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Section | - Introduction

1. General

Gadish group engineering is planning a Natural Gas pressure reduction and metering station
(PRMS) at the future ammonia plant in Mishor Rotem. In light of this, risk assessments have been
conducted to examine potential risks deriving from the planned gas line, required separation
distances and to seek adequate solution to minimize the potential risk to the PRMS and its
surroundings.

This report is written with the assumption that there will be no odorization of the gas in the

station.

2. Goals
2.1. Ildentifying potential risks resulting from the planned PRMS.
2.2. Calculating required separation distances from the planned gas supply line.

2.3. Suggesting risk reduction means and providing recommendations.

3. Method
3.1. Data from correspondences with Gadish and Baran companies.
3.2. Analogy with similar PRMS stations in order to execute risk scenarios.

3.3. Separation distances

Analysis according to separation distances policy document from stationary risk
sources of the Ministry of the Environmental Protection (March 2014), using ALOHA
software version 5.4.7 (the software required by the Ministry of Environmental
Protection) and TNO-Effects software version 8.

3.4. Individual risk assessment (10°° risk contour) — building proximity line for the PRMS

Analysis of natural gas scenarios using ALOHA software version 5.4.6, and TNO-Effects
software version 8, "Guidelines for Quantitative Risk Assessment" 2005 edition
("Purple book') and calculative models. Individual risk assessment was conducted
according to Guidelines for quantitative risk assessment CPR18E, 2005 edition

('Purple book').
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3.5. Societal risk assessment (within 1078 risk contour) — survey range for PRMS

Analysis with mathematical model based on the individual risk assessment and according to
Guidelines for quantitative risk assessment CPR18E, 2005 edition ('Purple book').
3.6. Survey range, building proximity distance and area classification for the underground

pipeline from existing PRMS to planned PRMS — were taken from Sl 4665 part 2.

4. Description of the Natural Gas Supply Line

The gas supply will be distributed from the PRMS to the various NG consumers in the
ammonia plant. The line from the existing PRMS to the new PRMS will be 800 meters
long, with an automatic shutoff valve at the entrance of the PRMS station. The PRMS
station will include about 3-6 skids to different plants, one of them will be the
ammonia plant.

Following is a principal description of one skid at the planned PRMS station:

Line number SKID-section 1 SKID-section 2
Diameter (inch) 18 6
Feed pressure (barg) 80 50
Volumetric flow (Sm3/h) 300,000 18,000
Length (m) 12.3 3.5
10
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The scenarios and analysis in this report assume 4 skids in the PRMS station.

This report assumes that there will be an automatic shutoff valve at the entrance of each skid,

which may close the NG supply if necessary.

The pipeline from PRMS station to consumers was not taken into consideration in this report,
since the PRMS and the pipeline are still in preliminary design. The pipeline is likely to be

underground, as much as possible.

5. Risks Deriving from Natural Gas

Natural gas is a mixture of gases; the main component is Methane CHa.

Following is a detail of identifying data and characteristics from compressed natural gas:
UN Number: 1971

Risk Group: 2.1 (Flammable Gases)

Boil Temperature: -161.5 C°

Fusion Temperature: -182.6 C°

Relative Molar Mass: 16.05 (for Methane)

Flash Temperature: -222.2 C°

Auto-ignition Temperature: 650 C°

Upper Explosiveness Range: 15.00%

Lower Explosiveness Range: 5.00%
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6. Summary of conclusions and recommendations

Conclusions

6.1 There are no public receptors in the pipeline's immediate surrounding area. The station is

located in the industrial zone Mishor Rotem.

6.2 The amount of NG in the supply line (about 436 kg) is below the threshold quantity
requiring a scenario analysis according to The Ministry of Environmental Protection (5,000
kg). Nevertheless, such a scenario of gas leak and UVCE was analyzed. The scenario result
shows that if there is a leak in the pipe, the threat zone is 84 meters from the pipeline.

There are no public receptors located within the threat zone.

6.3 The individual risk along the pipeline was also calculated. The pipeline section has an
individual risk contour of 10® at 80 meters from the pipeline, and 108 contour at a distance
of 110 meters from the pipeline (after mathematical calculations including probabilities in

each grid cell). The only plant outside the planned ammonia plant within 110 meters is HCS.

6.4 The survey range for the underground pipe line from the existing PRMS to the planned

PRMS (800 meters long, with 18" diameter and a pressure of 80 barg), was taken according

to SI 5664 part 2 and is 75 meters.

6.5 The building proximity distance for the underground pipe line from the existing PRMS to the

planned PRMS (800 meters long, with 18" diameter and a pressure of 80 barg), was taken

according to SI 5664 part 2 and is 25 meters.

6.6 The area surrounding the underground pipe line, according to Sl 5664 part 2 is defined as

area classification 4. The planner should take into account the wall thickness factor

according to this classification.

6.7 Passive safeguards- The station will be located under a shed.
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6.8 The distance to a concentration of 25% of the lower explosive limit in air was calculated, for
a scenario of full rupture of a 18" NG pipe line connected to infinite source, assuming the
shut off valve has not been closed (see appendix 1). As can be seen from the results, at 5
meters distance, the cloud concentration is above 25%LEL at about 53.31 meters height. As
long as there are no ignition sources within 5 meters and there are no ignition sources at
height, ignition is not expected. Nevertheless, proximity distance was calculated with a

strict assumption that ignition could occur.

Recommendations

6.9 Ignition sources near the NG supply line will be eliminated:
e Electrical equipment will be installed according to hazardous area classification.
e When determining the vents height verify that there are no ignition sources at least:
2" vent: 0.4 meters beneath the vent tip, 5.5 meters beneath the vent drain hole and 19

meters horizontally from the vent tip (see Hazardous Area Classification).

e  Hot work will require a permit.

6.10 In any case, firefighting and fire prevention equipment will be installed in accordance

with the project's fire prevention report.

6.11 It should be emphasized that leakage and fire incidents are short-term incidents, as long
as the gas supply is connected to the gas station. That is to say that the exposure time to
thermal radiation flux is short. It should be verified that in case of a leakage, the gas supply

is disconnected as fast as possible.
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Section Il — Separation distances according to Ministry of Environmental

Protection
1. Description
1.1 The Natural Gas amount in the pipeline (about 109 kg at a time for the PRMS station) does

not exceed the threshold quantity listed in Appendix B of the Ministry of Environmental
Protection CEO instruction regarding separation distances determination policy (March
2014), 5000 kg. Therefore, the station is not required to comply with the separation distances
policy. However, it was decided to examine a reference scenario according to the policy

requirements- gas ignition and explosion.

Due to the natural gas's characteristics and since it is lighter than air, in a scenario of leakage
in an open space, the buoyant gas floats upwards in the shape of an overturned cone and
dilutes quickly. In this case, and due to the expected small amount of gas in the flammable
zone, it is presumable that the occurrence of a UVCE (Unconfined Vapor Cloud Explosion)
scenario is of very low probability. Nevertheless, such a scenario was analyzed as per the

Ministry of Environmental Protection specifications.

2. The scenario analyzed

Source Scenario

o ) Leakage from a hole 1" in diameter and gas cloud
NG Pipeline Section .
explosion UVCE

3. Data used for the analysis

3.1. Software

The Ministry of Environmental Protection requirements for natural gas scenario are: leak, from
1" diameter hole, in a tank with the dimensions of the actual pipe on site. ALOHA software does
not enable modeling a tank with such dimensions therefore, Effects version 8 (TNO Safety
software), was used to determine the leak rate.

The result was then fed into the ALOHA software as a direct-instantaneous source (the Effects

showed that the leak will last 55 sec, until the vessel (pipe) is empty).
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3.2. Substance
Scenario for the natural gas was made for the substance Methane, which is the primary
component of natural gas.
3.3. Vessel volume
Vessel volume regarding NG is as the pipeline volume.
3.4. Meteorological conditions
The meteorological conditions are based on the Ministry of Environmental Protection
specification to be:
Wind speed: 3 m/s at a height of 10 meters.
Terrain: Urban.
Cloud cover: 50%
Ambient temperature: 25° C
Substance temperature: process temperature.
Atmospheric stability condition: D.
Inversion: none.
Relative humidity: 50%.
Level of congestion (in the flammable part of the vapor cloud): Congested
3.5. End points
End point used to determine the threat zone is based on reference values for planning
condition as stated in the Ministry of Environmental Protection specifications as follows:
o Explosion —overpressure of 0.1 bar.
o Heat radiation - 1.6 kW/m?
3.6. NG analysis

Pipeline diameter

NG- Line diameter is 15.34" (mean diameter)

Pipeline length

Line length is 16 m within each SKID
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4. Results of the scenarios

Environmental

Source Scenario Reference Results
Value
NG Pipeline Leakage from a hole 1" in diameter and gas
0.1 bar 84 meters
Section cloud explosion UVCE (instantaneous leak)

5. Conclusions and Recommendations

5.1. There are no public receptors in the pipeline's immediate surrounding area or in the threat

zones calculated. The station is located in Mishor Rotem.

5.2. The results show that if there is a leak in the NG pipeline, the threat zone is 84 meters from

the pipeline. It should be noted that explosion scenario for NG is very unlikely, and if it does

happen this threat zone is for window damage. It should be noted that such a leakage will

be identified within few minutes and the shutoff valve will be closed. As mentioned in

clause 5.1 above there are no public receptors within the threat zone.

5.3. Ignition sources near the NG supply line will be eliminated:

e Electrical equipment will be installed according to Hazardous Areas Classification

report.

e Hot work will require a permit.

