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Introduction

1.     INTRODUCTION

At its 14th session in December 1984, the IMO Bulk Chemicals Sub-Committee expressed  a willingness to consider amending the Codes governing cargo tank loading limits.

SIGTTO and IACS believed that for Type C tanks the Codes, in providing for certain safety  features, reduced protective measures available under fire conditions or increased the risk of  unwanted venting of cargo.  By updating the Codes, protection could be improved.

IMO's Marine Safety Committee at its 61st session (MSC61) agreed to change the IGC  Codes  and made available that protection.

The new amendments mean that Type C tanks, under fire conditions, can become liquid  filled.  In this situation the Code requires tank internal pressures not to exceed 20% above  the Maximum Allowable Relief Valve Setting (MARVS). IACS/SIGTTO were able to  demonstrate that Pressure Relief Valves (PRVs), whose capacity is calculated using methods  set down in the IGC Code, were able to prevent tank pressures exceeding 1.2 x MARVS.

To be assured, PRVs will, at all times, perform as designed, inlet pressure losses and built  up back pressures must be within the PRV manufacturers limits.

This latter requirement caused MSC61 to qualify acceptance of the Code changes.  They  stated that the Organisation would produce Guidelines as to how these pressure losses could be assessed

with both liquid and vapours passing through the vent system  simultaneously.

IMO delegated the task of producing the Guidelines to IACS/SIGTTO who completed the  work submitting a finished document to the 65th session of the Marine Safety Committee  (MSC65).  This publication bore the rather daunting title of: "Guidelines for Evaluating the  Adequacy of Type C Tank Vent Systems for the Assignment of Amended Loading Limits  Under Chapters 8 and 15 of the Gas Carrier Codes".

MSC65 recommended to IMO's 19th Assembly that the Guidelines be accepted.  The  Assembly acceded to this request clearing the way for those amendments, agreed at  MSC6 1, to come into force on 1st July 1998.

In the meantime, IMO has, by means of a Circular Letter to Administrations, made provision  for Shipowners to take immediate advantage of the loading limit procedures.  If Owners can  demonstrate their ships have adequate vent systems, under the terms of the Guidelines,  Administrations may then permit loading to the new arrangements.

IGC Code changes have made compliance a less precise process than conforming to the  original Code.   This is because the criteria for determining the lowest cargo density  anticipated becomes the highest operational cargo temperature encountered.  To predict the  "highest operational cargo temperature" requires some judgement on the part of the  Shipowner and an ability to convince Administrations that the selection is reasonable.

The object of this booklet is to remind Shipowners and Terminal Operators of the  improvements in safety which these new amendments provide.  It also shows how the  advantages can be taken in full.
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2.   CHANGES TO THE CODE - WHAT THEY ARE AND WHAT THEY MEAN

2.1  Loading Limits - unamended procedures

Chapter 15 of the IMO Gas Codes recognise that liquefied gases possess large coefficients of thermal expansion.  The maximum volume to which any tank may be loaded is governed by a basic formula.  The Code amendments have refined this expression, however, any changes which have been made are for the purposes of clarity only.  The principles remain valid and unchanged and in that sense can be regarded as unamended.  The latest version, and the one which will be reproduced in future editions of the IGC Code, reads as follows:-

                (R
LL = FL   ___
                 (L

where, prior to the changes being considered, the various components are always defined as

 follows:
LL    =      loading limit expressed in percent, which means the maximum liquid volume relative to 

                 the tank volume to which the tank may be loaded.
FL    =
filling limit  = 98% unless certain exceptions apply.

(R    =
relative density of cargo at the reference temperature.

(L    =
relative density of cargo at the loading temperature and pressure.

The reference temperature is defined as the temperature corresponding to the vapour pressure of the cargo at the set pressure of the relief valves.

For Type C tanks where there is no temperature control and the pressure of the cargo is dictated by the ambient temperature, then the design vapour pressure should not be less than the gauge vapour pressure of the cargo at a temperature of 45(C.  For ammonia, the design vapour pressures would be not less than, say, 17 bar gauge, for propane not less than 14.5 bar gauge.

Actual design vapour pressures are frequently a little higher than these values, up to 18 or 19 bar gauge.  These pressures represent the Maximum Allowable Relief Valve Settings (MARVS).

When loading a Type C tank in compliance with the Codes, a Master knows that the greatest volume his cargo will occupy, within its tank, will be 98%.  The cargo, under these conditions is assumed to be at a uniform temperature.  If the Master does not take advantage of the new Code amendments, this temperature will be the boiling point of the cargo at a pressure equal to MARVS.  Cargo density corresponding to these conditions will almost certainly be much less than any likely to be encountered during loading, transit and unloading.  However, it is this notional cargo which occupies  98% of tank volume and it is the weight of this cargo occupying  98% of tank volume which is the cargo tonnage that can be loaded.  The
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actual loaded mass, therefore, takes up a volume, throughout the entire cargo transhipment, which is less than 98% of tank volume.  Simply put, this means for a normal voyage, cargo space is under utilised and "cargo shut-out" occurs.  A numerical example illustrates the position quite clearly.

