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1 GENERAL 

1.1 Scope 

 

Scope of this Quantitative Risk Analysis (QRA) is: 

1) Identify worst case scenarios associated with the plant and the potential likelihood of such 
occurring; 

2) Undertake consequence modelling to determine the impacts associated with identified 
scenarios including the extent of any off-site impacts, specifically those on the public;  

3) Based on the findings of the above, define mitigation measures if applicable allied to residual 
risks if any. 

 

 

2 EXECUTIVE SUMMARY 

This Quantitative Risk Analysis (QRA) is focused on the identification and assessment of major 
accidental scenarios, that have a significant potential of affecting areas outside the boundary of 
Dangote Fertilizer Plant. 

The worst case scenarios evaluated in this QRA have been selected considering the equipment 
where ammonia is handled with the highest concentration, inventory, and pressure, based on the 
following considerations: 

1. In case of an accidental release, toxic  substances are dangerous at lower concentration 
than  flammable substances, and have a greater potential of affecting offsite locations;  in 
addition no ignition source is necessary to cause damage to people health, therefore the 
frequency of toxic scenarios is generally higher than flammable scenarios.. 

2. The main toxic substance handled in the Dangote units is ammonia, both in liquid and in 
vapor phase.  

In  particular, the following release cases have been identified for the Dangote Fertilizer Plant:  

• Release from the line connecting the Ammonia Unit to Urea Unit (from the E-512 Ammonia 
Product Heater to the S-04 B.L. Ammonia Filters) 

• Release from the line connecting the Ammonia Storage to the Urea Unit (from Pump 30-
P01 Ammonia Process Transfer Pump to S-04 B.L. Ammonia Filters) 

Two classes of leak sizes have been evaluated: 

• Minor leak, characterized by hole size of 10 mm 

• Major leak, characterized by a hole size of 50 mm 

The more credible release scenarios (leak release size 10 mm) have been taken into consideration 
for the development of the Emergency Response Procedure (spc. n° 00-ZA-E-85009).  The toxic 
concentration limit considered for the purposes of the emergency escape plan is IDLH (immediate 
dangerous to life and health). 
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Given the area extension at 300ppm (about 1000 meters), the emergency plan shall evacuate 
people from the affected area within 30 minutes from the accidental event occurrence. 

Finally, In order to assess the impact of the evaluated ammonia release scenarios on the off-site 
area, the Local Specific Individual Risk (LSIR) have been estimated. Individual Risk is defined as 
the frequency with which, at a given location, conditions for lethality may exist, considering all the 
accident scenarios evaluated. 

Results of this QRA in terms of Individual Risk contours map have been evaluated with reference to  
acceptance risk criteria adopted in United Kingdom and Netherlands. 

Individual Risk contours map relevant the assessed scenarios of Dangote Fertilizer Project shows 
that Individual Risk to the Public is lower than 10-6, hence accetable. 

Moreover, the assessed scenarios generate inside the plant a Local Specific Individual Risk (LSIR)  
lower than 10-3, which can be classified as “tolerable”. 

 

 
3 REFERENCES 

[1] OGP (International Association of Oil & Gas Producers), Risk Assessment Data Directory,         
434-1 Process release frequencies, March 2010. 

 
[2] Center for Chemical Process Safety (CCPS), “Guidelines for Developing Quantitative Safety  

Risk Criteria”, American Institute of Chemical Engineers (AIChE), 2009. 
 
[3] “Lees’ Loss Prevention in the Process Industries” – 3rd ed. (2004) Butterworth-Heinemann. 
 
[4] “Guidelines for Quantitative Risk Assessment”, TNO Purple Book, CPR18E, 2005. 
 
 
 

4 WORST CASE SCENARIO IDENTIFICATION 

The hazardous substances handled in the Dangote Fertilizer are mainly the following: 

• Ammonia; 

• Natural  Gas; 

• Process Gas; 

• Synthesis gas; 

• Carbon dioxide. 