5.4. In any case, firefighting and fire prevention equipment will be installed in accordance

with the project's Fire prevention report.
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Section Ill — Proximity distance assessment for the PRMS

1. Description

The proximity distance is the distance from the potential source of release in which the IR —
(Individual Risk) is 10°. The IR represents the frequency of a hypothetical individual (assumed
to be unprotected) death due to loss of containment events, as described in annex 3.

Societal Risk (SR) represents the frequency F of having an accident with N or more people being
killed simultaneously. The distance from the potential source of release, in which the IR is 108,
needs to be considered.

The Societal Risk is presented as an F-N curve, where N is the number of deaths and F the
cumulative frequency of accidents with N or more deaths (N Is a number ranging from 1 death
to the maximum theoretical number of fatalities).

Natural gas leakage from any of the lines, except the underground pipeline, are to be

considered.

2. Methodology

This report calculates the proximity distances and combines several factor/terms:
e Frequencies of LOC (loss of containment) for pipes (m™? y?) (table 3.7 in the "purple book")
e Length of the pipe (m)
e Probability of a direct ignition (table 4.5 in the purple book)

e Probability of ignition for a time interval of one minute (table 4.A.1 in the "purple book")

The area of interest is divided into grid cells, at this case, 20 meters X 20 meters each. For each
scenario the proximity distance is calculated. Then all the contributions are summed up.
According to Guidelines for quantitative risk assessment CPR18E, 2005 edition ('Purple book'),
the probability of death and the fraction of people suffering death should be calculated up to
the level of 1% lethality.

There are no public receptors in the vicinity of PRMS, therefore the societal risk has not been

calculated.
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3. Scenarios analyzed

All scenarios were analyzed for above ground pipes only.

3.1 Leakage from a hole in the pipe, with immediate ignition and conflagration of the gas jet
resulting in Jet-Fire.

3.2 Leakage from a hole in the pipe, with delayed ignition of vapor cloud and conflagration at
the ignition point, without an explosion (Flash-Fire).

3.3 Based on the design and INGL remarks, full bore rupture scenarios were considered

extremely rare and their risk distances were not mentioned in the total risk calculation.

4. Data used for the analysis

3.1 Software
= The JET FIRE scenarios were analyzed with Effects version 8 (TNO Safety software) since
ALOHA does not model a leak from the pipeline when the valve is open. Therefore, all JET
FIRE scenarios were analyzed in the same software in order to maintain compatibility.
= The FLASH FIRE scenarios were analyzed with Effects version 8 (TNO Safety software) and
a corresponding mathematical model (since ALOHA does not have a model for flash fire).
Effects has been used since ALOHA does not model a leak from the pipeline when the valve
is open. Therefore, all FLASH FIRE scenarios were analyzed in the same software in order
to maintain compatibility.
3.2 Substances
Scenarios for the natural gas were made for the substance Methane, which is the primary
component of natural gas.
3.3 Frequencies and probabilities
* Frequency of a leak for diameters larger than 5.9" (150 mm) is 5 x 10”7 m1y* (taken from
the purple book)

= Probability of immediate ignition (Pim.ig) is:
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Source

NG probability of direct ignition

Continuous Instantaneous
<10 kg/s <1000 kg 0.02
10-100 kg/s 1,000-10,000 kg 0.04
>100 kg/s >10,000 kg 0.09

(from table 4.5, as defined in the purple book)

* Probability of delayed ignition is (1-Pim.ig) x 0.9 (taken from table 4.A.1, purple book, for
chemical plant).

= Probability of success in closing the XV valve- 0.729 (according to event tree analysis)

= Probability of failure in closing the XV valve- 0.271 (according to event tree analysis)

3.4 Event tree analysis (ETA)

PR Operator push PR XV closes — 72.9%
P=90% PI001 > =button to close XV > »| flow stops > (probability of
success)
Immediately
Immediately XV fails to
. 1 minute P close — flow >
Pipe LOC - P=10% doesn't stop 27.1%
Operator fails to -
»push the button to > (probfabllltyof
pP=10% @ [close XV failure)
o109, PI001 -
B fails v
3.5 Pipeline diameter
NG average diameter: 15.34" (mean diameter)
3.6 Pipeline length
NG Line length is 16 m within one skid
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3.7 Meteorological conditions

Condition Wind velocity (m/s) T°C* Cloud cover
Bm 4 21.5 25%
DI 2 18 75%
Dm 4 18 75%
Dh 8.5 18 100%
Em 4 15 25%
Fl 2 15 0%

e The meteorological conditions refer to the definitions of Pasquil-
o Unstable conditions- B
o Neutral condition- D
o Stable condition- E
o Very stable condition- F
e The small letters refer to the wind velocity:
o Low wind velocity- |
o Medium wind velocity- m
o High wind velocity- h
e The temperature was determined according to the atlas of climate:
o For stability condition D an average temperature of 18°C
o For stability conditions E and F an average temperature of 15°C

o For stability condition B an average temperature of 21.5°C

The models were run with each of the meteorological conditions, described above. There
was no significant difference in the distances obtained for the various reference values.
Therefore, the scenarios where conducted in a representative meteorological condition as

in separation distances section above.
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3.8 Passive safeguards

The station will be located under a shed.

3.9 Determining the thermal radiation end point
Determining the thermal radiation end point takes into consideration the risk of 1%
lethality. A heat radiation model analysis (Effects version 8.0) determined that the value of
heat radiation that may cause 1% lethality is 10 kW /m?2. The heat radiation was checked

in every grid cell.

3.10 Acceptability criteria
IR- The acceptability criteria is IR < 10®
SR- The acceptability criteria is mortality of 10 individuals in a probability of 10, mortality
of 100 individuals in a probability of 10”7 etc. The risk is considered acceptable if the societal

risk graph is below the acceptability criteria graph
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5. Results
5.1 Individual Risk
. Distance to 1%
Source Scenario

lethality (10kW/m?)

Immediate ignition (80 barg) , failure and success* in
closing the valve-Jet Fire

Less than 20 meters

Immediate ignition (50 barg), failure and success* in
closing the valve-Jet Fire

Less than 5 meters

Delayed ignition (80 barg), failure in closing the valve-

Leak
NG ea Flash fire 46 meters
o through a
Pipeline hole in pie
Section oleinpip Delayed ignition (50 barg), failure in closing the valve-
i 11 meters
Flash fire
D S . . i
elaygd ignition (80 barg), success in closing the valve 43 meters
Flash fire
Delayed ignition (50 barg), success in closing the valve-
Flash fire 10 meters

* Jet fire scenarios are influenced by heat flux and release rate but not by the release duration, therefore the
distance calculated is the same for the success and failure in closing the valve (which affects the release duration

only).

The individual risk along the pipeline was also calculated. The pipeline section has an individual

risk contour of 10 at 80 meters from the pipeline.

5.2 Societal Risk

Assuming the detailed planning of the PRMS will include passive protection by shed roof facing
HCS (taking into account the required ventilation as discussed in HAC document 1489-1-R1), the
108 contour will be at a distance of 110 meters from the pipeline (after mathematical
calculations including probabilities in each grid cell). The only plant outside the planned

ammonia plant within 110 meters is HCS

The societal risk was calculated for an hourly average population of maximum 5 people at 110
meters distance from the PRMS.
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The F-N curve for the societal risk analysis is presented below:

Societal risk
1.0E+00
) 1.0E-01 - = Frequency of risk
é e Criteria
o 1.0E-02 -
(&)
@
g 1.0E-03 -
©
2 10E-04 -
(6]
o
O 1.0E-05 -
2
=
T  1.0E-07 -
=)
£
3 1.0E-08
[&]
1.0E-09 |
1.0 10.0 100.0

N- number of deaths

As shown in the figure above, the societal risk is low and acceptable, since the societal risk

graph (blue line) is below the acceptability criteria graph (red line).

6. Conclusions

6.1 The individual risk along the pipeline was also calculated. The pipeline section has an
individual risk contour of 10 at 80 meters from the pipeline, and 108 contour at a distance
of 110 meters from the pipeline (after mathematical calculations including probabilities in
each grid cell.

6.2 As shown in the results, for an hourly average population of maximum 5 people at 110
meters distance from the PRMS, the societal risk is low and acceptable, since the societal
risk graph (blue line) is below the acceptability criteria graph (red line). Therefore, the
societal risk is acceptable at the current situation.

6.3 It should be emphasized that leakage and fire incidents are short-term incidents, as long

as the gas supply is connected to the gas station. That is to say that the exposure time to

23

03-9032717 :ojro | 03-9037141 70 4809173 | |'vn WK 79X 7IKRD ,23 NdOXR'MN ({.‘\
Ha Melacha 23 St., Park Afek, Rosh Ha Ayin 4809173 | Tel: +972-03-9037141 | 972-3-9032717 “.”
hazmat@hazmat.co.il | www.hazmat.co.il \\ 7

HAZMAT

Since 1985


file://///server/e/DOC/003%20שיווק/001%20חומרים%20פרסומיים/רענון%20קו%20שיווקי%202011/www.hazmat.co.il
mailto:hazmat@hazmat.co.il

L0+

AN MR AXVIDN
n7ono

thermal radiation flux is short. It should be verified that in case of a leakage, the gas supply

is disconnected as fast as possible.

7. Recommendations

7.1 Firefighting and fire prevention equipment will be installed in accordance with the
project's Fire prevention report.

7.2 lgnition sources near the NG PRMS station will be eliminated:

e Electrical equipment will be installed according to hazardous area classification.

e When determining the vents height verify that there are no ignition sources at least:
2" vent: 0.4 meters beneath the vent tip, 5.5 meters beneath the vent drain hole and
19 meters horizontally from the vent tip (see Hazardous Area Classification).

e Hot work will require a permit.

