
 
 

Date: 30.07.2019 
 
To, 
The Director- IA Division (Industry: II), 
Ministry of Environment, Forest and Climate Change 
Indira Paryavaran Bhavan, Aliganj, 
Jor Bag Road 
New Delhi-110003 

 

Subject: Submission of details sought as per Minutes of Meeting dated 6-8 May, 2019 for Environmental 

Clearance of the Manufacture of Pesticides (Aluminum Phosphide, Zinc Phosphide, and Magnesium 

Phosphide Technical & Its Formulation) located at Plot No. 4924, Notified Industrial Area, GIDC Sarigam, 

District - Valsad, Gujarat by Integrated Chemisol Pvt. Ltd. 

 
Ref: 1. Proposal Number. IA/GJ/IND2/91857/2018 
        2. Detail Sought vide Minutes of Meeting dated 6-8 May, 2019. 
 

Dear Sir, 

With reference to aforesaid subject and above cited proposal number of the Project EIA/EMP of 
Integrated Chemisol Pvt. Ltd. was considered in 7th EAC (Industry-2) meeting held on 8th May, 2019 vide 
agenda number 7.3.22 and as per Minutes of Meeting (Copy of the same is enclosed as Annexure I) 
following details are submitted for compliance:  
 

Details Sought Compliance 

The Committee after deliberations and view of 
highly hazardous nature of the products insisted 
for process safety and risk assessment studies 
using advanced models, and mitigating measures 
to be suggested accordingly. The committee also 
desired for details regarding chemicals proposed 
as raw materials, risks involved, precautionary 
measures for occupational health, and the 
proposal for monitoring of Phosphine (PH3) 
emissions 

 Process safety and risk assessment studies using 
advanced model namely 3D-CFD Technology has 
been carried out along with mitigating measures 
by GEXCON. Details regarding chemicals 
proposed as raw materials, risks involved 
precautionary measures for occupational health, 
and the proposal for monitoring of Phosphine 
(PH3) emissions have been incorporated in the 
report. Consequences Analysis Studies Report is 
attached as Annexure II. 

 
We request you to consider our proposal and grant us environment Clearance for the same.  
 
Thanking You, 
Yours faithfully, 
For: Integrated Chemisol Pvt. Ltd. 
 
Encl: As Above 
  



 

 

 

Annexure I 

Minutes of Meeting dated 8th May, 2019. 
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Day Three: 8th May, 2019  
 
Agenda No.7.3.22  
 
Manufacturing of Pesticides (Aluminium Phosphide, Zinc Phosphide, Magnesium 
Phosphide Technical & Its Formulation) at Plot No. 4924, GIDC Industrial Area Sarigam, 
District Valsad (Gujarat) by M/s Integrated Chemisol Pvt Ltd- Environmental Clearance  
[IA/GJ/IND2/91857/2018, IA-J-11011/201/2018-IA-II(I)] 
 
The project proponent and their accredited consultant M/s Eco Chem Sales and Services made 
a detailed presentation on the salient features of the project. 
 
7.3.22.1 During deliberations, the EAC noted the following: 
 
The proposal is for environmental clearance to the project for setting up pesticides and 
pesticide specific intermediates manufacturing unit of capacity 500 TPM by M/s Integrated 
Chemisol Pvt Ltd in an area of 2351.25 sqm located at Plot No. 4924, GIDC Industrial 
AreaSarigam, District Valsad (Gujarat). 
 
Details of products are as under: 
 

S. No. Product Quantity 
1 Aluminium Phosphide / Zinc Phosphide / 

Magnesium Phosphide  
500 TPM 

 
The project/activities are covered under category A of item 5(b) ‘Pesticides industry and 
Pesticide specific intermediates’ of the Schedule to the Environment Impact Assessment 
Notification, 2006, and requires appraisal at central level by the sectoral EAC in the Ministry. 
 
ToR for the project was granted on 22nd July, 2018. Public hearing is exempted as the project 
site is located inside the notified industrial area. 
 
Land area available for the project is 2351.25 sqm. Industry will develop greenbelt in an area of 
801.25 sqm covering 34% of total project area. The estimated project cost is Rs. 6 crore. Total 
capital cost earmarked towards environmental pollution control measures is Rs.10 lakh and the 
recurring cost (operation and maintenance) will be about Rs.5 lakh per annum. Employment 
opportunity will be for 45 persons directly & 30 persons indirectly.  
 
There are no National Parks, Wildlife Sanctuaries, Biosphere Reserves, Tiger/Elephant 
Reserves and Wildlife Corridors etc within 10 km distance from the project site. Darotha river is 
flowing at a distance of 9.1 Km in NE direction. 
 
Total water requirement is estimated to be 9.3 cum/day, which includes fresh water requirement 
of 6.3 cum/day, proposed to be met from GIDC Sarigam water supply. 
 