Take a vessel loading propane at the minimum tank temperature of -5(C with MARVS at 16 bar gauge.  Using the appropriate tables giving thermodynamic properties of gases and applying the Code formula:

                 (R

LL = FL   __
                 (L

the volume to be loaded can be calculated:

Reference temperature +49(C (corresponding to Saturated Vapour Pressure (SVP) of 16 + 1 = 17 bar for propane)

Density of liquid propane at 49(C    =
452 kg/m3
Loading temperature                        =
-5(C

Density of liquid propane at -5(C    =
536.4 kg/m3

           LL    =
98 x  452   



    536.4 

                                                          =      82.6

The tank can be loaded to 82.6% of tank volume.

Under these circumstances, the shut-out is significant.  It is this shut-out that reduces cargo tank protection during a fire situation, as described in 2.2 below.

2.2    Code changes to increase tank protection

Those responsible for the Codes have always recognised that there are sound safety reasons for avoiding cargo shut-out which are in no way related to commercial considerations.  The concept is very simple.  The more liquid full the tank, the longer the upper tank structure will be able to withstand fire conditions.  The heated liquid in the tank expands with gas bubbles when the PRV opens and cools the top of tank until a quantity of liquid has been vented through the relief valve system.  After this time the upper regions of the tank become exceedingly hot and eventually fail.  The greater the mass of liquid inside the tank, the longer temperatures can be prevented from becoming dangerously high.

The Codes do allow for adjustable settings on PRVs.  By causing relief valves to lift at pressures below those required to avoid over-stressing of the tank structure, viz below MARVS, reference temperatures can be reduced.  This in turn, reduces the difference between reference temperatures and loading temperatures and consequently reduces the shut-out volume.

Using the same numerical example, the relief valve settings are adjusted to 7 bars gauge
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then with Reference temperature +18(C (corresponding to SVP 7+1 = 8 bar for propane).

Density of liquid propane at 18(C    =
505 kg/m3
Loading temperature                        =
-5(C

Density of liquid propane -5(C         =
536.4 kg/m3

                 LL    =
98 x  505


   536.4

                                                           =     94.2

Therefore, the tank can be loaded to 94.2% of tank volume.

This represents a significant reduction in shut-out.

However, adjustable PRVs have their own problem.  Relief valves designed for 18 to 19 bar gauge do not perform well at the reduced pressures required to minimise shut-out.  When operated at such settings, gases are ejected at velocities well below those associated with design pressures.  As a consequence, effluent gases are not propelled clear of hazardous areas.

2.3   The new amendments

In recent years IMO has recognised that the problem of shut-out on ships with pressurised Type C tanks has not been properly solved.  Either the fire protection afforded by full tanks or the ability of relief valves to project vented gases away from decks and structure is sacrificed.

The recently agreed amendments to the Gas Codes have produced a more radical solution which allows additional cargo to be loaded in Type C tank ships.  This concession is not granted to all Type C vessels; those designated by Chapter 19 of the Codes as being type  1G  ships are excluded.  However, these are specialised craft transporting chlorine, ethylene oxide, methyl bromide and sulphur dioxide and are not numerous.

When the Gas Carrier Codes were first produced, it was recognised that tank relief valve capacities were calculated using expressions which were largely empirical and which had been derived from small scale experimental data.  PRV capacity was based exclusively upon vapour flow.  IMO, therefore, decided tank relief inlets should never be exposed to liquid and to this end they required, that at no time, should the tanks be more than 98% full.  This decision led to the Filling Limit (FL) being fixed at 98%.

Since the Codes were first introduced, a good deal of work has been done on system pressure relief.  It has become apparent that at 98% full, relief operation would inevitably involve both liquid and vapour in the vented stream.  Two-phase flow occurs even when tank levels are at 80% or less.  This implied that relief valves, sized using design code methods, can cope with all conditions of two-phase flow and still provide protection against overpressure.
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A further concern was dispelled when it was demonstrated that even with a Type C tank 100% full due to fire exposure, when relief valves open, no jetting of liquid will occur at the mast head.

Much of this work was based on theoretical analysis made possible by an increased knowledge of the physics of two-phase flow.

Theoretical work was backed by practical tests.  The most significant of which provided IMO with results from full-scale fire tests concluded on a 64 ton capacity rail tank.  These showed relief valves lifting with a tank at 99% full.  Clearly, the relief valves were handling both liquid and vapour at this stage.  The single relief valve installed was sized to Code requirements for an intensity of fire, one-third of that which existed during the test.  Although pressures rose later as relief valves operated on pure vapour, during that period when liquid droplets were released along with vapour, no over-pressure or jetting of liquid occurred.

With this knowledge, IMO decided to amend the Codes as they relate to Type C tanks.  They added to Chapter 15, allowing a change in the definition of the relative cargo density for the particular category.  This will be incorporated into a new clause (15.1.5 of all three Codes)

stating: 

(R    =  relative density of cargo at the highest temperature which the cargo may reach upon termination of 

              loading, during transport or at unloading, under the ambient design temperature conditions.

"Ambient design temperature conditions" are linked, under paragraph 7.1.2 of the Gas Carrier Codes, to the performance specification for temperature control of cargoes which states:

"Upper ambient design temperatures should be:

sea:
32(C

air:
45(C"

The Code further states:

"For service in especially hot or cold zones these design temperatures should be increased or reduced, as appropriate, by the Administration."