7.3 The distance to a concentration of 25% of the lower explosive limit in air was calculated,
for a scenario of full rupture of a 18" NG pipe line connected to infinite source, assuming
the shut off valve has not been closed (see appendix 1). As can be seen from the results,
at 5 meters distance, the cloud concentration is above 25%LEL at about 53.31 meters
height, as long as there are no ignition sources within 5 meters and there are no ignition
sources at height, the gas cloud ignition is also not expected. Nevertheless, proximity

distance was calculated with a strict assumption that ignition could occur.
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Section IV — Proximity distances for the underground pipeline
1. Survey range, building proximity distance and area classification for the underground

pipeline from existing PRMS to planned PRMS — were taken from SI 4665 part 2.

2. The survey range for the underground pipe line from the existing PRMS to the planned

PRMS (800 meters long, with 18" diameter and a pressure of 80 barg), is 75 meters.

3. The building proximity distance for the underground pipe line from the existing PRMS to

the planned PRMS (800 meters long, with 18" diameter and a pressure of 80 barg), is 25

meters.

4. The area surrounding the underground pipe line, according to SI 5664 part 2 is defined as

area classification 4. The planner should take into account the wall thickness factor

according to this classification.
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Section V — Mutual influence

1. Description
Ammonia plant will be located in the industrial zone Mishor Rotem.

The following plants are in the plant's nearby surroundings:

"Rotem Ampert"

"Haifa Chemicals South"

"Periclass"

I|OPCII

2. Methodology and scenarios analyzed
The purpose of this section is to examine mutual impacts between the natural gas PRMS and other

parts of the plant and / or nearby plants.

The following scenarios were analyzed:

e Leakage from full rupture of the natural gas pipe, with immediate ignition and
conflagration of the gas jet resulting in Jet-Fire.
e Leakage from full rupture of the natural gas pipe, with delayed ignition of vapor cloud

and conflagration at the ignition point (Flash-Fire).

3. Data used for the analysis

3.1 Software

ALOHA software was used for JET FIRE and POOL FIRE scenarios.

ALOHA software and a mathematical model were used for FLASH FIRE scenarios.
3.2 Substance

= Scenarios for natural gas were made for the substance Methane, which is the
primary component of natural gas.

3.3 Pipeline diameter

Line diameter used for the analysis is 15.34" (mean diameter)
3.4 Pipeline length

Total line length is 16 m, for each skid
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3.5 Meteorological conditions
The meteorological condition used for the analysis is based on the Ministry of
Environmental Protection specifications:
Wind speed: 3 m/s at a height of 10 meters.
Terrain: Urban.
Cloud cover: 50%
Ambient temperature: 25° C
Substance temperature: process temperature.
Atmospheric stability condition: D.
Inversion: none.
Relative humidity: 50%.

3.6 Determining the thermal radiation endpoint
In order to determine the exposure threshold and the damage level (endpoint), as a result
of the different scenarios, taking into account the damage threshold for building and wood.
According to the "Purple Book", Guidelines for quantitative risk assessment CPR18E, 2005
edition — "The threshold for the ignition of buildings is set at 35 kW/m?2. If the building is
set on fire, all the people inside the building are assumed to die".
According to "Lees' Loss Prevention in the Process Industries" the threshold for the ignition

of wood is set at 12.5 kW/m?.
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4. Results

Source

Scenario

Distance (meters)

Threshold of 35
kwW/m? for buildings

Threshold of 12.5
kw/m? for wood

NG
Pipeline

Full rupture, 80 bar and immediate
ignition, Jet Fire

Along pipeline

~135

Full rupture, 50 bar and immediate
ignition, Jet Fire

Along pipeline

~31

5. Conclusions

5.1. If Natural Gas leakage is followed by ignition, there is a risk of heat radiation of 35 kW/m?

and 12.5 kW/m? at up to ~135 meters from the pipe line.

6. Recommendations

6.1 Avoid storage of flammable and combustible materials within 135 meters from the natural

gas pipeline (Hazardous substances as well as normally combustible materials, such as

wood, paper etc.). For example, wooden platforms or fabrics.
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Section VI — Summary of conclusions and recommendations
1. Conclusions

1.1 The amount of NG in the supply line (about 109 kg) is below the threshold quantity requiring
a scenario analysis according to The Ministry of Environmental Protection (5,000 kg).
Nevertheless, such a scenario of gas leak and UVCE was analyzed. The scenario result shows
that if there is a leak in the pipe, the threat zone is 84 meters from the pipeline (relevant only
to aboveground pipeline). It should be noted that the leakage will be identified in a few
minutes and the XV will be closed. There are no public receptors located within the threat

Zzone.

1.2 The individual risk along the pipeline was also calculated. The pipeline section has an
individual risk contour of 10® at 80 meters from the pipeline, and 108 contour at a distance
of 110 meters from the pipeline (after mathematical calculations including probabilities in
each grid cell). The only plant outside the planned ammonia plant within 110 meters is HCS.

1.3 As shown in the results, for an hourly average population of maximum 5 people at 110 meters
distance from the PRMS, the societal risk is low and acceptable, since the societal risk graph
(blue line) is below the acceptability criteria graph (red line). Therefore, the societal risk is
acceptable at the current situation.

1.4 The survey range for the underground pipe line from the existing PRMS to the planned PRMS

(800 meters long, with 18" diameter and a pressure of 80 barg), was taken according to SI 5664
part 2 and is 75 meters.

1.5 The building proximity distance for the underground pipe line from the existing PRMS to the

planned PRMS (800 meters long, with 18" diameter and a pressure of 80 barg), was taken
according to SI 5664 part 2 and is 25 meters.

1.6 The underground pipe line, according to Sl 5664 part 2 is defined as area classification 4. The

planner should take into account the wall thickness factor according to this classification.

1.7 The distance to a concentration of 25% of the lower explosive limit in air was calculated, for a
scenario of full rupture of a 18" NG pipe line connected to infinite source, assuming the shut
off valve has not been closed (see appendix 1). As can be seen from the results, at 5 meters
distance, the cloud concentration is above 25%LEL at about 53.31 meters height. As long as

there are no ignition sources within 5 meters and there are no ignition sources at height,
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ignition is not expected. Nevertheless, proximity distance was calculated with a strict
assumption that ignition could occur.
1.8 If Natural Gas leakage is followed by ignition, there is a risk of heat radiation of 35 kW/m? and

12.5 kW/m? at up to 135 meters from the pipe line.

2. Recommendations

2.1 Ignition sources near the NG PRMS station will be eliminated:
e Electrical equipment will be installed according to hazardous area classification.
e When determining the vents height verify that there are no ignition sources at least:
2" vent: 0.4 meters beneath the vent tip, 5.5 meters beneath the vent drain hole and 19
meters horizontally from the vent tip (see Hazardous Area Classification).
e Hot work will require a permit.
2.2 In any case, firefighting and fire prevention equipment will be installed in accordance with the
project's Fire prevention report.
2.3 It should be emphasized that leakage and fire incidents are short-term incidents, as long as the
gas supply is connected to the gas station. That is to say that the exposure time to thermal
radiation flux is short. It should be verified that in case of a leakage, the gas supply is

disconnected as fast as possible.
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Annex 1- Calculating the explosive range of the emitted gas

The distance to 25%LEL is calculated by assessing the dimensions of the emitted gas cloud, the
dilution rate which is affected due to turbulent forces along the path and the effect of buoyancy
forces.

At the outlet point of the gas, the gas concentration is 100%, there is still no air.

From the emitting point and onward, drifting of air begins. The drifting occurs due to
turbulence, lift forces and diffusion of methane in the air.

The turbulent forces are dominant close to the emission point according to the velocity,
temperature and composition at the outlet; and later on become dependent on the wind speed
in the three directions.

The weaker the wind, the higher is the effect of buoyancy and diffusion forces on the rate of
dilution in the cloud.

The following graph shows the cloud center height at varying distances from the emission
source.

The graph represents a scenario of full rupture in an 18" NG pipe line, connected to infinite
source, assuming the shut off valve has not been closed.
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The following parameters were used in order to calculate the cloud dimensions:

Parameters Value Units
Molecular weight 16.04 gm/mol
Ts-exit temperature 20 °C
Emission rate 1299 kg/sec
Reference conc 7.2 g/m”3
hO-Initial height 0 Meter
Ts-exit temperature 293 °K
Gas density 0.74 kg/m~"3
Ta-ambient temperature 25 °C
Ta-ambient temperature 298 °K
Air density 1.18 kg/m~"3
g3-Water vapor density 0.74 kg/m~"3
Relative gas density 0.566 air=1
rs - exit radius 18 Inches
0.4572 M
Cross section area 0.1641 mA2
Emission flow rate 1948 mA3/sec
. . 430 (speed of sound in
vs - vertical exit speed m/sec
Methane)
wind speed 3 m/sec
Cp-air (in R units!) 3.5 R units!
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Results (in the worst-case scenario- meteorological stability condition F)

For safety reasons, distance was calculated to a concentration of 25% the lower explosive limit
of NG:

distance from .
source

1 31.02

S 53.31

10 67.42

20 85.42

30 98.21
40 108.49
50 117.25
60 124.95
70 131.88
80 138.22
90 144.07
100 149.53
200 191.34
300 225.52

The distance to a concentration of 25% of the lower explosive limit in air was calculated, for a
scenario of full rupture of a 18" NG pipe line connected to infinite source, assuming the shut off
valve has not been closed (see appendix 1). As can be seen from the results, at 5 meters distance,
the cloud concentration is above 25%LEL at about 53.31 meters height. As long as there are no
ignition sources within 5 meters and there are no ignition sources at height, the gas cloud ignition
is also not expected. Nevertheless, proximity distance was calculated with a strict assumption that

ignition could occur.
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Annex 2- ALOHA and Effects outputs