In case of an accidental release, toxic  substances are dangerous at lower concentration than  
flammable substances, and have a greater potential of affecting offsite locations;  in addition no 
ignition source is necessary to cause damage to people health, therefore the frequency of toxic 
scenarios is generally higher than flammable scenarios.. 

The main toxic substance handled in the Dangote Fertilizer units is ammonia, both in liquid and in 
vapor phase. Toxic properties of ammonia are reported in the attached Material Safety Data Sheet. 
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Based on the above considerations, the worst case scenarios evaluated in this QRA have been 
selected considering the equipment where ammonia is handled with the highest concentration, 
inventory, and pressure. 

In particular, the following release cases have been identified:  

• Release from the line connecting the Ammonia Unit to Urea Unit (from the E-512 Ammonia 
Product Heater to the S-04 B.L. Ammonia Filters) 

• Release from the line connecting the Ammonia Storage to the Urea Unit (from Pump 30-
P01 Ammonia Process Transfer Pump to S-04 B.L. Ammonia Filters) 

 

In normal operation, the Ammonia is sent to Urea from  Ammonia Unit (11/21-E-512), via 8” line at 
25 barg and 20°C. 

The length of the line is about 200 m (each Ammonia-Urea Train), and the inventory feeding an 
accidental release from the line is the liquid hold up of the Let Down Vessel V-502 (36 m3). 

In case of Ammonia Unit out of service, ammonia is sent to Urea from storage tank 30-T01 through 
the pump 30-P-01. 

The line downstream 30-P-01 is a  8” line at 26.4 barg and -33°C; the total length of the line 
(considering both Urea Trains) is about 1000 m . In case of an accidental release from this line, the 
outflow rate is limited by the normal flow rate of the ammonia transfer pump; conservatively 120% of 
this flow rate is considered, allowing for the the shift of the working point of the pump (30 kg/s). 

In the analysis the Ammonia-Urea lines have been considered operated 95% of the time, while the 
lines Storage-Urea only 5% of the time. 

4.1 Ammonia release and dispersion 

 

Given the same rupture size, liquid ammonia, compared with vapor ammonia,  will give higher 
release rates and heavier vapor plume clouds, dispersing at ground level, due to both low 
temperature and liquid droplets entrained in the cloud. 

Based on the above considerations, a liquid ammonia release following a random rupture shall be 
considered as representative worst case event. 

Ammonia boiling point is lower than ambient temperature at atmospheric conditions. When liquid 
pressurized ammonia, stored at a temperature above its normal boiling point,  is released to open 
air, it undergoes a flash, i.e. part of the liquid instantaneously vaporizes; a liquid ammonia release 
will develop partly in a two phase flashing jet, dispersing and diluting in air, and partly in a liquid 
evaporating pool.  

4.2 Release case selection 

 

Based on a “random rupture” approach, a rupture could occur on any component of the considered 
systems. In particular, in this analysis it has been assumed that a release can occur at any point 
along the identified lines, from the Ammonia units to Urea units, and from Storage to Urea units. 

Two classes of leak sizes have been evaluated: 

• Minor leak, characterized by hole size of 10 mm 

• Major leak, characterized by a hole size of 50 mm 
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The following systems, where pure ammonia is handled, have not been selected as representative 
worst cases, for the reasons illustrated below. 

 

Releases form the Ammonia storage tank have not been analysed, since  the tank is a double wall – 
double  integrity type, designed so that both the primary and secondary self-supporting containers 
shall be capable of independently containing the stored liquid. A leakage from tank is very remote, 
since it would imply the double jeopardy of simultaneous  release from both internal and external 
walls. 

Ammonia vapour displacement blower – ammonia is processed in vapor phase at low operating 
pressure of 3.5 barg. No ammonia release from this system will been considered as representative 
worst case for the unit. 

Ammonia storage flare – ammonia in this system is in vapor phase only. No ammonia release from 
this system will been considered as representative worst case for the unit. 

Liquid ammonia from ammonia unit to ammonia tank is through a 8” line at 5 barg, via 11-P-501A/B, 
operated only in case of Urea unit out of service. This system has not been considered, for both low 
pressure and low frequency. 