This allows the Shipowner to demonstrate to the relevant Administration the rationale for his selection of "the highest temperature".

As regards the 98% of tank volume filling limit (FL), IMO have retained the requirement for 2% of tank volume to be a vapour space.

Although accepting that pressure relief valves can cope with all aspects of two-phase flow, IMO recognise relief valve performance can be badly affected by the vent piping system within which it is installed.  To this end, IMO require Shipowners to demonstrate that vessels taking advantage of the increased loading limits have tank venting systems which are adequate to deal with all aspects of two-phase flow.
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The Code amendment which addresses this requirement is contained in paragraph 8.2.18 of the IGC and GC Codes and paragraph 8.2.15 of the Existing Ship Code and is quoted below:

"The adequacy of the vent system fitted on tanks loaded in accordance with 15.1.5 is to be demonstrated using Guidelines developed by the Organization.  A relevant certificate should be permanently kept on board the vessel.  For the purpose of this paragraph, vent system means:

(a)
the tank outlet and the piping to the pressure relief valve;

(b)
the pressure relief valve;

(c)
the piping from the pressure relief valve to the location of discharge to the atmosphere and including any interconnections and piping which joins other tanks.'

IACS and SIGTTO cooperated and produced Guidelines referred to in the introductory passage.  These provide a method whereby adequacy can be assessed.  The Guidelines are now an IMO publication.  Shipbuilders should use the Guidelines as design criteria; for existing vessels their application will demonstrate if modification is required.

2.4   The effects of the new amendments

The advantage of these amendments is easily demonstrated.  Consider the previously worked example; should the vessel concerned be on a long voyage and likely to encounter sea temperatures of 32(C and air temperatures of 45(C for prolonged periods, the prediction of the highest temperature then becomes, say, 38(C (see comment in Appendix 2); under these circumstances, the Loading Limit (LL), becomes 86% of tank volume.  If however, it can be shown that the vessel will operate in temperate waters and that the highest temperature which the cargo may reach is 25(C, then LL becomes  90.4%.

If, as is often the case, this type of vessel loads cargo at 20(C and the highest temperature the cargo will reach is also 20(C, then the density ratio becomes unity and the LL is 98% of tank volume.  The nearer the highest temperature approaches the loading temperature, the less will be the shut-out volume.  When the highest temperature equals the loading temperature there is no shut-out at all.
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3.ADVANTAGES REALISED - A GUIDE TO ADMINISTRATION RECOGNITION

The introductory section made reference to an IMO Circular Letter.  This letter (MSC/Circ.604) grants discretionary powers to Member State Administrations permitting ships to load to the new limits. (See Appendix 1).

Permission will only be granted if the owner fulfils two basic conditions.  These are:-

(1)
Proof of the adequacy of the subject ship's vent system in line with the Guidelines prepared by IACS/SIGTTO on behalf of IMO.

(2)
Submission of a feasible Loading Limit assessment which is based on a rational prediction of the highest temperature a cargo is expected to reach during the handling and shipping period.

With regard to Condition (1), this proof can take the form of a Letter of Compliance issued by the Flag State Administration or a certificate provided by the Classification Society which is acceptable to Administrations.

An example of the format for such a certificate, used by Germanischer Lloyd, is, shown in Appendix 1.

Unless the configuration of a vent system is altered, there is no need to re-issue this certificate or Letter of Compliance throughout the ship's life.  It simply becomes part of that suite of documents which confirms the ship has been built properly and is suitable for the trade upon which she is engaged.

The procedures for achieving Condition (1) are described in Appendix 1 under the title of "Confirmation of Vent System Adequacy".
Concerning Condition (2), it is anticipated, for many Port States, that it may be necessary to submit Loading Limits proposals each time the ship is loaded.

The most obvious way to arrive at a readily acceptable highest temperature is to use the routeing information available to the Ship's Master.  Voyage planning data provides information in the form of isothermal charts which give sea and air temperatures for the oceans of the world for each month of the year.  Once the route of a laden voyage is selected, it is a simple matter to predict the highest temperatures to which the ship and her cargo will be exposed.  Appendix 3 demonstrates how these predictions can be used to determine the highest temperature to which the cargo can ever be expected to rise during the handling and shipping period.

Using this information, the Master will be able to calculate his Loading Limit by applying the procedures given in Appendix 3.

It is already known that the USCG will require calculations to be provided.

They have issued the following statement dated October 19th, 1994.
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"Vessel with Type C tanks which wish to load higher than 98% at the reference temperature should submit calculations approved by the Administration to:

Commanding Officer, Marine Safety Center (G-MSC-3)

United States Coast Guard

Room 6328

400 Seventh Street, SW

Washington, DC 20590-0001

U.S.A.

Tel: +1 202 266 6441

Shipowners should not be confused concerning the phrase.

"...wish to load higher than 98% at the reference temperature..."

USCG do not allow loading in excess of 98%.  They are simply stating that ships loaded to the new system can have cargo volumes which exceed 98% of tank volume at the reference temperature as distinct from the highest temperature.  The reference temperature is the temperature of the cargo at a saturated vapour pressure equal to MARVS.  The highest cargo temperature is as defined in 2.3 under the definition of relative cargo density.  It is at this temperature that the amended Code rules cargo volume shall not exceed 98%1 of tank volume.