1. Proximity distance

Case description: JET FIRE 80 barg-rupture

Model: Gas Jet Fire (Chamberlain model)
version: 5.12 (07/03/2018)
Reference: Reference not available yet

Parameters
Inputs
Chemical name Methane (YAWS)
Type of release Release from vessel through (a hole in) pipe
Pipeline length (m) 16
Pipeline diameter (inch) 18
Hole diameter (inch) 18
Hole rounding Sharp edges
Discharge coefficient (-) 0.62
Initial temperature in vessel (°C) 20
Initial (absolute) pressure in vessel (bar) 80
Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg) 90
Release height (Stack height) (m) 1
Wind speed at 10 m height (m/s) 2
Percentage of the flame covered by soot (%) 0
Distance from release (Xd) (m) 185
X-coordinate of release (m) 0
Y-coordinate of release (m) 0
Predefined wind direction N
Wind comes from (North = 0 degrees) (deg) 0
Results
Initial source strength (kg/s) 1354.2
Type of flow of the jet Choked flow
Exit velocity of expanding jet (m/s) 911.11
Angle between hole and flame axis (alpha) (deg) 2.8411
Frustum lift off height (b) (m) 43.022
Width of frustum base (W1) (m) 2.6345
Width of frustum tip (W2) (m) 60.833
Length of frustum (flame) (RI) (m) 180.94
Tilt angle central axis flare (alpha_b) (deg) 2.2955
Surface area of frustum (m2) 21183
Surface area of a cylinder (m2) 19621
Surface emissive power (max) (kW/m2) 417.96
Surface emissive power (actual) (kW/m2) 417.96
Atmospheric transmissivity (%) 66.919
View factor (%) 3.1325
Heat radiation at Xd (kW/m2) 8.7616
Other information
Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009
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Case description: JET FIRE 50 barg rupture

Model: Gas Jet Fire (Chamberlain model)

version: 5.12 (07/03/2018)
Reference: Reference not available yet

Parameters

Inputs

Chemical name

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in vessel (°C)
Initial (absolute) pressure in vessel (bar)

Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg)

Release height (Stack height) (m)

Wind speed at 10 m height (m/s)
Percentage of the flame covered by soot (%)
Distance from release (Xd) (m)

X-coordinate of release (m)

Y-coordinate of release (m)

Predefined wind direction

Wind comes from (North = 0 degrees) (deg)

Results

Initial source strength (kg/s)

Type of flow of the jet

Exit velocity of expanding jet (m/s)

Angle between hole and flame axis (alpha) (deg)

Frustum lift off height (b) (m)

Width of frustum base (W1) (m)

Width of frustum tip (W2) (m)

Length of frustum (flame) (RI) (m)

Tilt angle central axis flare (alpha_b) (deg)
Surface area of frustum (m2)

Surface area of a cylinder (m2)

Surface emissive power (max) (kW/m2)
Surface emissive power (actual) (kW/m2)
Atmospheric transmissivity (%)

View factor (%)

Heat radiation at Xd (kW/m2)

Other information
Main program

Chemical database
Chemical database path
Chemical database date
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Methane (YAWS)

Release from vessel through (a hole in) pipe
16

6

6

Sharp edges

0.62

20

50

90
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87.175
Choked flow
880.87
3.8488
13.004
0.43926
18.434
54.774
3.1107
1912.6
1763.7
302.14
302.14
76.767
3.8833
9.007

Effects 8.0.1.3218
YAWS database

C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb

12/02/2009
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Case description: JET FIRE 80 barg-hole

Model: Gas Jet Fire (Chamberlain model)

version: 5.12 (07/03/2018)
Reference: Reference not available yet

Parameters

Inputs

Chemical name

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in vessel (°C)
Initial (absolute) pressure in vessel (bar)

Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg)

Release height (Stack height) (m)

Wind speed at 10 m height (m/s)
Percentage of the flame covered by soot (%)
Distance from release (Xd) (m)

X-coordinate of release (m)

Y-coordinate of release (m)

Predefined wind direction

Wind comes from (North = 0 degrees) (deg)

Results

Initial source strength (kg/s)

Type of flow of the jet

Exit velocity of expanding jet (m/s)

Angle between hole and flame axis (alpha) (deg)

Frustum lift off height (b) (m)

Width of frustum base (W1) (m)

Width of frustum tip (W2) (m)

Length of frustum (flame) (RI) (m)

Tilt angle central axis flare (alpha_b) (deg)
Surface area of frustum (m2)

Surface area of a cylinder (m2)

Surface emissive power (max) (kW/m2)
Surface emissive power (actual) (kW/m2)
Atmospheric transmissivity (%)

View factor (%)

Heat radiation at Xd (kW/m2)

Other information
Main program

Chemical database
Chemical database path
Chemical database date
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Methane (YAWS)

Release from vessel through (a hole in) pipe
16

18

1.8

Sharp edges

0.62

20

80

90

OZoOOoOUOoONPKk

13.965
Choked flow
911.11
4.6438
5.733
0.14613
8.1011
24.102
3.752
368.01
338.94
249.52
249.52
83.93
4.6985
9.8397

Effects 8.0.1.3218
YAWS database

C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb

12/02/2009
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Case description: JET FIRE 50 barg -hole

Model: Gas Jet Fire (Chamberlain model)
version: 5.12 (07/03/2018)
Reference: Reference not available yet

Parameters

Inputs

Chemical name

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in vessel (°C)

Initial (absolute) pressure in vessel (bar)
Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg)
Release height (Stack height) (m)

Wind speed at 10 m height (m/s)
Percentage of the flame covered by soot (%)
Distance from release (Xd) (m)

X-coordinate of release (m)

Y-coordinate of release (m)

Predefined wind direction

Wind comes from (North = 0 degrees) (deg)

Results

Initial source strength (kg/s)

Type of flow of the jet

Exit velocity of expanding jet (m/s)

Angle between hole and flame axis (alpha) (deg)
Frustum lift off height (b) (m)

Width of frustum base (W1) (m)

Width of frustum tip (W2) (m)

Length of frustum (flame) (RI) (m)

Tilt angle central axis flare (alpha_b) (deg)
Surface area of frustum (m2)

Surface area of a cylinder (m2)

Surface emissive power (max) (kW/m2)
Surface emissive power (actual) (kW/m2)
Atmospheric transmissivity (%)

View factor (%)

Heat radiation at Xd (kW/m2)

Other information
Main program
Chemical database

Methane (YAWS)
Release from vessel through (a hole in) pipe
16

6

0.6

Sharp edges
0.62

20

50

90

1

OZoouUuoN

0.96979
Choked flow
880.87
6.4362
1.7382
0.033255
2.4608
7.3154
5.2018
33.808
31.102
190.6
190.6
89.857
3.7589
6.4378

Effects 8.0.1.3218
YAWS database

Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb

Chemical database date
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Case description: FLASH FIRE - 80 barg rupture-open

Model: Gas Release From Vessel

version: 5.09 (07/03/2018)

Reference: Yellow Book, CPR-14E, 3rd edition 1997, Paragraph 2.5.2.3 and Yellow Book, CPR-14E, 3rd edition 1997, Paragraph

25.2.3

Parameters

Inputs

Chemical name

Use which representative step

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in equipment (°C)
Initial (absolute) pressure in vessel (bar)
Vessel volume (m3)

Type of calculation

Time t after start release (s)

Results

Initial mass in vessel (kg)

Mass flow rate at time t (kg/s)

Time needed to empty vessel (s)
Total mass released (kg)

Pressure at pipe exit at time t (bar)
Temperature at pipe exit at time t (°C)
Density gas at pipe exit at time t (kg/m3)
Maximum mass flow rate (kg/s)
Representative release rate (kg/s)
Representative outflow duration (s)
Representative temperature (°C)
Representative pressure (bar)
Representative density (kg/m3)

Other information
Main program

Chemical database
Chemical database path
Chemical database date

38

Methane (YAWS)

First 20% average (flammable)
Release from vessel through (a hole in) pipe
16

18

18

Sharp edges

0.62

20

80

1E05

Calculate until device is empty

5.2657E06

18036
5.0577E06

1354.2
1299
1800

16.75

76.292

50.779

Effects 8.0.1.3218
YAWS database

C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
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Case description: Flash fire - 80 barg rupture open (linked to Gas Release From
Vessel - FLASH FIRE - 80 barqg rupture-open)

Model: Neutral Gas Dispersion: Explosive mass
version: 5.14 (11/03/2018)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Parameters

Inputs

Chemical name Methane (YAWS)
Type of release Continuous
Total mass released (kg)

Mass flow rate of the source (kg/s) 1299

Duration of the release (s)

X-coordinate of release (m) 0
Y-coordinate of release (m) 0
Z-coordinate (height) of release (m) 0
Pasquill stability class F (Very Stable)
Wind speed at 10 m height (m/s) 2
Roughness length description Low crops; occasional large obstacles, x/h > 20.
Predefined wind direction N
Wind comes from (North = 0 degrees) (deg) 0
Time t after start release (s)

Concentration averaging time (s) 20
Results

Total explosive mass (kg) 3.8025E06
Height to LEL (m) 49.9
Length of cloud (between LEL) (m) 11592
Width of cloud (between LEL) (m) 193.87
Offset between release location and LEL (m) 0.51
Area of explosive cloud (m2) 1.7514E06
Inverse Monin-Obukhov length (1/L) used (1/m) 0.073006
Mixing height used (m) 50
Stand. dev. of turbulent velocity in vert. direction used (m/s) 0.18956
Stand. dev. of turbulent velocity in horiz. direction used (m/s) 0.1297
Other information

Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009
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Case description: FLASH FIRE - 50 barqg rupture open

Model: Gas Release From Vessel

version: 5.09 (08/03/2018)

Reference: Yellow Book, CPR-14E, 3rd edition 1997, Paragraph 2.5.2.3 and Yellow Book, CPR-14E, 3rd edition 1997, Paragraph

25.2.3

Parameters

Inputs

Chemical name

Use which representative step

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in equipment (°C)
Initial (absolute) pressure in vessel (bar)
Vessel volume (m3)

Type of calculation

Time t after start release (s)

Results

Initial mass in vessel (kg)

Mass flow rate at time t (kg/s)

Time needed to empty vessel (s)
Total mass released (kg)

Pressure at pipe exit at time t (bar)
Temperature at pipe exit at time t (°C)
Density gas at pipe exit at time t (kg/m3)
Maximum mass flow rate (kg/s)
Representative release rate (kg/s)
Representative outflow duration (s)
Representative temperature (°C)
Representative pressure (bar)
Representative density (kg/m3)

Other information
Main program

Chemical database
Chemical database path
Chemical database date
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Methane (YAWS)

First 20% average (flammable)
Release from vessel through (a hole in) pipe
16

6

6

Sharp edges

0.62

20

50

1E05

Calculate until device is empty

3.291E06

1.5435E05
3.1114E06

87.175
86.73
1800
19.595
49.71
32.764

Effects 8.0.1.3218
YAWS database

C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
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Case description: Flash fire - 50 barg rupture (linked to Gas Release From Vessel -
FLASH FIRE - 50 barg rupture open)

Model: Neutral Gas Dispersion: Explosive mass
version: 5.14 (08/03/2018)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Parameters

Inputs

Chemical name Methane (YAWS)
Type of release Continuous
Total mass released (kg)

Mass flow rate of the source (kg/s) 86.73
Duration of the release (s)

X-coordinate of release (m) 0
Y-coordinate of release (m) 0
Z-coordinate (height) of release (m) 0
Pasquill stability class F (Very Stable)
Wind speed at 10 m height (m/s) 2
Roughness length description Low crops; occasional large obstacles, x/h > 20.
Predefined wind direction N
Wind comes from (North = 0 degrees) (deg) 0
Time t after start release (s)

Concentration averaging time (s) 20
Results

Explosive mass at time t (kg) 36636
Height to LEL at time t (m) 15.6
Length of cloud (between LEL) at time t (m) 1547.2
Width of cloud (between LEL) at time t (m) 39.767
Offset between release location and LEL at time t (m) 0.51
Maximum area of explosive cloud (m2) 47140
Inverse Monin-Obukhov length (1/L) used (1/m) 0.073006
Mixing height used (m) 50
Stand. dev. of turbulent velocity in vert. direction used (m/s) 0.18956
Stand. dev. of turbulent velocity in horiz. direction used (m/s) 0.1297
Other information

Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009
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Case description: FLASH FIRE - 80 barg rupture-close

Model: Gas Release From Vessel
version: 5.09 (08/03/2018)

Reference: Yellow Book, CPR-14E, 3rd edition 1997, Paragraph 2.5.2.3 and Yellow Book, CPR-14E, 3rd edition 1997, Paragraph

25.2.3

Parameters

Inputs

Chemical name

Use which representative step

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in equipment (°C)
Initial (absolute) pressure in vessel (bar)
Vessel volume (m3)

Type of calculation

Time t after start release (s)

Results

Initial mass in vessel (kg)

Mass flow rate at time t (kg/s)

Time needed to empty vessel (s)
Total mass released (kg)

Pressure at pipe exit at time t (bar)
Temperature at pipe exit at time t (°C)
Density gas at pipe exit at time t (kg/m3)
Maximum mass flow rate (kg/s)
Representative release rate (kg/s)
Representative outflow duration (s)
Representative temperature (°C)
Representative pressure (bar)
Representative density (kg/m3)

Other information
Main program
Chemical database

Methane (YAWS)
First 20% average (flammable)
Release through hole in vessel

18

Sharp edges

0.62

20

80

2.08

Calculate until device is empty

109.53

0.36267
105.29

1396.5
1237.7
0.085065
10.736
69.774
47.423

Effects 8.0.1.3218
YAWS database

Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb

Chemical database date
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Case description: Flash fire - 80 barg rupture close (linked to Gas Release From
Vessel - FLASH FIRE - 80 barg rupture-close)

Model: Neutral Gas Dispersion: Explosive mass
version: 5.14 (08/03/2018)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Parameters

Inputs

Chemical name Methane (YAWS)
Type of release Instantaneous
Total mass released (kg) 105.29

Mass flow rate of the source (kg/s)
Duration of the release (s)

X-coordinate of release (m) 0
Y-coordinate of release (m) 0
Z-coordinate (height) of release (m) 0
Pasquill stability class F (Very Stable)
Wind speed at 10 m height (m/s) 2
Roughness length description Low crops; occasional large obstacles, x/h > 20.
Predefined wind direction N
Wind comes from (North = 0 degrees) (deg) 0
Time t after start release (S) 0.085065
Concentration averaging time (s) 20
Results
Explosive mass at time t (kg) 0.19751
Height to LEL at time t (m) 2.8
Length of cloud (between LEL) at time t (m) 0.20385
Width of cloud (between LEL) at time t (m) 5.3589
Offset between release location and LEL at time t (m) 2.6764
Maximum explosive mass (kg) 96.238
...at time tmem (s) 18.858
Length of cloud (between LEL) at time tmem (m) 24.289
Width of cloud (between LEL) at time tmem (m) 7.9851
Offset between release location and LEL at time tmem (m) 25.571
Maximum area of explosive cloud (m2) 290.05
...at time tmac (s) 50.287
Explosive mass at time tmac (kg) 58.975
Length of cloud (between LEL) at time tmac (m) 42.618
Width of cloud (between LEL) at time tmac (m) 8.5972
Offset between release location and LEL at time tmac (m) 79.266
Offset between release centre and cloud centre at time tmac (m) 100.57
Inverse Monin-Obukhov length (1/L) used (1/m) 0.073006
Mixing height used (m) 50
Stand. dev. of turbulent velocity in vert. direction used (m/s) 0.18956
Stand. dev. of turbulent velocity in horiz. direction used (m/s) 0.1297
Other information
Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009
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Case description: FLASH FIRE - 50 barg rupture close

Model: Gas Release From Vessel
version: 5.09 (08/03/2018)

Reference: Yellow Book, CPR-14E, 3rd edition 1997, Paragraph 2.5.2.3 and Yellow Book, CPR-14E, 3rd edition 1997, Paragraph

25.2.3

Parameters

Inputs

Chemical name

Use which representative step

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in equipment (°C)
Initial (absolute) pressure in vessel (bar)
Vessel volume (m3)

Type of calculation

Time t after start release (s)

Results

Initial mass in vessel (kg)

Mass flow rate at time t (kg/s)

Time needed to empty vessel (s)
Total mass released (kg)

Pressure at pipe exit at time t (bar)
Temperature at pipe exit at time t (°C)
Density gas at pipe exit at time t (kg/m3)
Maximum mass flow rate (kg/s)
Representative release rate (kg/s)
Representative outflow duration (s)
Representative temperature (°C)
Representative pressure (bar)
Representative density (kg/m3)

Other information
Main program
Chemical database

Methane (YAWS)
First 20% average (flammable)
Release through hole in vessel

6

Sharp edges

0.62

20

50

2.08

Calculate until device is empty

68.454

2.8331
64.759

96.98
86.12
0.75197
10.882
43.706
29.69

Effects 8.0.1.3218
YAWS database

Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb

Chemical database date
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Case description: Flash fire - 50 barg rupture close (linked to Gas Release From
Vessel - FLASH FIRE - 50 barg rupture close)

Model: Neutral Gas Dispersion: Explosive mass
version: 5.14 (08/03/2018)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Parameters

Inputs

Chemical name Methane (YAWS)
Type of release Instantaneous
Total mass released (kg) 64.759

Mass flow rate of the source (kg/s)
Duration of the release (s)

X-coordinate of release (m) 0
Y-coordinate of release (m) 0
Z-coordinate (height) of release (m) 0
Pasquill stability class F (Very Stable)
Wind speed at 10 m height (m/s) 2
Roughness length description Low crops; occasional large obstacles, x/h > 20.
Predefined wind direction N
Wind comes from (North = 0 degrees) (deg) 0
Time t after start release (s) 0.75197
Concentration averaging time (s) 20
Results
Explosive mass at time t (kg) 1.581
Height to LEL at time t (m) 2.6
Length of cloud (between LEL) at time t (m) 1.8805
Width of cloud (between LEL) at time t (m) 4.721
Offset between release location and LEL at time t (m) 2.2777
Maximum explosive mass (kg) 59.777
...at time tmem (s) 14.635
Length of cloud (between LEL) at time tmem (m) 19.303
Width of cloud (between LEL) at time tmem (m) 6.7032
Offset between release location and LEL at time tmem (m) 19.616
Maximum area of explosive cloud (m2) 203.64
...at time tmac (s) 43.904
Explosive mass at time tmac (kg) 33.794
Length of cloud (between LEL) at time tmac (m) 35.749
Width of cloud (between LEL) at time tmac (m) 7.205
Offset between release location and LEL at time tmac (m) 69.935
Offset between release centre and cloud centre at time tmac (m) 87.809
Inverse Monin-Obukhov length (1/L) used (1/m) 0.073006
Mixing height used (m) 50
Stand. dev. of turbulent velocity in vert. direction used (m/s) 0.18956
Stand. dev. of turbulent velocity in horiz. direction used (m/s) 0.1297
Other information
Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009
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Case description: FLASH FIRE - 80 barg HOLE

