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Участники эксперимента

1  AVIV

AVIV is a consultancy bureau located in Enschede. It has some 15 years of experience

in the field of risk analysis. It developed its own software, RISKCALC. AVIV uses this 

software and sells it. RISKCALC is a semi-automated system. The user has to define 

his own scenario's and attribute frequencies. Some manual operations are necessary 

to transfer data of the consequence analysis part to the risk calculation part.

2  DNV

The risk analysis consultants of DNV form an international subgroup of the larger DNV 

organisation. The participants in this exercise are located in Rotterdam. DNV has 

some 25 years of experience in this field. DNV developed several risk analysis 

packages. The predominant are PHAST and SAFETI. The latter product was used in 

the analysis. Although automated generation of failure cases is possible, in practice 

this is often done by hand by the analyst. After the definition of these cases the 

process is fully automated. PHAST and SAFETI are commercially available.

3  SAVE

SAVE is a consultancy bureau located in Apeldoorn. The bureau has some 20 years of 

experience. It developed its own software under the name of SAVEII. The software 

consists of separate consequence and damage modules that have to be run separately

after the initial events have been generated by hand. SAVEII is commercially available.



4  SHELL

Shell Global Solutions is a network of technology companies of the Royal Dutch / Shell 

Group, providing an integrated portfolio of services to companies inside and outside the

group. With over 50 years of experience, the HSE Consultancy team covers the full 

spectrum of technical services within health, safety and the environment (HSE).

In recent years specialist software tools for hazard consequence modelling (FRED) 

and quantitative risk assessment (Shell Shepherd Desktop) were developed, based on 

in-house R&D and supported by full-scale experiments. These tools, previously only 

available within Shell, are now being made available to all companies.

5 TNO

TNO/MEP is a group in the large TNO organisation. It has some 25 years of experience 

in quantified risk analysis. Of the four coloured books it produced two (the Yellow and the 

Green Book). TNO uses two software products EFFECTS, which is the software 

implementation of the Yellow Book and RISKCURVES, which uses the results of 

EFFECTS to generate risk numbers. EFFECTS is commercially available.



Хранилище акрилонитрила 3700 м3, 150 м3/час





Хранилище пестицидов 20*40*10 м3
Трубопровод H2S D100 мм 15км Р=12 атм
Система трубопроводов загрузки и отгрузки хлора, ACN, СУГ,SO2,C2H4O



Расстояние до границы уровня риска
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Схема потоков завода по хранению, приему и отгрузки аммиака

Indicative distances between main components and pipeline lengths: 

Ship loading/unloading arm – Cryogenic tank: 900 m 

Cryogenic tank – Pipeline terminal: 50 m 

Pipeline Valve 12 – Pipeline terminal: 966 m 

Cryogenic tank – Pressurised storage area: distance=1200m, pipework=1500m 

Cryogenic tank – Flare: 20m (flare at a height of 45m) 

Pressurised storage area – Trucks loading/unloading facility: 200 m. 





Расхождение в полях индивидуального риска для уровня 10Е-5 в год 

(минимальное и максимальные расстояния от объекта).



Расхождения в оценке социального риска для фиксированного распределения

Населения региона















Findings concerning hazard identification 

• Many different approaches / variants for hazard identification have been used 

• Hazard identification is done using a combination of complementary approaches 

• Three groups of approaches could be distinguished: 

-Methods based on a top-down analysis, mainly represented by the Master Logic 

Diagram, having a form similar to fault trees, starting from a top event and going down 

to combinations of basic events, capable to provoke accident; 

-Methods based on a bottom-up analysis, like HAZOP, SWIFT, HAZSCAN and HCA, 

which investigate whether deviations of the process variables and failures of individual 

devices can provoke a major accident; and 

-Methods based on the systematic identification of the possible release events, mostly 

supported by use of checklists or based on national standards, after division of the 

plant in areas. 

• For several partners the definition and risk labelling of the categories used in the 

screening and ranking of identified hazards vary from project to project. No predefined 

categories are used. 

• The understanding of what e.g. “catastrophic event” or "likely event" means differs 

from partner to partner. Therefore, great care has to be taken not to introduce 

misunderstandings using labels in discussions among experts or in risk communication 

to the public. 

• The strategies to define consequence categories are rather different ranging from the 

application of release times, release rates, total releases and consequence lengths. 

Comparing these, a very good correlation for these categories is found. Nevertheless, 

only using release rates to categorise may lead to larger differences in the screenings. 