If full advantage of the fire protection features provided by the cargo (see 2.2) are to be taken, it will be necessary to predict the highest cargo temperature with reasonable accuracy.  It will also be necessary to convince Port State Administrations that these predictions are indeed valid.  Along with proof of vent system adequacy, they are likely to require the rationale for selecting the highest temperature.

1
The IGC Code does permit loading in excess of 98% of tank volume under the terms set down in 15.1.3 and 8.2.17. These concessions have always formed part of the IGC Code, GC Code and the Code for Existing Ships.  They are granted on the basis of tank geometry and hull dimensions - nothing more.  Taking advantage of these allowances simply changes the datum by which the Loading Limit is calculated. FL, say, in the expression

(R

            LL = FL  ___      (see 2.1)

(L
becomes 98.5 instead of 98.  Under these circumstances, in the numercial example given in 2.1, the Loading Limit LL would become 83% - only 0.4% above the original figure.  The effect on 'shut-out' in this case is minimal and never of great significance.

January 1997
8

SIGTTO
Recommendations

4.   RECOMMENDATIONS

The tanks for which the Code amendments provide the greatest benefit are those for which identification of the highest temperature is the most difficult.  Type C tanks without temperature controls are subject to environmental conditions which frequently change.  Loading conditions can be quantified and any special discharge port requirements can be ascertained.  There still remains the need to predict cargo conditions as a result of the laden passage.

Although Appendix 2 explains how cargoes will change temperature in terms of physical laws, it was emphasised that they are introduced for illustrative purposes alone.  To attempt to quantity the highest temperature by calculation would require so many assumptions as to render the result meaningless.

The Isothermal method recommended in Appendix 3 provides a simple and conservative scheme for assessing the highest temperatures cargoes are expected to reach.  Loading Limits derived using these temperatures can be demonstrated as reasonable and able to comply with the requirements of the Gas Carrier Codes.

Information required by Paragraph 15.2 of the Codes remains valid.  The Administration approved product list for a range of loading and reference temperatures remains relevant and a copy should be retained on board by the Master.  The fundamental change brought about by the amendments is that, for those opting to comply, the reference temperatures are no longer linked to relief valve settings. The only valve setting which must be recorded is MARVS.  Reference temperatures will not be the saturation temperatures for a range of products carried at a variety of relief valve settings, but should be determined, to the satisfaction of Administrations, by the methods illustrated in this booklet.

Finally, application of Code amendments will result in increased cargo loads for specific conditions.  For existing ships, it is possible, although by no means probable, that this increased weight of cargo may compromise the design criteria for tank supports and for vessel freeboard.  Vessel owners contemplating a move to the new loading regime, should satisfy themselves that they do not have problems in these areas.
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5.   SUMMARY

The Code changes in Type C tank loading limits are simple.  Instead of cargo being limited to 98% of tank volume for all conditions including fire exposure, tanks which meet certain standards, are now limited to 98% under predicted operational conditions.  Administrations require proof that operators proposed loading limits will not result in cargoes filling tanks more than 98% during operations.  The presentation of a ship's voyage data in the form recommended will provide Administrations the comfort they require and Shipowners will have added fire protection with a reduction in unwanted venting.
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Appendix 1

CONFIRMATION OF VENT SYSTEM ADEQUACY

Shipowners will no doubt possess IMO's GC Codes; to establish vent system adequacy, Owners will need to obtain the IACS/SIGTTO prepared Guidelines referred to in IMO's Circular letter, MSC/Circ.604 Ref.  T1/2.04. This letter is mentioned in Section 3 and is quoted below.

INTERIM ARRANGEMENTS FOR THE ASSIGNMENT OF THE
AMENDED FILLING LIMIT REQUIREMENTS UNDER CHAPTERS 8
AND 15 OF THE GAS CARRIER CODES



The Maritime Safety Committee, at its sixty-first session (7 to 11 December 1992), approved amendments to chapters 8 and 15 of the Gas Carrier Codes proposed by the BCH Sub-Committee (BCH 22/14, annex 8).  It also approved interim arrangements for the assignment of amended filling limits under chapters 8 and 15 of the Gas Carrier Codes.

The Committee, noting that Guidelines for the uniform implementation of the aforementioned amendments are being developed, invites all Administrations concerned to apply the interim arrangements in their practice, as may be necessary.

While the Guidelines are being developed, shipowners and ship operators wishing to use the new loading limits, should approach the Administrations concerned with a view to obtaining the necessary approval after the following points have been considered:

. 1
the application should be limited to type C tanks;

. 2
an engineering evaluation of the arrangement of the cargo tanks and the total vent system should be submitted to the Administration for each ship design (such evaluation should address the adequacy of the vent system for the quantity of the predicted effluent under fire conditions); and

      . 3
for ships not subject to the GC Code (resolution A.328 (IX)) and the IGC Code, the

             adequacy of the tank structure for the additional weight of cargo should be demonstrated.



In essence it allows Administrations to decide if a ship should be eligible to apply the new amendments.  However, the Shipowner must make the detailed submission as instructed before the Administration may decide.

The intent of this circular was to provide for immediate application of the Code changes, prior to the completion of the Guidelines referred to in 8.2.18 (see Section 2.3).
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In the event, few, if any, Owners have travelled this route.  Administrations, when approached by Shipowners, referred the matter to Class and Class knowing IACS/SIGTTO were preparing the Guidelines preferred not to commit themselves until those Guidelines were complete.