Model: Gas Release From Vessel

version: 5.09 (07/03/2018)

Reference: Yellow Book, CPR-14E, 3rd edition 1997, Paragraph 2.5.2.3 and Yellow Book, CPR-14E, 3rd edition 1997, Paragraph
25.2.3

Parameters

Inputs

Chemical name Methane (YAWS)
Use which representative step First 20% average (flammable)
Type of release Release from vessel through (a hole in) pipe
Pipeline length (m) 16
Pipeline diameter (inch) 18
Hole diameter (inch) 1.8
Hole rounding Sharp edges
Discharge coefficient (-) 0.62
Initial temperature in equipment (°C) 20
Initial (absolute) pressure in vessel (bar) 80
Vessel volume (m3) 2.08
Type of calculation Calculate until device is empty

Time t after start release (s)

Results

Initial mass in vessel (kg) 109.53
Mass flow rate at time t (kg/s)

Time needed to empty vessel (s) 36.045
Total mass released (kg) 105.21

Pressure at pipe exit at time t (bar)
Temperature at pipe exit at time t (°C)
Density gas at pipe exit at time t (kg/m3)

Maximum mass flow rate (kg/s) 13.965
Representative release rate (kg/s) 12.384
Representative outflow duration (s) 8.4956
Representative temperature (°C) 10.783
Representative pressure (bar) 69.821
Representative density (kg/m3) 47.448
Other information

Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009

46

03-9032717 :ojro | 03-9037141 70 4809173 | |'vn WK 79X 7IKRD ,23 NdOXR'MN /{m
Ha Melacha 23 St., Park Afek, Rosh Ha Ayin 4809173 | Tel: +972-03-9037141 | 972-3-9032717 “.”
hazmat@hazmat.co.il | www.hazmat.co.il g

HAZMAT

Since 1985


file://///server/e/DOC/003%20שיווק/001%20חומרים%20פרסומיים/רענון%20קו%20שיווקי%202011/www.hazmat.co.il
mailto:hazmat@hazmat.co.il

AN MR AXVIDN
n7ono

Case description: Flash fire - 80 barg hole (linked to Gas Release From Vessel -
FLASH FIRE - 80 barg HOLE)

Model: Neutral Gas Dispersion: Explosive mass
version: 5.14 (07/03/2018)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Parameters

Inputs

Chemical name Methane (YAWS)
Type of release Continuous
Total mass released (kg)

Mass flow rate of the source (kg/s) 12.384
Duration of the release (s)

X-coordinate of release (m) 0
Y-coordinate of release (m) 0
Z-coordinate (height) of release (m) 0
Pasquill stability class F (Very Stable)
Wind speed at 10 m height (m/s) 2
Roughness length description Low crops; occasional large obstacles, x/h > 20.
Predefined wind direction N
Wind comes from (North = 0 degrees) (deg) 0
Time t after start release (s)

Concentration averaging time (s) 20
Results

Explosive mass at time t (kg) 1518
Height to LEL at time t (m) 6.8
Length of cloud (between LEL) at time t (m) 448.76
Width of cloud (between LEL) at time t (m) 13.079
Offset between release location and LEL at time t (m) 0.51
Maximum area of explosive cloud (m2) 4528
Inverse Monin-Obukhov length (1/L) used (1/m) 0.073006
Mixing height used (m) 50
Stand. dev. of turbulent velocity in vert. direction used (m/s) 0.18956
Stand. dev. of turbulent velocity in horiz. direction used (m/s) 0.1297
Other information

Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009
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Case description: FLASH FIRE - 50 barg HOLE

Model: Gas Release From Vessel

version: 5.09 (07/03/2018)

Reference: Yellow Book, CPR-14E, 3rd edition 1997, Paragraph 2.5.2.3 and Yellow Book, CPR-14E, 3rd edition 1997, Paragraph

25.2.3

Parameters

Inputs

Chemical name

Use which representative step

Type of release

Pipeline length (m)

Pipeline diameter (inch)

Hole diameter (inch)

Hole rounding

Discharge coefficient (-)

Initial temperature in equipment (°C)
Initial (absolute) pressure in vessel (bar)
Vessel volume (m3)

Type of calculation

Time t after start release (s)

Results

Initial mass in vessel (kg)

Mass flow rate at time t (kg/s)

Time needed to empty vessel (s)
Total mass released (kg)

Pressure at pipe exit at time t (bar)
Temperature at pipe exit at time t (°C)
Density gas at pipe exit at time t (kg/m3)
Maximum mass flow rate (kg/s)
Representative release rate (kg/s)
Representative outflow duration (s)
Representative temperature (°C)
Representative pressure (bar)
Representative density (kg/m3)

Other information
Main program

Chemical database
Chemical database path
Chemical database date

48

Methane (YAWS)

First 20% average (flammable)
Release from vessel through (a hole in) pipe
16

6

0.6

Sharp edges

0.62

20

50

2.08

Calculate until device is empty

68.454

281.8
64.711

0.96979
0.86161
75.104
10.916
43.731
29.702

Effects 8.0.1.3218
YAWS database

C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb

12/02/2009
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Case description: Flash fire - 50 barg hole (linked to Gas Release From Vessel -
FLASH FIRE - 50 barg HOLE)

Model: Neutral Gas Dispersion: Explosive mass
version: 5.14 (07/03/2018)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Parameters

Inputs

Chemical name Methane (YAWS)
Type of release Continuous
Total mass released (kg)

Mass flow rate of the source (kg/s) 0.86161
Duration of the release (s)

X-coordinate of release (m) 0
Y-coordinate of release (m) 0
Z-coordinate (height) of release (m) 0
Pasquill stability class F (Very Stable)
Wind speed at 10 m height (m/s) 2
Roughness length description Low crops; occasional large obstacles, x/h > 20.
Predefined wind direction N
Wind comes from (North = 0 degrees) (deg) 0
Time t after start release (s)

Concentration averaging time (s) 20
Results

Explosive mass at time t (kg) 20.013
Height to LEL at time t (m) 2.2
Length of cloud (between LEL) at time t (m) 81.48
Width of cloud (between LEL) at time t (m) 2.8589
Offset between release location and LEL at time t (m) 0.51
Maximum area of explosive cloud (m2) 185.34
Inverse Monin-Obukhov length (1/L) used (1/m) 0.073006
Mixing height used (m) 50
Stand. dev. of turbulent velocity in vert. direction used (m/s) 0.18956
Stand. dev. of turbulent velocity in horiz. direction used (m/s) 0.1297
Other information

Main program Effects 8.0.1.3218
Chemical database YAWS database
Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb
Chemical database date 12/02/2009
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Model: Heat radiation; consequences to Individuals
version: 4.02 (06/03/2016)
Reference: Green Book 1st edition 1992, chapter 1 (Heat radiation); pages 11-36

Parameters

Inputs

Heat radiation level at X (kW/m2)
Take effects of clothing into account

Results

Nr. of first degree burn injuries at X (%)

Nr. of second degree burn injuries at X (%)
Nr. of lethalities due to heat radiation at X (%)

Other information

Main program
Effects report created by ALINA-PC\alina at 13/03/2016 15:12:27
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10.915
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94.898
4.6975
2.4184

Effects 8.0.1.3218

03-9032717 :ojro | 03-9037141 70 4809173 | |'vn WK 79X 7IKRD ,23 NdOXR'MN
Ha Melacha 23 St., Park Afek, Rosh Ha Ayin 4809173 | Tel: +972-03-9037141 | 972-3-9032717 “.'

hazmat@hazmat.co.il | www.hazmat.co.il

1N

HAZMAT
Since 1985


file://///server/e/DOC/003%20שיווק/001%20חומרים%20פרסומיים/רענון%20קו%20שיווקי%202011/www.hazmat.co.il
mailto:hazmat@hazmat.co.il

AN MR AXVIDN
n7ono

2. Separation distances

Leakage from a hole 1" in diameter and gas cloud explosion UVCE (instantaneous leak)

Model: Gas Release From Vessel

version: 5.09 (07/03/2018)
Reference: Yellow Book, CPR-14E, 3rd edition 1997, Paragraph 2.5.2.3 and Yellow Book, CPR-14E, 3rd edition 1997, Paragraph

25.23

Parameters

Inputs

Chemical name

Use which representative step
Type of release

Pipeline length (m)

Pipeline diameter (inch)

Methane (YAWS)
First 20% average (flammable)
Release through hole in vessel

Hole diameter (inch) 1
Hole rounding Rounded edges
Discharge coefficient (-) 1
Initial temperature in equipment (°C) 25
Initial (absolute) pressure in vessel (bar) 80
Vessel volume (m3) 0.57

Type of calculation
Time t after start release (s)

Calculate until device is empty

Results

Initial mass in vessel (kg) 29.511
Mass flow rate at time t (kg/s)

Time needed to empty vessel (s) 19.661
Total mass released (kg) 28.356
Pressure at pipe exit at time t (bar)

Temperature at pipe exit at time t (°C)

Density gas at pipe exit at time t (kg/m3)

Maximum mass flow rate (kg/s) 6.8933
Representative release rate (kg/s) 6.1117
Representative outflow duration (s) 4.6395
Representative temperature (°C) 15.601
Representative pressure (bar) 69.803
Representative density (kg/m3) 46.642

Other information
Main program
Chemical database

Effects 8.0.1.3218
YAWS database

Chemical database path C:\Program Files (x86)\TNO\Effects 8.0\Shared data\Databases\Purple Book (1999).rdb

Chemical database date
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NG SEPARATION DISTANCE ALOHA

SITE DATA:
Location: ISRAEL, ISRAEL
Building Air Exchanges Per Hour: 0.41 (unsheltered single storied)
Time: October 29, 2014 1033 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: METHANE
CAS Number: 74-82-8 Molecular Weight: 16.04 g/mol
PAC-1: 2900 ppm PAC-2: 2900 ppm PAC-3: 17000 ppm
LEL: 50000 ppm  UEL: 150000 ppm
Ambient Boiling Point: -161.6° C
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 3 meters/second from e at 10 meters
Ground Roughness: urban or forest  Cloud Cover: 5 tenths
Air Temperature: 25°C
Stability Class: D (user override)
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Direct Source: 6.1133 kilograms/sec Source Height: 0
Release Duration: 1.2 minutes
Release Rate: 367 kilograms/min
Total Amount Released: 440 kilograms
Note: This chemical may flash boil and/or result in two phase flow.
Use both dispersion modules to investigate its potential behavior.