• The severity of the scenarios is assessed using an evaluation matrix defined by the 

categories for the frequencies and the consequences. In order to select the most 

important scenarios relevant for quantification the risk matrix is reduced. This is in 

most cases done by cutting off the scenarios in the lowest consequence category 

regardless the value of the frequency. In the second step, the next lowest consequence 

category combined with the lowest frequency category is also reduced. 

• The scenarios with very low probability are preserved in the highest consequence 

categories. Some partners, furthermore, emphasise the importance of the consequences 

using marking. 

• The scenarios selected by the partners differ substantially in detail, but the most 

important hazardous events were identified by all participants. 



Findings concerning frequency assessments 

Pipelines (Scenarios 1, 2, 7, 10 and 15) 

The range of deviation in the frequency assessments of pipelines’ failures reaches up to 

4 orders of magnitude (Scenario 7 and 15). Causes of the deviation revealed are: 

1. Different length of pipe sections considered in the frequency calculations. 

2. Ignoring the utilisation factor taking into account a part-time involvement of some of the 

plant parts. 

3. The use of different generic data sets for the assessments of failure frequencies. 

4. Disagreement on what failure frequency is more relevant as a generic reference data 

(the same data source but different numbers). 

5. Different failure causes considered. 

6. Ignoring piping-related components (valves, flanges and pumps). 

7. The use of a correction factor to allow for vibration, corrosion, thermal stresses etc. 

(some partners use the factor, the other does not). 



Loading arms (Scenario 4 and 17) 

The range of deviation in the frequency assessments of loading arms’ failures reaches 

up to 4 orders of magnitude (Scenario 17). Causes of the deviation revealed are: 

1. Slight difference in the number of transhipments (least contribution to uncertainty) 

2. Different failure causes considered. 

3. The use of different generic data sets for the assessments of failure frequencies. 

Tanks (Scenario 7*, 9, 14 and 18) 

The range of deviation in the frequency assessments of tanks’ failures reaches up to 2 

orders of magnitude (Scenario 7*). Causes of deviation revealed are: 

1. Slight difference in the number of transhipments (least contribution to uncertainty) 

2. Different failure causes considered. 

3. Different understanding or interpretation of the design applied 

4. Disagreement on what failure frequency is more relevant as a generic reference data 

(the same data source but different numbers). 

5. The use of different generic data sets for the assessments of failure frequencies. 



Findings concerning consequence assessments 

General sources of uncertainty: 

• Knowledge on some scenarios seems not to be consolidated yet (e.g. scenario 5 –

Rupture of a ship tank and release of refrigerated ammonia on the sea surface. Although 

all partners foresee a partial dilution of ammonia into the water and partial evaporation, 

the relevant percentages vary significantly). 

• The uncertainty (or ambiguity) in definition of scenarios is the main source of uncertainty 

for the catastrophic rupture of the cryogenic tank 

• Lower variation in the results was observed for most of the scenarios referring to 

pipeline ruptures. 

• There was a “state-of-knowledge” problem for the feeding pipeline, which is a very long 

one, and the models usually employed do not apply in this particular case. 

Uncertainties in the calculation of outflow for pipes connected to pumps: 

• Assumptions related to the characteristic curve of the pump and pumping against zero 

pressure 

• Use of models not-tailored to model the particular release (e.g. hypothetical tank with 

constant pressure) 

• Simplifications related to the consideration of release from one or from two sides of the 

ruptured pipe. 

• Length of the pipe 

• Time of reaction (closure of valves) 



Uncertainties in the calculation of outflow for pipes connected to tanks: 

• Level of liquid in the tank 

• Discharge factor Cd 

• Length of the pipe 

• Time of reaction (closure of valves) 

Uncertainties in the calculation of outflow rate for tanks 

• Definition of the scenario 

• Level of liquid in the tank 

• Dimensions and position of the rupture 

• Initial conditions (overpressure) 

• Instantaneous release of the initial vapour, for refrigerated ammonia 

Uncertainties concerning pool formation and evaporation 

• Assumptions related to the violence of the phenomenon. These assumptions determine t

he percentage of droplets in the cloud and its overall behaviour in the dispersion phase. 

• Percentage of droplets 

• Type of ground assumed. Especially in the case of release on water the variation in the 

results is very large. 

• Structure and characteristics of the models applied, both for pool formation and for 

evaporation (whether they take into consideration heat exchange from sun, air, etc.) 



Uncertainties concerning dispersion 

• Source terms. 

• Interface between models. 

• Initial behaviour of the cloud, i.e. whether a passive dispersion or dense-gas 

dispersion model should be applied. 

• The detailed characteristics of the dispersion model. 

Uncertainties concerning Dose/Response calculation 

• Form and coefficients of the probit function 






