
highly automated system with good protection against in-
advertent disconnection and not limited by surge; -and so
on.

Several safety zones may need to be defined: an outer
zone for residential developments, derived from a low-risk
criterion; an intermediate zone for proximity to other
hazardous operations that may cause interactions or
'domino-effects'; and an inner zone for ignition source
control and security. Where relevant, these zones must

be deemed to extend to the sea-side as well as the shore-
side, for example, in specifying an exclusion zone for
unauthorised boats near the hazardous cargo berth.