THREAT ZONE:
Threat Modeled: Overpressure (blast force) from vapor cloud explosion
Type of Ignition: ignited by spark or flame
Level of Congestion: congested
Model Run: Gaussian
Red :84 meters --- (0.1 atmospheres)
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Annex 3- Individual Risk, IR, calculation

The following figure shows the procedure to calculate the Individual Risk, IR, at a grid point

(figure 6.1 in the "purple book"):

[ Select s LOC,
froquency {_S

Seloct a weathor ciass |
and a wind directon, 4
Probabiises P_M. P_g

Seloct an ignition event,
Probability P_i

Cakulate T prodabdity of
death at the grd point, P_d

l
v

Calculate the contribution at
e grid point, AIR_S M0,

N

pont

Calculate e total IR st the grid |

3

i

The contribution of each scenario at a grid point is calculated by:
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AIRS,M,,i = fs Py P, P,-Py [y ']

Where:
fs [y~1]is the failure frequency of the loss of containment event (LOC), S.
Py, is the probability of a whether class M.

P, is conditional probability, the probability to obtain the wind direction ¢, given the weather

class M.

P; is conditional probability, the probability of an ignition event, in case of the release of
flammables.

P, is the probability of death at the grid point, given loss of containment event S, the weather
class M, the wind direction ¢ and the ignition event i.

After repeating the calculation for all ignition events, all weather classes all wind directions and
of containment events, the total IR at the grid point is calculated as:

IR = 353 Yo Xi MR
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Ammonia Plant
Rotem Industrial Park
PRMS

Hazardous Area Classification

By: Hazmat, Risk Eng. Department

®..

kSincc 1985\
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Classification
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Project no.

Commercial

Risk Engineering
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070024

and according to the international quality standard 1SO:9001-2008

The quality of the report has been inspected by the quality system of Haz-Mat according to Haz-Mat QA procedures
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INTRODUCTION

Background

Hazardous area classification is the term used to indicate the areas where flammable atmosphere
may occur in various modes of operation. In classified areas, electrical equipment must be protected
to prevent unwanted ignition of a flammable atmosphere. The level of protection is proportional to

the potential of formation of a flammable atmosphere.

Scope

The scope of the report is to identify the hazardous area of the natural gas supply line designed by

Baran for the ammonia plant in Rotem industrial park.

According to the Israeli legislation hazardous area classification in NG installations should follow the

IEC 60079 part 10.1 standard or IGEM/SR/25 standard.
Reference

e Hazardous Area Classification of Natural Gas Installations, Institution of Gas Engineering and

Managers (IGEM) /SR/25 edition 2 2010.

e No drawings have been submitted at the time the study has been written. Correspondence with the

station designers as for work assumption such as the pressure in the station etc.
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HAZARDOUS AREA CLASSIFICATION METHOD
Hazardous area classification is based on IGEM/SR/25 and defines six possible zones in which there
is or could be an explosive gas atmosphere in levels which require special precautions to be taken.

The zones are specified according to the frequency and duration of the explosive gas atmosphere:

Zone 0, an area in which an explosive atmosphere consisting of a mixture with air of gas, vapor

or mist is present continuously, or for long periods or frequently.

= Zonel, anareain which an explosive atmosphere consisting of a mixture with air of gas, vapor

or mist is likely to occur in normal operation occasionally.

=  Zone 2, an areain which an explosive atmosphere consisting of a mixture with air of gas, vapor
or mist is not likely to occur in normal operation but, if it does occur, will exist for a short

period only.

= Zone 0 NE, an area in which an explosive atmosphere consisting of a mixture with air of gas,
vapor or mist is present continuously, or for long periods or frequently, but would be of

negligible extent.

= Zone 1 NE, an area in which an explosive atmosphere consisting of a mixture with air of gas,
vapor or mist is likely to occur in normal operation occasionally, but would be of negligible

extent.

= Zone 2 NE, an area in which an explosive atmosphere consisting of a mixture with air of gas,
vapor or mist is not likely to occur in normal operation but, if it does occur, will exist for a

short period only and would be of negligible extent.

The area zoning depends upon the degree of release and availability of ventilation.

The standard defines tree grades of release:
=  Continuous — a release (from certain valve actuators, analyzers, instrument vent pipe
terminations, gas-powered controllers) which is continuous or is expected to occur frequently

or for long periods.
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=  Primary —a release (from purge vent pipe terminations, drains and sample point, if operating
frequently or if not capped when not in use) which can be expected to occur periodically or

occasionally during normal operation.

= Secondary—a release (from sources with a nominal hole size of 0.25 mm?, or larger e.g. purge
vents, drain and sample points if operating infrequently, relief valve vent when operating,
process, machinery and instrument vent, if operating infrequently) which is not expected to
occur in normal operation and, if it does occur, is likely to do so only infrequently and for short

periods.

The standard defines availability and degrees ventilation as follows:

Natural ventilation — ventilation through an enclosed space where the flow of air is motivated

by wind and/or buoyancy.

= Artificial ventilation - ventilation through an enclosed space where the flow of air is forced or

induced by mechanical means.

=  More than adequate ventilation — any means of ventilation that is sufficient to ensure that a
gas concentration is excess of 10% LFL (lowest flammable limit) is unlikely outside of the

classified zones.

= Adequate ventilation — any means of ventilation that is sufficient to ensure that a gas

concentration is excess of 25% LFL is unlikely outside of the classified zones.

= [Inadequate ventilation — any lesser level of ventilation than required to achieve the objective

of "adequate ventilation".
= Poor ventilation — levels lower than "inadequate ventilation".

= Dilution ventilation — correctly distributed forced or induced ventilation, to provide sufficient
air change rate through any potentially hazardous area to dilute a defined leak to a level that

is sufficiently low as to not pose a significant hazard.
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HAZARDOUS AREA CLASSIFICATION

1. Hazardous area classification around equipment — Fittings, Flanges, Screw

Connections, Valves, etc.

Electrical installations around the gas pipe line will be explosion proof in accordance with the
area classification and adjusted to each zone that will be determine.

In order to determine the explosive atmosphere zones around the planned NG pipe line at the
PRMS station in the ammonia plant, the line was defined according to the standard. It is assumed
that the skid will be under a shed. According to IGEM/SR/25, this section is defined as a building
(indoor installation). According to the standard, a building is an enclosed space which by design
allows people to enter, characterized by presence of a roof and may have any number of walls
including none at all.

The line is divided into two different operating pressures- 80 barg and 50 barg (after reduction).
In order to determine the zoning for indoor installation, the degree of ventilation should be
determined first.

Since there is no specific design it is assumed that the ventilation will be "more than adequate".
Ahead is the calculation for the openings area required to create "more than adequate"

ventilation in the PRMS station.

Natural ventilation:

1.6.1 According to IGEM/SR/25 standard, the degree of ventilation and the zoning
determination are a function of a few parameters:
e Number of walls (% free ventilation)
e Openings area (total free ventilation area of cross sectional area) (A)
e Number of primary and secondary release sources (Np, Nsn/a)
e Frequency of failure per year for each source (fi)
e Period between inspection (Tsn/a)
e Release rate from each source (Gp/sn)
e Total release rate in the enclosed space (G)
e Cross-section area of orifice ((A) — for G calculation) — For secondary a nominal hole

size of 0.25 mm?
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e Height of the enclosed space and distance from another structure (H1,2)

e Distance from the enclosed space to another structure (D)

e Average wind speed (U)

1.6.2 Ammonia plant station ventilation

1.6.2.1 The degree of ventilation in the shed is obtained by measuring the area of natural
ventilation and comparing it to mathematical expressions which describe the level of
ventilation:

1.6.2.2 The ventilation is "More than adequate" if A>Ap,10
Ab,10=7762*G*L0°=70 m?
A= openings area (total free ventilation area of cross sectional area)

A - Is the sum of openings area in the station

L=Vertical distance between the center of high level and low level ventilators, as
mentioned before because there are no ventilators, the distance L was defined as the
height of the openings (m)=2m

G= Total release rate in the enclosed space - The sum of 4 secondary release rates (Gsn)
at a time (according to IGEM/SR/25 standard, Appendix 7, A7.1.2-4).

The total release rate is G=0.012755

If the plant fails to maintain normal conditions the release rate might be increased as
indicated in the note beneath the table 2 (for adverse conditions - the hole cross-section
area shall be taken as 2.5 mm?). For this purpose, adverse conditions: such as — the gas is
not clean, the gas is not dry, vibrating equipment, corrosive atmosphere etc.