Ammonia refrigeration package – both vapor and liquid ammonia is processed in this system. Liquid 
ammonia is routed to ammonia tank through a 4” pipe at 35 barg. The consequences of a release 
from this system are similar to the ones already analyzed for the 8” ammonia line. 

 

 

5 QRA METHODOLOGY 

The risk analysis of the selected scenarios has been carried out through the following steps: 

• Evaluation of the leak frequency 

• Calculation of the consequences of the releases 

• Estimation of the probability of damage / lethality for an individual exposed to an ammonia 
toxic release 

• Calculation of the risk of fatality, i.e. the frequency with which a fatality is exected to occur 
throughout the area affected by the ammonia releases evaluated. 

 

The Leak Frequency has been calculated, based on the Parts Count summarizing the items 
identified as potential release points, and the leak frequency database OGP (International 
Association of Oil & Gas Producers), Risk Assessment Data Directory, 434-1 Process release 
frequencies, March 2010. 

The consequences and the risk have been calculated using the software Phast Risk 6.7. 

5.1 Meteorological conditions 

 

The meteorological condition considered are: 

• Medium wind speed of 5 m/s, associated to a Pasquill category D (typical day/sunny 
condition, neutral atmosphere); 
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• Low wind of 2 m/s, associated to Pasquill category F (typical night/cloudy condition, stable 
atmosphere, implying less mixing and dilution with air and longer toxic distances). 

The D5 and F2 conditions have been assumed to exist 50% of the time each. 

The wind direction probabilities have been set considering the site prevailing wind, considering 55% 
probability of the wind blowing to NE sector. 

Temperature: 20 °C; 

Humidity: 70%. 

 

5.2 Ammonia Thresholds 

 

The distances to the following ammonia concentration thresholds have been evaluated: 

IDLH (Immediately Dangerous to Life and Health), is the maximum concentration to which an 
operator may be exposed for 30 minutes without suffering irreversible health damage, or impairing 
the possibility of escape or self protection. 

ERPG-2 (Emergency Response Guideline) is the maximum airborne concentration below which it is 
believed that nearly all individuals could be exposed for up to 1 hr without experiencing or 
developing irreversible or other serious health effects or symptoms which could impair an 
individual's ability to take protective action.  

ERPG-3 is the maximum airborne concentration below which it is believed that nearly all individuals 
could be exposed for up to 1 hour without experiencing or developing life-threatening health effects.  

For Ammonia, ERPG-2 value is 150 ppm; IDLH value is 300 ppm, ERPG-3 value is 750 ppm. 

5.3 Ammonia Vulnerability 

The probability of fatality following the exposure to an Ammonia releases has been calculated 
through the “Probit model” included in the software Phast Risk. 

The program calculates the dose absorbed by an individual at any given location, depending on the 
ammonia concentration and exposure time. 

Then the probability of fatality, as a function of the absorbed dose, is calculated, using the probit 
coefficients defined in the Phast risk database for the ammonia: 

Probit = a + b LN(Cn Texp);  

a = -16.21, b = 1, n = 2. 

Based on the used probit equation, the following vulnerabilty is calculated: 

• 50% vulnerability, for an exposure to 7400 ppm for 30 minutes; 

• 1% vulnerability, for an exposure to 2300 ppm for 30 minutes . 
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6 FREQUENCY ANALYSYS 

The Parts Count of the items (flanges, valves, instruments) considered as potential release points is 
relevant to the following lines: 

Line downstream Ammonia Product Heater (11/21-E-512)  to  Urea Unit:   

8"-11-AL5027-13P-F; 

Line downstream Ammonia Process Transfer Pump 30-P-01 to  Urea Unit:  

8"-30-AL3015-53A-F; 

8"-30-AL3016-53A-F; 

8"-30-AL3005-53A-F; 

8"-11-AL3056-53A-F. 

 

The following figure  shows the routing of the above lines. 
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The following tables summarize the Parts Count for the considered systems, with the leak frequency 
calculated from the OGP database. 