MSC/Circ.604 still provides concessions which allow unilateral action on the part of Administrations.  However, now that the Guidelines are available as an IMO publication, the Circular Letter is no longer relevant.  The Guidelines have retained their unwieldy title and can be identified by reference to Guidelines for Evaluating the Adequacy of Type C tank vent Systems for the Assignment of Amended Loading Limits under Chapters 8 & 15 of the Gas Carrier Codes.
For shipowners wishing to work to the new loading limits the general sequence of events is as follows:

1.
Determine that the subject vessel's PRV vent systems are adequate under the terms of the IMO Guidelines.

2.
Offer proof of this condition to Flag State for recognition.

3.
Gain acceptance from the Flag State of vent system adequacy.

The Guidelines provide the key to complete this cycle.  They are now more complex than IACS/SIGTTO initially wished.  Early attempts to draft principles were based upon calculating head losses in vent systems passing vapour only. A simple factor was applied to these figures.  If the resulting losses did not exceed the manufacturers performance requirements, the system would have been acceptable for two-phase flow (liquid and vapour simultaneously).  The factor was dependant upon the outcome of practical research.  Unfortunately, insufficient work has been done in this field, so that the concept had to be abandoned.

IACS/SIGTTO then resorted to a more theoretical technique.  Since the thermodynamics associated with two-phase flow are still regarded as being in the development stage, a conservative approach had to be made.  The Guidelines fall into three sections.  The first, entitled "General" sets out a performance specification for the vent system as a whole.  The second section is called "Procedures", it provides the method whereby systems can be assessed against the performance criteria in section one.  Throughout the "Procedures", reference is made to expressions which must be used in the assessment process. It is these expressions which form the third section simply headed "Equations".  Two annexed documents complete the Guidelines.  The first gives full text of the IGC Code amendments2 as they refer to loading limits, the second provides a worked example of the "Procedures".



2  The Gas Carrier Code and the Existing Ship Code were also included in the amendments recommended by MSC65. They are not included within the Guidelines since these codes are not mandatory. However ships built under either GC Code or the Existing Ship Code can apply to operate to the new Loading Limits since the code changes also apply to the earlier documents.
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In order to apply the Guidelines to a specific ship, the Shipowner must make the following information available:

1 .
For each cargo tank the Pressure Relief Valve (PRV) capacity must be given.  The capacity is calculated in accordance with 8.5.2 of the GC Codes.  It should be noted that this value is dependant upon the Gas Factor which itself varies with the nature of the cargo.  Unless a ship has been dedicated to a particular trade, it is normal for the Gas Factor to be based upon      n-Butane.  This provides the highest Gas Factor except under unusual circumstances, when VCM gives the greatest value.  Relief valve capacity calculated on n-Butane  is generally regarded ac the most onerous and, therefore, the design criteria.

2.
Having obtained the Code capacity, it is necessary to provide the installed PRV capacity.  This will be taken from manufacturers' information.  When selecting PRV it will, in almost all cases, be a valve having a capacity well in excess of the Code requirements.  Values 200-250% above Code ratings are not unusual.  MARVS values are also required for PRV settings.

3.
Finally, it is necessary to provide a schematic diagram of the vent system from tank penetration to mast exit.  All essential dimensions should be given; where fittings occur they should be described (soft tee, hard tee, bend, conical expansion piece etc.) with full dimensions supplied.

With this information and the Guidelines, it is possible for a Shipowner to determine whether their vessel's vent system is adequate or not.

The Annex 2 Worked Example, contained within the Guidelines, shows that the calculation method is long and tedious.  It is basically an iterative process so that solutions have to be 'tried" until expressions are "satisfied".

There is another way.  The IACS members who have worked with SIGTTO on the Guidelines have programmed the calculation process so that it may be used with a PC.  Having been supplied with all the basic information, these Societies will quickly be able to determine the status of a vessel.  There is an added advantage to this route.  Class Societies will provide certificates to confirm that the subject vessel meets the standards required under the "General" section of the Guidelines and is therefore eligible to be recognised by Administrations as capable of operating to the new loading limits.

It is anticipated that most Administrations, although not all, will recognise these certificates from the outset and that production of sample calculations will not be necessary for Administrations acting as Port States.  As indicated in Section 3, the USCG will initially be the exception to this rule.

A certificate, devised by Germanischer Lloyd, illustrates the sort of document a ship will carry.  A copy is shown overleaf.

The Guidelines take note of the conservative approach which has been used in their development.  Under the General Section it is permitted to apply:

"A more accurate procedures for evaluating tank vent systems on flashing two-phase flow           should be consulted if these simplified procedures do not demonstrate compliance...."

The more "accurate procedure" will, of course, have to be acceptable to Administrations.
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[image: image1.png]Germanischer Llopd





Information Concerning Cargo Tank Loading Limits

Name of Ship
GL Reg. No.
Distinctive Number or Letter





Flag State
Cargo capacity




This is to certify that the vent systems of the cargo tanks have been examined on the basis of the "IMO Guidelines for Evaluating the Adequacy of Type C Tank Vent Systems' as per IMO-Assembly Resolution A.829 (19) and found adequate to allow loading limits of the cargo tanks in accordance with the new paragraph 15.1.5 of the applicable Gas Carrier Code as specified in IMO-Resolution MSC 32 (53)2) at the maximum allowable relief valve setting (MARVS) as outlined in the table below.