1.6.2.3 "Adequate" if A>Ap 25

Ap25=1964*G*L95=17.7 m?

1.6.2.4 "Inadequate" if Ap25>A>Ap 50

Ab 50=694*G*[0°=6.3 m?
1.6.2.5 "Poor" if Ap,s0>A

Ap,50=694*G*L-0.5=6.3 m?

1.6.2.6 Minimum total free ventilation area that will ensure adequate wind-driven ventilation in
an enclosure that is provided with natural ventilation (Aw) = K¥*G*(U10-s0*H1%”)* (for non-
sheltered enclosure). Assuming that the height of the enclosure is 3 meters, the wind
speed is 3 m/sec and the number of walls with openings is either 2 or 3 walls.
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Table 1 -Degree of ventilation in Ammonia plant station - section (c).

Location G Ab,10 Ap2s Aw Aw Level of
(kg/sec) (m?) (m?) Openingsin | Openingsin | yantilation
2 walls (m?) | 3walls (m?)
Ammonia 0.012755 70 17.7 71 34 More than
plant adequate

1.7 In order to have "more than adequate" ventilation it is required that A, the sum of openings area
in the station should be 71 m2.

1.8 According to Clause 5.3.2.2, if the ventilation is "more than adequate" and the gas releases are
obstructed (the leak location may lie within one meter of three or more obstructions (two walls,
floor and roof), the zoning distance X, for indoor installation, shall be determined according to
table 2 of sub-section 5.2 in the IGEM/SR/25 standard.

1.9 The zoning distance (X) is indicated in figures 1(a) to 1(f)* and table 2 in the IGEM/SR/25
standard.

*Figures 1(e) and 1(f) are irrelevant for this pipe line.

1.10In light of the result obtained above, and in accordance with IGEM/SR/25 standard, the

classification around the entire pipe line installation shall be as specified in table 2, below. Zoning

around vent terminations, shall be as detailed in clause 2.
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d xl)' @V Determine the zoning distance from

the centre of the fitting.

Determine the zoning distance from
the edges of the flange.

Determine the zoning distance from the
centre for the opening of the valve.
Where the valve is not capped or
plugged, there will also be a Zone 1 area
X. (see Table 5 and 18) associated with
the valve seat. Where the valve s

- capped or plugged, the threads of these
components are treated as in
Figures 1(a) or 1(b). In both cases all
other flanges or screwed connectors
follow Figures 1(a) or 1(b).

Figure 1(c) - Valve connections

Determine the

zoning distance

X from where the
spindle enters the

valve body. For

flanges or screwed

connectors follow

X )
Figures 1(a) or 1(b).
Figure 1(d) - Valve glands
Colour Key
Zone 0 —™ red
Zone 1 orange
Zone 2 green
The actual zone will
depend upon the
assessed frequency
and duration of release
Note For values of X, see Table 1 for freely ventilated installations or Table 2 for congested or

confined installations.

FIGURE 1 - EXTENT OF THE HAZARDOUS AREA SURROUNDING FLANGES,
SCREWED FITTINGS, JOINTS, VALVE GLANDS AND
REGULATORS WITH THEIR COMPONENTS (SECONDARY
GRADE RELEASES OUTDOORS) (Cont overleaf)

64

i 03-9032717 :o79 | 03-9037141 :70 4809173 | |'Vi WK 79X 7RO ,23 NdN'N
Ha Melacha 23 St., Park Afek, Rosh Ha'Ayin 4809173 | Tel: +972-03-9037141 | 972-3-9032717
hazmat@hazmat.co.il | www.hazmat.co.il

HAZMAT
@incc 1985j


file://///server/e/DOC/003%20שיווק/001%20חומרים%20פרסומיים/רענון%20קו%20שיווקי%202011/www.hazmat.co.il
mailto:hazmat@hazmat.co.il

A

AN MR AXVIDN
n7ono

Table 2 — Zoning around pipe installation

Important notes:

1) Zoning refers to fittings, flanges, screw connections, valves, etc under normal conditions. If the plant
fails to maintain normal conditions the zoning area might be increased. For this purpose, adverse
conditions: such as —the gas is not clean, the gas is not dry, vibrating equipment, corrosive atmosphere
etc.

2) The NG system and pipeline are located in surrounding where normal conditions are maintained.

Zoning
Sign Description Zone | distance from Installations
the source
Entire area
Gas pipe line 0 Inside the gas
pipe line.
Radius from valves This is for normal condition
and fittings in the (For adverse condition - Any non-exproof
outdoor congested Zone electrical installation (including inside power
X . 2m plant and transformer) within 6.5 meter radius,
pipe- 2
in all directions, from manual valves, drain and
(Clause 5.2.1 and sample points if operating infrequently, flanges,
TABLE 2) — OP=80 barg orifices, and any un welded connections.)
This is for normal condition
Radius from valves
(For adverse condition - Any non-exproof
and fittings in the o o o
electrical installation (including inside power
X outdoor congested Zone ’m plant and transformer) within 5.5 meter radius,
pipe- 2 in all directions, from: SSVs, PCVs, manual valves,
(Clause 5.2.1 and drain and sample points if operating
TABLE 2)- OP=50 barg infrequently, flanges, orifices, and any un welded
connections.)
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2. Hazardous area from Natural gas vents
2.1 Itis assumed that there will be at least one HP vent (80 barg). The vent in the planned NG pipe

line is assumed to be defined as an ideal vent (according to figure 13 in IGEM/SR/25 Standard).

Zoning distances for an ideal vent pipe are as indicated in appendix 9 in the standard.

A
p_x—'>
X
F T 4 I X, )
A '
I X,
: 0.2 hg
X« g 0.25 X, - Additi
; K- itional
’] | S — downward dispersion
" for vents subject to
he = d :.nom_mal — - downwash
[] pipe dia see clause 5.2.2.4
j B Colour Key:
Zone 0 red
Xc Zone 1 orange
Zone 2 green
The actual zone will
depend upon the
ground assessed frequency
and duration of release
Zone valve,
creep relief
and joints as
in Figure 1

Note: X = zone distance (see Tables 13 to 16)

Figure 13 — Extent of hazardous areas for vent pipe terminations. Ideal venting
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Xs is the radius of the hazardous Zone 1 from a vent pipe. According to clause 5.2.3 in the
standard, Xs will be 1 meter radius to cover the possibility of leakage of gas via the seat of a
closed valve.
In order to determine Zone 2 radius from the vent termination, the standard requires defining

some parameters and performing some calculations.

G - Mass flow rate from the vent (kg/sec)

Cq4 - coefficient of discharge of orifice

Xr - The radius of the horizontal zone from a vent pipe

Xh - is the vertical height/length of the hazardous area extending from the vent pipe
hs - Height of vent tip above ground level or roof line

Xc - Radius from Vent drain holes

Dispersion distance X; and Xn were selected from table 14 and 15 in the standard for the
appropriate flow rate and vent pipe termination diameter.

IGEM/SR/25 standard clause 5.2.2.2 describes two equations for vent pipe flow rate, according
to the relevant OP (Operating Pressure): OP>850 mbar or OP<850 mbar. The operating pressure
is 80 barg and 50 barg after reduction and the equation for systems with Operating Pressure (OP)
equals or above 850 mbar was used:

G =675 Cq A M %5 T-05 (P+1.1013)105

Table 3 —Vent pipe 2 " HP vent- G calculation

HP vent
850 mbar {above ground}
[m]
OopP Operating Pressure (bar) 80
G Mass flow rate (kg/sec) 25.85
M Molecular Weight (kg/kmol) 16.05
Gas temperature upstream of orifice (K) 293
P Gas pressure (bar) 80
Cq coefficiant of discharge of orrifice 0.8
A Cross-section area of oriffice (m?) 0.00202683
d Cross-section diameter (m) 0.051
G= kg/sec 25.85
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2.6 According to the vent pipe termination, flow rate, parameters and other calculation, the zoning

around the vent termination shall be according to table 5, below:

Table 5 — Zoning around Vents termination

HP Vent Taken from
Parameter Description {Vent diameter IGEM/SE/25
2"} [m] clause
Downward
0.10 5.2.2.3(a)
X dispersion
Cross-section
0.0508
d diameter (m)
Radial dispersion
10.00 TABLE 16
X distance
Downward
dispersion distance
X1+0.2hs or X 0.40 5.2.2.3 (b)
whichever is the
smaller
Height of vent tip
1.5
hs above roof line (m)
Horizontal radius of
the momentum-
19.0 5.2.2.4 and TABLE 14
drive hazardous
Xr area
Total downward
dispersion distance
X+0.2hs + 0.25X or 2.90 5.2.2.4
Xk Wwhichever is the
smaller
5.2.2.5 and TABLE 13
Xc Vent drain holes 5.50
and TABLE 19
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HP Vent Taken from
Parameter Description {Vent diameter IGEM/SE/25
2"} [m] clause
Vertical dispersion
100.00 app.9 and TABLE 15
Xh distance
Radius of the
hazardous Zone 1
1.00 5.2.3
from a vent pipe
Xs (m)
Mass flow rate
25.85
G (kg/sec)

A work assumption is that the vents will be located 1.5 meter above the shed.

The horizontal dispersion X distance:

e For HP 2" vent line — is 19 meters, according to table 14 in the IGEM standard.

The vertical dispersion distance (upward from vent ending) Xn:

e For HP 1.5" vent line — is 100 meters according to table 15 in the IGEM standard.

The radius of the hazardous Zone 1, Xs— from the vent pipes termination more than 7 barg is

1 meter according to clause 5.2.3 TABLE 18 and TABLE 5.

The distance Xc from the drain hole of the vent is 5.5 meters.
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