For risk assessment purposes, the leak frequency of the classes 3-10 mm and 10-50 mm have been 
summed and associated to the 10 mm consequences, while the frequency of the classes > 50 mm 
have been associated to the 50 mm consequences. 
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• Leak Frequency of line connecting the Ammonia Unit to Urea Unit 
Isolatable Section TAG  

Isolatable Sections  

Description From Ammonia Units to Urea Units

Ref. PFDs -

Ref. P&IDs 11-GD-B-06830; 10-GD-4C-06416

Item TAG Description Sub-section Item Type Quantity 1 to 3 mm 3 to 10 mm 10 to 50 mm 50 to 150 mm >150 mm

8"-11-AL5027-13P-F FROM  11/21-E-512 to UREA (10/20-S-04) 1 Steel Process Pipe 6" DIA (150mm) 200 5.20E-03 1.70E-03 5.40E-04 1.20E-04 0.00E+00

1 Flanged Joints 6" DIA (150mm) 6 2.22E-04 6.60E-05 1.80E-05 1.20E-05 0.00E+00

1 Manual Valves 6" DIA (150mm) 2 6.20E-05 2.40E-05 9.40E-06 4.80E-06 0.00E+00

1 Instruments < 2" DIA (50mm) 3 5.40E-04 2.04E-04 7.50E-05 0.00E+00 0.00E+00

1 Totale 6.02E-03 1.99E-03 6.42E-04 1.37E-04 0.00E+00

Leak Frequency

 

 

• Leak Frequency of line connecting the Ammonia Storage to Urea Unit 
Isolatable Section TAG  

Isolatable Sections  

Description Line from Storage to Urea Units

Ref. PFDs -

Ref. P&IDs
30-GD-B-86366;  00-GD-B-6200; 30-GD-B-

86364; 11-GD-B-06831; 10-GD-4C-06416

Item TAG Description Sub-section Item Type Quantity 1 to 3 mm 3 to 10 mm 10 to 50 mm 50 to 150 mm >150 mm

8"-30-AL3015-53A-F FROM 30-P-01 TO AL3016 1 Steel Process Pipe 6" DIA (150mm) 14 3.64E-04 1.19E-04 3.78E-05 8.40E-06 0.00E+00

1 Flanged Joints 6" DIA (150mm) 8 2.96E-04 8.80E-05 2.40E-05 1.60E-05 0.00E+00

1 Manual Valves 6" DIA (150mm) 2 6.20E-05 2.40E-05 9.40E-06 4.80E-06 0.00E+00

1 Instruments < 2" DIA (50mm) 5 9.00E-04 3.40E-04 1.25E-04 0.00E+00 0.00E+00

8"-30-AL3016-53A-F FROM AL3016 TO AL3005 1 Steel Process Pipe 6" DIA (150mm) 20 5.20E-04 1.70E-04 5.40E-05 1.20E-05 0.00E+00

8"-30-AL3005-53A-F  FROM AL3016 TO AL3056 1 Steel Process Pipe 6" DIA (150mm) 342 8.89E-03 2.91E-03 9.23E-04 2.05E-04 0.00E+00

1 Flanged Joints 6" DIA (150mm) 8 2.96E-04 8.80E-05 2.40E-05 1.60E-05 0.00E+00

1 Manual Valves 6" DIA (150mm) 1 3.10E-05 1.20E-05 4.70E-06 2.40E-06 0.00E+00

1 Actuated Valves 6" DIA (150mm) 1 2.20E-04 6.60E-05 1.90E-05 8.60E-06 0.00E+00

8"-30-AL3005-53A-F to train 2 Urea 1 Steel Process Pipe 6" DIA (150mm) 167 4.34E-03 1.42E-03 4.51E-04 1.00E-04 0.00E+00

1 Totale 1.59E-02 5.23E-03 1.67E-03 3.74E-04 0.00E+00

8"-11-AL3056-53A-F  FROM  11-AL-5024 to UREA (10-S-04) 2 Steel Process Pipe 6" DIA (150mm) 220 5.72E-03 1.87E-03 5.94E-04 1.32E-04 0.00E+00