Cargo Tank No.
MARVS (barg)
15.1.5 applied (yes/no)
Remarks











1)             See IMO-MSC-Circular 604 of 26th January 1993

2)             Resolution MSC 32 (53) enters into force on 1st July 1998

Hamburg ........................................................
.................................................................

Seal and Signature

[image: image2.png]Es gelmn die Klassifikati iften des G i Lloyd in trer jeweils neuesten Fassung.
hlieBslicher Geri d und Ertull tist Hamburg. Es gilt d hes Recht.

Subject to the respective latest edition of Germani Lloyd's Classification Rules. Exclusive jurisdiction and place of
performance is Hamburg. German Law applies.
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Appendix 2

HIGHEST TEMPERATURES

Cargo warming commentary

Although this booklet recommends highest temperatures are identified from isothermal charts, it is useful to look at the way in which a cargo warms up.  Paradoxically, this can be done by considering Newton's Law of cooling, a simple empirical relationship which says that the rate of heat loss by a hot body in a cooler environment is proportional to the temperature difference between that hot body and the cold environment.  The natural world is such that these common sense arrangements can only approximate the truth.  With further empirical modification by later workers (Dalton, Dulong and Petit), the "Law" was considered to be valid for temperature differentials of 40(C to 50(C so can still be regarded as a starting point.

Expressed graphically, the cooling process is represented by Figs. 1 and 2.


Cooling body

temperature


Time
Rate of

heat loss
Temperature differential

Fig.1

Fig.2

If the concept is changed and cold body is introduced to a warm environment, then the reverse process takes place: (see Fig.3)

January 1997
15

SIGTTO
Appendix 2 - Highest Temperatures


                                                                                                                         Temperature of

                                                                                                                          environment

Warming body

temperature

                                                                                Time

Fig. 3

Now the cold body can be regarded as a loaded Type C gas carrier and the warm environment as the sea and air through which it passes.

Type C vessels with no temperature control
In assessing the highest cargo temperature, it is necessary to identify all contributing factors.

Take a simple situation in which a Type C LPGC, with no temperature control, sails on an infinitely long voyage through sea and air constantly at 32(C and 45(C respectively.  The cargo can be expected to warm up as Fig. 4 shows, reaching an equilibrium at a temperature somewhere between 32(C and 45(C.  In this hypothetical situation, and for purely illustrative purposes, the stable cargo temperature is selected at 38(C on the grounds that it lies somewhere between 45(C and 32(C.


                               50                                                                                     Air Temperature 45 (C

                                                                                                                  Highest Temperature 38(C

                               40       

                               30                                                                                     Sea Temperature 32(C

Warming body

temperature (C

                                    0         1         2         3         4         5         6         7         8         9         10

                                                                                          Time (days)  

Fig. 4

January 1997
16

SIGTTO
Appendix 2 - Highest Temperatures

In the illustration, the highest temperature in terms of the amended Gas Carrier Codes, is 38(C.  This assumes that the cargo cannot get hotter during the discharge process and that the duration of the voyage is in excess of 7 days.

This last point is important since, again assuming the discharge process has no effect upon the cargo temperature, the highest temperature becomes dependent upon the voyage duration.

However, that dependence may not be of great significance.  The situation described is hypothetical.  In reality, the environmental temperatures change, making the temperature differentials a variable so that the warming process is also variable.  Again, weather must be regarded as affecting the warm-up rate - wet decks, high winds, all influence the outcome.  Possibly, the greatest influence is the mass of the cargo.  A vast bulk of liquid being warmed from a heat source which, in relative terms, is only at a slightly higher temperature than itself.  Fig. 5 adds a further characteristic (in hidden detail) which shows the cargo warming much more slowly.  For the time scales involved, it is thought likely that this will be the practical characteristic, as distinct from the hypothetical curve used for the illustrative purposes.


                               50                                                                                     Air Temperature 45 (C

                                                                                                                  Highest Temperature 38(C

                               40       

                               30                                                                                     Sea Temperature 32(C

Warming body

temperature (C

                                    0         1         2         3         4         5         6         7         8         9         10

                                                                                          Time (days)  

Fig. 5

The foregoing implies that the highest temperature is determined by voyage conditions.  It is possible for a vessel to load a cargo, then depart for ports whose ambient and approach sea temperatures are colder than the loading temperatures.  Under these circumstances, the loading temperatures are the highest temperatures and the vessel is allowed to load to 98% of tank volume.  That the cargo volumes will be less than 98% of tank volume upon arrival and during discharge does not permit loading in excess of 98%.  Such a situation makes identification of the highest temperature a simple matter.