Industrial effluent of 2.8 cum/day will be treated through ETP. Treated water will be utilized for 
scrubber. Domestic effluent 0.8 cum/day was now proposed to treat through STP in place of 
dispose through septic tank.  There will be no discharge of treated/untreated waste water from 
the unit, and thus ensuring Zero Liquid Discharge. 
 
Power requirement is estimated to be 125 kVA, proposed to be met from Dakshin Gujarat Vij 
Company Limited (DGVCL). DG set of 100 kVA shall be used as standby during power failure. 
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Stack (height 11 m) will be provided as per CPCB norms to the proposed DG set. Natural gas 
fired steam boiler of 0.2 TPH shall be installed with a stack of height of 11 m.  
 
Ambient air quality monitoring was carried out at 8 locations during October to December 2018 
and the baseline data indicates the ranges of concentrations as: PM10 (61.9-86.1μg/m3), PM2.5 
(32-47.1μg/m3), SO2 (9.4 -17.6 μg/m3) and NO2 (16.2- 23.0μg/m3). AAQ modeling study for 
point source emissions indicates that the maximum incremental GLCs after the proposed 
project would be 3.91 μg/m3, 0.0088 μg/m3, 0.0050 μg/m3 and 0.0046 μg/m3 with respect to 
NOx, P2O5, PM and SO2. The resultant concentrations are within the National Ambient Air 
Quality Standards (NAAQS). 
 
7.3.22.2 The EAC, after deliberations and in view of highly hazardous nature of the products, 
insisted for process safety and risk assessment studies using advanced models, and mitigating 
measures to be suggested accordingly. The Committee also desired for details regarding 
chemicals proposed as raw materials, risks involved, precautionary measures for occupational 
health, and the proposal for monitoring of Phosphine (PH3) emissions.   
 
The proposal was therefore deferred.  
 
Agenda No.7.3.23  
 
Floating Storage Unit (FSU)/Floating Storage and Regasification Unit (FSRU) based 
Liquefied Natural Gas (LNG) Terminal at Hooghly Estuary, West Bengal by M/s Bengal 
Concessions Private Limited - Environmental Clearance  
 
[IA/WB/IND2/69588/2017, IA-J-11011/472/2017-IA-II(I)] 

 
The project proponent and their accredited consultant M/s ERM India Pvt Ltd made a detailed 
presentation on the salient features of the project. 
 
7.3.23.1 During deliberations, the EAC noted the following: - 
 
The proposal is for environmental clearance to the project for setting up LNG storage and re-
gasification terminal of capacity 5 MMTPA by M/s Bengal Concessions Private Limited in an 
area of 48.5 acres on the banks of Hooghly Estuary at Kukrahati, District East Medinipur (West 
Bengal). 
 
The project/activity is covered under category A of item 6(a) ‘Oil & gas transportation pipe line 
(crude and refinery/ petrochemical products), passing through national parks /sanctuaries/coral 
reefs /ecologically sensitive areas including LNG Terminal’ of schedule to the Environment 
Impact Assessment (EIA) Notification, 2006, and requires appraisal at central by the sectoral 
EAC in the Ministry. 
 
The project earlier involved installation of floating storage unit/floating storage and re-
gasification unit (FSRU) of capacity 4 MMTPA based Liquefied Natural Gas in an area of 37 
acres, and accordingly standard ToR was granted on 16th November, 2017. The scope of the 
project was later changed to LNG storage and re-gasification terminal of capacity 5 MMTPA 
with 600 m long jetty in an area of 48.5 ha. The same was discussed during the EAC meeting 
held on 24-26 September 2018, wherein the Committee confirmed that the ToR dated 16th 
November, 2017 shall remain applicable to the modified project description. Public hearing was 
conducted by the SPCB on 15th February 2019. The main issues raised during the public 
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Disclaimer 

Gexcon India Pvt. Ltd. shall not be liable for any damages which the assignor, or assignor’s clients, 
vendors, consultants or other third party, may incur as a result of applying or using the results of 
Gexcon’s work, unless there is misconduct or gross negligence on the part of Gexcon or on the part of 
the persons used by Gexcon to carry out the work. 
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Executive Summary 

Gexcon India Pvt. Ltd. were requested to perform a consequences analysis studies using 3D CFD 

technology for proposed plant facility of Integrated Chemisol Pvt. Ltd. (ICPL), Sarigram, Valsad district, 

Gujarat. 

 

Following Two scenarios had been identified to carry out CFD Analysis: 

1. Accidental loss of containment for Phosphine from Aluminium Phosphide Reaction Pot 

Assembly. 

2. Accidental loss of containment for Phosphoric Acid from Phosphoric Acid tank. 

 

Terrain Modeling has been included in this study. It is important to account for the topography in the 

FLACS modelling for scenarios, where the terrain may significantly influence the flow. The results were 

obtained and represented in form of 2D and 3D plots. (section-3). The 3D consequence analysis study 

was concluded as given below. 