2 Flanged Joints 6" DIA (150mm) 8 2.96E-04 8.80E-05 2.40E-05 1.60E-05 0.00E+00

2 Manual Valves 6" DIA (150mm) 2 6.20E-05 2.40E-05 9.40E-06 4.80E-06 0.00E+00

2 Instruments < 2" DIA (50mm) 1 1.80E-04 6.80E-05 2.50E-05 0.00E+00 0.00E+00

2 Totale 6.26E-03 2.05E-03 6.52E-04 1.53E-04 0.00E+00

8"-11-AL3056-53A-F to  train 2 Urea 3 Steel Process Pipe 6" DIA (150mm) 220 5.72E-03 1.87E-03 5.94E-04 1.32E-04 0.00E+00

3 Flanged Joints 6" DIA (150mm) 8 2.96E-04 8.80E-05 2.40E-05 1.60E-05 0.00E+00

3 Manual Valves 6" DIA (150mm) 2 6.20E-05 2.40E-05 9.40E-06 4.80E-06 0.00E+00

3 Instruments < 2" DIA (50mm) 1 1.80E-04 6.80E-05 2.50E-05 0.00E+00 0.00E+00

3 Totale 6.26E-03 2.05E-03 6.52E-04 1.53E-04 0.00E+00

Totale complessivo 2.84E-02 9.33E-03 2.98E-03 6.79E-04 0.00E+00

Leak Frequency

 
 

 

7 CONSEQUENCE ANALYSIS 

7.1  Line downstream Ammonia Product Heater(11/21-E-512)  to  Urea Unit (10/20-S-04) - 10 mm 

 

In case of a 10 mm leakage from the 8” liquid ammonia piping, the initial ammonia flow-rate (2.9 
kg/s) will last until, upon toxic gas detection, the line is isolated by the operator through manual 
valves (assumed intervention time: 20 minutes), after which the line continues to be emptied at a 
lower release rate. 

The exposure time for risk calculation has been assumed 30 minutes. 

For the 10 mm release case, the liquid ammonia flashes to atmospheric conditions,and the flashed 
liquid will break up in small droplets entrained in the two-phase jet, dispersing as a heavy cloud. 

 

Input Data 
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Leak size : 10mm;   

Operating pressure: 25 bar; 

Operating temperature: 20 °C; 

Release height: 1m; 

Meteorological conditions :Pasquill F & 2m/s ; Pasquill D & 5 m/s. 

 

Results 

The following figures show the toxic cloud contours at three threshold concentrations: 150ppm 
(ERPG-2); 300ppm (IDLH); 750ppm (ERPG-3), for both meteorological conditions considered. Both   
side view and footprint view are shown in the figures. 

The concentration contours refer to the steady state of the plume. Distances are summarized in the 
table below. 

Meteorological 
conditions 

Distances to threshold concentrations (m) 
ERPG-3 IDLH ERPG-2 

2/F 480 1090 1950 
5/D 240 395 580 
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7.2 Line downstream Ammonia Product Heater(11/21-E-512)  to  Urea Unit (10/20-S-04) - 50 mm 

 

In case of a 50 mm leakage from the 8” liquid ammonia piping, the initial ammonia flow-rate is 73.4 
kg/s, greater than the operating inlet flow rate to the Let Down Vessel V-502 (25.5 kg/s). In this case 
the vessel is emptied in about 8 minutes. 

For the 50 mm release case, the liquid ammonia flashed to atmosphere, partly rains out to ground 
forming  a liquid pool. The ammonia vapour cloud developing in air is the result of two contributes: 
two-phase jet and evaporating pool. Once the leak is over, the pool could still be evaporating, then 
the contribution to the vapour cloud from the liquid pool could last for a period longer than the 
release duration (8 minutes). 

 

Input Data 

Leak size : 50mm;  

Operating pressure : 25 barg; 

Operating temperature : 20 °C; 

Release height : 1m; 

Meteorological conditions :Pasquill F & 2m/s ; Pasquill D & 5 m/s. 