Influence of the discharge port on Type C vessels with no temperature control is restricted.  The ship will have already predicted its highest temperature which may or may not coincide with temperatures during discharge.  If the latter be the case, the vessel will arrive with the cargo tanks less than 98% full.
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For this type of vessel the foregoing has served to identity those elements which contribute to the highest temperature condition.  The loading port cargo temperatures are easily determined, the discharge port will expect the vessel to arrive with temperatures at or below, but close to, predictions.  The period where skill and judgement are required covers the loaded passage and forecasting what effect passage conditions will have upon the cargo temperatures.  The various influences can be summarised as:

· cargo quantity

· cargo quality (different specific heats)

· temperature of cargo upon loading

· sea temperatures

· air temperatures

and, to a lesser extent:

· wind

· wet decks

Type C vessels with temperature control
A number of vessels with Type C tanks control cargo temperatures and, defacto, tank pressures by mechanical refrigeration.

For these types of ships the business of predicting the highest temperature is a simpler affair.

The Codes require 100% redundancy from the refrigeration systems so that the highest temperature can be regarded as always being under the control of the operator.  Refrigeration systems are designed to operate with sea temperatures of 32(C and air temperature of 45(C if they are to comply with the Gas Carrier Codes.  This being the case, it requires exceptionally hot conditions for the heat coming into a cargo to exceed that which can be removed by the refrigeration system.

Owners of this type of vessel should be able to predict, with some confidence, the highest temperature, largely because the refrigeration system virtually eliminates the environmental impact during the laden passage.

If, for reasons of economy, an Owner decides not to use refrigeration systems until close to the discharge port, then the highest temperature is not the arrival temperature, The highest temperature will be that achieved immediately prior to the refrigeration systems being put into operation.  Against the economy of not using the refrigeration plant, must be set the cargo 'shut-out" caused by a higher highest temperature.
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Appendix 3

LOADING LIMIT ASSESSMENT METHOD

The Isothermal Method

This method provides a means of determining the highest sea and air temperatures to which a vessel and her cargo can expect to be exposed over the duration of a proposed cargo shipment episode.

This is achieved by reference to isothermal "contours" set out on Routeing Charts.  These cover both sea and air temperatures for the oceans of the world.  They are available for each month of the year.

As the Master plans his voyage, he notes the isothermal contours which he will traverse during the progress to his destination.  These contours should be set at 5(C intervals.  The Master identifies the highest contours which he will cross and takes these sea and air temperatures as being the highest temperatures he will encounter.  For details of seasonal daily peak temperatures at the discharge port, the Master will refer to the Pilot Books which contain this data for the ports of the world.  By combining this information with the known loading conditions, the highest temperature, in terms of the Code amendments, will be established.

Figs. 2 and 3 are a pictorial representation of the way the scheme works for the ocean passage.

Loading Limits for Vessels having Deck Tanks
Fig. 1 is an illustration of an LPGC having both a deck mounted cargo tank and tanks situated within hold spaces.  The deck mounted tank, Tank No.4, is only affected by heat transfer to or from the air by radiation.  Fig. 2 - "Air Temperature prediction" - shows how an estimate of the highest air temperature is made.
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                          Fig. 1
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The Isothermal Method
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Loading Port is A

Discharge ports are B, C, D, E and F

Voyage
Highest Temperature

A(B

A(C

A(D

A(E

A(F
20(C

25(C

45(C

40(C

25(C

Fig. 1: Air Temperature Prediction
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The Isothermal Method
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Loading Port is A

Discharge ports are B, C, D, E and F

Voyage
Highest Temperature

A(B

A(C

A(D

A(E

A(F
15(C

20(C

35(C

35(C

20(C

Fig. 2: Sea Temperature Prediction 
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Temperatures predicted in this way are then taken as the saturated temperatures at a vapour pressure which is equal to the relevant tank pressures.  To obtain the relative density of the cargo, standard tables are used.  Predictions of cargo density during loading complete the information required to apply the IMO Code formulae.  These are given on page 4 and 

repeated
here.

(R

LL = FL  ___
(L

where:

LL    =
loading limit expressed in percent, which means the maximum liquid volume relative to the tank volume to which the tank may be loaded.

FL    =
filling limit = 98% unless certain exceptions apply.

(R    =
relative density of cargo at the highest temperature which the cargo may reach upon termination of loading, during transport or at unloading, under the ambient design temperature conditions.

(L =
relative density of cargo at the loading temperature and pressure.

Vessels having In-Hold Tanks
Tanks Nos.1 and 2 P&S shown in Fig.1 are in hold tanks and as such are influenced not only by air temperatures but also by sea temperatures.  Section 7.1.2 of the IGC Code gives maximum temperature but also by sea temperatures and qualifying conditions for air and sea temperatures, referred to in Section 15, for the calculation of the Loading Limit. (See page 7).

The Code does not provide a procedure to calculate the average temperature of the hold spaces in order that the cargo temperature might be implied.  A simple method for deriving these hold temperatures is set out below.

Boundary Condition
The vessel is anticipated as interacting with the environment in the following way -

1)
Thermodynamic equilibrium with the surroundings is a precondition, also temperature distribution within the hold space is taken as uniform.

2)
Heat transfer by solar radiation is ignored, hence the temperature selected must be sufficiently high to compensate for this effect.  Figs.2 and 3 provide a "built in" margin.

3)
Day/Night temperature variations are not taken into account.  For an ocean passage the seasonal maximum mean sea and air temperatures are used.  These are not required to be in the same geographical location thus providing an additional margin for safe working. 
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Basic Assumptions

The calculation method makes the following assumptions.