 

Results 

The following figures show the toxic cloud contours at three threshold concentrations: 150ppm 
(ERPG-2); 300ppm (IDLH); 750ppm (ERPG-3), for both meteorological conditions considered. Both   
side view and footprint view are shown in the figures. 
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Due to the short duration of the release, and the formation of an evaporating pool, the dispersion 
contours do not reach a steady state, so the graph refer to representative instant time, generally 
selected in correspondence of the maximum overall extension of the cloud. Maximum distances 
reached by the unsteady dispersion are summarized in the table below. 

Meteorological 
conditions 

Distances to threshold concentrations (m) 
ERPG-3 IDLH ERPG-2 

2/F 2090 2650 4150 
5/D 1130 1960 3100 
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7.3 Line downstream Ammonia Process Transfer Pump 30-P-01 to  Urea Unit (10/20) - 10 mm 

 

In case of a 10 mm leakage from the 8” liquid ammonia piping, the initial ammonia flow-rate (3.2 
kg/s) will last until, upon toxic gas detection or low flow / low pressure indications on the line , the 
pump is stopped by means of remote shutdown button, and the line isolated by the operator through 
the closure of manual valves (assumed intervention time: 20 minutes), after which the line continues 
to be emptied at a lower release rate. 

The exposure time for risk calculation has been assumed 30 minutes. 

For the 10 mm release case, the liquid ammonia flashes to atmospheric conditions,and the flashed 
liquid will break up in small droplets entrained in the two-phase jet, dispersing as a heavy cloud. 

 

Input data 

Leak size : 10 mm;  

Operating pressure : 26.9 bar; 

Operating temperature : -33 °C; 

Release height : 1m; 

Meteorological conditions :Pasquill F & 2m/s ; Pasquill D & 5 m/s. 
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Results 

The following figures show the toxic cloud contours at three threshold concentrations: 150ppm 
(ERPG-2); 300ppm (IDLH); 750ppm (ERPG-3), for both meteorological conditions considered. Both   
side view and footprint view are shown in the figures. 

The concentration contours refer to the steady state of the plume. Distances are summarized in the 
table below. 

Meteorological 
conditions 

Distances to threshold concentrations (m) 
ERPG-3 IDLH ERPG-2 

2/F 450 1080 1940 
5/D 230 390 585 
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7.4 Line downstream Ammonia Process Transfer Pump 30-P-01 to  Urea Unit (10/20) - 50 mm 

 

In case of a 50 mm leakage from the 8” liquid ammonia piping, the initial ammonia flow-rate (80 
kg/s) is greater than the pump flow rate (25 kg/s), and cannot be sustained.  For the analysis, the 
discharge rate has been limited to 120% of the pump flow rate (30 kg/s), allowing for the shift of the 
pump working point.  

The release has been assumed to last until, upon toxic gas detection or low flow / low pressure 
indications on the line, the pump is stopped by means of remote shutdown button, and the line 
isolated by the operator through the closure of manual valves (assumed intervention time: 20 
minutes), after which the line continues to be emptied at a lower release rate. 

The liquid ammonia flashed to atmosphere, partly rains out to ground forming  a liquid pool. The 
ammonia vapour cloud developing in air is the result of two contributes: two-phase jet and 
evaporating pool. Once the leak is over, the pool could still be evaporating, then the contribution to 
the vapour cloud from the liquid pool could last for a period longer than the release duration (20 
minutes). 

 

Input data 

Leak size : 50 mm;  

Operating pressure : 26.9 bar; 

Operating temperature : -33 °C; 

Release height : 1m; 

Meteorological conditions :Pasquill F & 2m/s ; Pasquill D & 5 m/s. 
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Results 

The following figures show the toxic cloud contours at three threshold concentrations: 150ppm 
(ERPG-2); 300ppm (IDLH); 750ppm (ERPG-3), for both meteorological conditions considered. Both   
side view and footprint view are shown in the figures. 

Due to the short duration of the release, and the formation of an evaporating pool, the dispersion 
contours do not reach a steady state, so the graph refer to representative instant time, generally 
selected in correspondence of the maximum overall extension of the cloud. Maximum distances 
reached by the unsteady dispersion are summarized in the table below. 