1 .
The part of the hold space above water line is assumed to have air temperature (Ta) as derived from Fig.2

2.
The part of the hold space below water line is assumed to have sea water temperature (Tw) as derived from Fig.3

3.
The water line is assumed to be equal to the draft where the smallest tank is loaded to 98% with the lightest cargo on the loading list.

4.
The air temperature mean is assumed to be greater than the sea water temperature mean.  Basic Assumption 3 above is arranged to provide maximum feasible surface area exposed to the air.  It is not a normal operational condition.  In this, further compensation is added to negate the effects of solar radiation.  If the sea temperature is equal to or greater than the air temperature then this shall be taken as the Hold Space Temperature (Ths).
5.
The hold spaces are simplified to a rectangular box floating in the water (compare Fig.4). The geometrical values needed for the calculation of the surfaces above water (Aa) and below water (Aw) may be calculated by using the real surfaces or in a simplified manner by using the vessels main dimensions (length, breadth, draught: compare Fig.4)

6
The temperature distribution in the hold spaces is neglected. Therefore only one hold space temperature (Ths) has to be calculated

7.
The heat transfer coefficients (k) from air to hold spaces and from sea water to hold spaces are assumed to be equal.

3.
Calculation


Heat transfer from air to hold spaces:


Qa = ka . Aa . (Ta - Ths)
(1)


Heat transfer from sea water to hold spaces:


Qw = kw . Aw . (Tw - Ths)
(2)


Energy balance:


Qa + Qw = 0
(3)


Heat transfer coefficients:


k = ka = kw
(4)
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Using eq.1, 2 and 4 in eq.3 gives:

                              k . Aa . (Ta - Ths) + k . Aw . (Tw - Ths) = 0                            (5)

Solving this eq. for Ths gives:

Ta . Aa + Tw . Aw
Ths =      _________________                                           (6)

                       Aa +Aw
This is the maximum temperature in the hold spaces which has to be assumed for the calculation of the cargo density.

For example a ship with a moulded breadth of BO = 20 m, a draft according to the definitions given above of h1 - 2m, a height of the hold spaces of h0 = 10 m and a length of the hold spaces of I0 = 100 m has a hold space surface above water of Aa = 3,920 m2 and below water of Aw = 2,480 m2.  Applying the temperatures given in Section 7.1.2 of the Code (Ta = 45(C, Tw = 32(C) one obtains:

45 . 3920 + 32 . 2480

                                   Ths =   _________________   = 39.9 = 40(C

                     3920 + 2480

In the event that lower or higher temperatures are accepted by Administrations, in accordance with paragraph 7.1.2 of the Code, these temperatures can be applied to the above expression.  For example, the maximum sea temperature anticipated during a planned laden voyage is 20(C with air temperature expected to rise to 25(C.  Upon the assumption that the relevant Administration agrees with this forecast, it will be these figures which are used to assess Ths in the following way:

25 . 3920 + 20 . 2480

     Ths =  __________________    = 23.06(C = 23(C

                       3920 + 2480
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Fif. 4: Simplified geometry for maximum cargo temperature calculation 

Key:

B0
=
Moulded breadth

I0
=
Length of hold spaces

h0
=
Height of hold spaces

h1
=
Draft with the smallest tank loaded to 98% with the lightest cargo

Ta
=
Air temperature from Fig.2

Tw
=
Sea temperature from Fig.3

Having thus obtained the hold space temperature it is assumed that this becomes the cargo temperature.  To determine the filling limit for the cargo in question the procedure is identical to that used for Deck Tanks.

The Isothermal Method takes no account of elapsed voyage time.  It simply assumes the vessel sails for an infinite period through an environment whose ambient temperatures are set to the anticipated peak temperature for the subject voyage.  This penalises vessels making short laden voyages.  A charter to carry Butane from the UK to France could load Butane at O(C.  The ship may well take a route which did not involve crossing from one isotherm zone to another, in a sea and air temperature regime of 15(C.  Quite obviously, over the duration of, say, a ten hour voyage the cargo would not heat up to 15(C or indeed a temperature approaching that value.  The highest temperatures derived after this fashion are clearly exceedingly conservative and as such, should be immediately acceptable to Administrations as a basis for the highest cargo temperature estimate.

Shipowners are reminded that the reason for seeking to estimate the highest cargo temperatures during a cargo shipment episode is to be able to predict that the VOLUME occupied by the cargo will not exceed the 98% of tank volume decreed by IMO.  By assuming that the cargo tank pressures equate to saturation pressures and that the saturation temperature exists uniformly throughout the cargo, adds to the inherent conversatism of the methods described.



January1997
25

SIGTTO
Appendix 3 - Loading Limit Assessment Method

Shipowners are encouraged to keep records of cargo volumes loaded and discharged along with, a daily record of weather conditions encountered during laden voyages.  These should include sea and air temperatures and extend over a period of six months.  Details of both long and short laden voyages should be included.

SIGTTO would welcome such information, since the performance of cargo containment systems, with regard to heat transfer, are consistent and repeatable.  Knowledge of the way in which cargoes behave in response to ambient conditions gives confidence that prediction of volume change over a laden voyage can be made.  By including such information, further refinements to the Loading Limit assessment can be expected with a subsequent reduction in "shut out" and added fire protection that increased loading limits provide.
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