Meteorological 
conditions 

Distances to threshold concentrations (m) 
ERPG-3 IDLH ERPG-2 

2/F 1250 3010 6600 
5/D 660 1.170 1.810 
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8 RISK RESULTS 

In order to assess the impact of the evaluated ammonia release scenarios on the off-site area, the 
Local Specific Individual Risk (LSIR) have been estimated 

Individual Risk is defined as the frequency with which, at a given location, conditions for lethality 
may exist, considering all the accident scenarios evaluated. In particular, LSIR (Local Specific 
Individual Risk) is defined as the frequency with which a hypothetical individual, permanently 
present at a specific location with no possibility of protecting himself, is expected to sustain a given 
level of harm (in this case fatality) from the realization of all the specified hazards. By its definition, 
the LSIR may be viewed as a theoretical upper bound of the risk actually experienced by a specific 
individual. 

The LSIR takes into account: 

• the frequency of the release events; 

• the likelihood of specific conditions determining the final accidental outcomes (e.g. wind 
direction probabilities, etc.); 

• the vulnerability (i.e. the fatality probability related to physical effects such as heat radiation, 
overpressure or toxic concentration). 

The LSIR at a given location T is calculated as follows: 

     (1) 

Where: 

λ = release frequency (summation is over all releases); Pscen = probability of the scenarios, given the 
release (summation is over all scenarios for each release); Pwind = wind direction probability 
(summation is over all the wind conditions for each scenario and each release);  V(T) = vulnerability 
at point T. 
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The LSIR contours are reported, overlaid on the overall plot plan of the installation, in the following 
figure. 

 

 

 

 

 

For the evaluated ammonia release scenarios a 10-4 LSIR level may be expected on the internal 
fence. Off-site (off- “entire site boundary”) the expected LSIR level is lower than 10-6 
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9 ACCEPTANCE CRITERIA OF RISK 

Acceptance Criteria of Risk for Dangote Fertilizer Project are taken from the following 
authoritative international guidelines: 
 

• Center for Chemical Process Safety (CCPS), “Guidelines for Developing Quantitative 
Safety Risk Criteria”, American Institute of Chemical Engineers (AIChE), 2009. 

 
Sect. 3.4.2 of the above mentioned guidelines give Acceptance Criteria for the Individual 
Risk induced by existing or new establishments: these acceptance criteria are given in the 
below  table. 

 

  
Individual 
Risk Limit  

Public 
[fatality/year]  

Workers 
[fatality/year]  

Establishment  

Maximum 
Tolerable 

Risk 

10-4 10-3 Existing 
Establishment 

 10-6 10-3 New 
Estrablishment 

Negligible 
Risk 

10-6 10-6 All 
Establishment 
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10 CONCLUSIONS 

Results of this Quantitative Risk Analysis (QRA) Report in terms of Individual Risk contours 
map relevant to the selected worst case scenarios for Dangote Fertilizer Poject  are 
evaluated in this section based on  the “acceptance criteria of risk”. 
 
Individual Risk contours map relevant to Dangote Fertilizer Project shows that Individual 
Risk to the Public is lower than 10-6. 
 
According to the acceptance criteria of risk, Individual Risk to the Public is lower both than 
the maximum tolerable risk (10-4 in United Kingdom and 10-6 in the Netherlands, for new 
installations) or than the negligible risk (10-6 in UK) and, therefore, can be considered 
‘acceptable’. 
 
Moreover, Individual Risk contours map relevant to Dangote Fertilizer Project shows LSIR 
inside the Plant lower than 10-3. 
 
The Individual Risk to worker is lower than the maximum tolerable risk (10-3 in United 
Kingdom) but higher than the negligible risk (10-6 in United Kingand) and, therefore, can be 
considered “Tolerable” taking into account that a generic worker is exposed for not more 
than 8 hrs/day.  
 
Mitigation measures should be aimed at avoiding degradation through inspection and 
maintenance and providing the field personnel with relevant personal protective equipment 
(e.g. escape masks). 
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APPENDIX 1 – MSDS AMMONIA 
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