 

The Phosphine gas, after the leak from the reaction pot assembly, dispersed with the wind and cloud 

travelled up to 138 meters length with subsequent dilution in concentration. Thus, the toxic fumes 

travelled, crossed the plant boundary. The Phosphine gas behaves as “Neutrally buoyant gas” so 

IDLH concentration gas cloud reaches up-to maximum height of 11 meters. The maximum 

concentration of Phosphine gas that can be retained within the facility is more than 1000 ppm, closer to 

the ground. 

 

On the contrary, the Phosphoric Acid (toxic) vapour cloud will remain contained in the plant boundary. 

The evaporation rate of spilled Phosphoric acid is found to be very less due to which Phosphoric 

acid vapour cloud stabilized very quickly in 55 seconds after the leak. The Phosphoric Acid vapour 

cloud travelled up-to 17 meters length from leak source. As Phosphoric acid vapours are heavier 

than air, the maximum height of IDLH concentration gas cloud reaches up-to 2.5 meters only. 

 

Since the clouds of Phosphine and Phosphoric Acid are toxic to the health and wind direction is North-

East to South-West, there is a possibility that employees and contract workers near Oxidation 

chamber, Scrubber, Gate, Plant area, Lab, Passage, Office, R.M. & F.G. Storage Area, Green area 

in the downwind can be exposed to toxic gases. 

 

The following safety measures are suggested for the Phosphine and Phosphoric Acid scenarios. The 

consequences can be minimized having these mitigation measures.  

Phosphine:  

• As Phosphine is highly toxic to the human being, it is advisable to have an effective gas 

detection system Typical detector types suitable for Phosphine are: 

• Photo-absorption;  
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• Photo-ionization 

• Thermal conductivity 

• Phosphine is flammable and explosive in air and can auto ignite at ambient temperatures. 

Flame detectors suitable for Phosphine service shall be located to detect fire in potential 

Phosphine leak areas. Whenever flame detection occurs, immediate shutdown of the process 

is required. Automatic valves controlled with nitrogen instead of air can achieve it in the best 

way. An alarm should be transmitted so authorized personnel/parties can act on the condition. 

The use of ultraviolet/infrared (UV/IR) flame detectors is suitable for phosphine service. 

Temperature Rate of Rise (ROR) indicators can also be suitable for indoor use.[5] 

• In case of emergency, Personnel shall wear protective clothing and self-contained breathing 

apparatus (SCBA) when fighting Phosphine fires. Only trained personnel should respond to 

Phosphine fires. 

•  Try to stop Phosphine release. Reduce vapour with fog or fine water spray. 

Phosphoric Acid: 

• As an immediate precautionary measure, isolate spill or leak area in all directions for at least 50 

meters (150 feet) for liquids and at least 25 meters (75 feet) for solids. [ERG Guide 154, 

Substances - Toxic and/or Corrosive (Non-Combustible)]. 

 

  

https://cameochemicals.noaa.gov/erg_guides/en/Guide_154.pdf
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1 Background 

1.1 Company Profile 

M/s. Integrated Chemisol Pvt. Ltd., established in 2018, is managed by the promoters and whole time 

Managing Director Mr. Bhargav Desai. He has more than a decade of experience of the pesticides 

manufacturing industry with a strong track record for executing business turnarounds and 

manufacturing. 

1.2 Location and Surrounding  

Integrated Chemisol Pvt. Ltd. proposed to establish Greenfield Technical grade pesticides 

manufacturing plant at Plot No. 4924, Notified Industrial Area, GIDC Sarigam, District - Valsad, Gujarat. 

The plan layout is as shown below 

 

 

Figure 1-1 Plant facility showing all the storages, manufacturing plant area and the buildings. 

N 
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Abbreviations 

ASTER Advanced Space Thermal Emission and Reflection Radiometer  

CFD Computational Fluid Dynamics 

CASD Computer Aided Scenario Design  

EIA Environment Impact Assessment 

FLACS Flame Acceleration Simulator 

GDEM Global Digital Elevation Maps 

ICPL Integrated Chemisol Pvt. Ltd.  

IDLH Immediate Dangerous to Life and Health  

KL Kilo Litre 

NIOSH National Institute of Occupational Safety and Health 

PPM Parts Per Million 

RA Risk Assessment 

SRTM Shuttle Radar Topography Mission 

1.3 Project Scope and Overview 

Gexcon India Private Limited were requested to perform a 3D Consequence Analysis to assess the 

impact on the proposed plant of Integrated Chemisol Pvt. Ltd., Sarigram, Valsad. 

 

Modeling was conducted using the software tool FLACS, developed by Gexcon. Considering the IDLH 

(Immediately Dangerous to Life and Health) values for toxicity, inventory, molecular weight of the gas 

and their leak locations are the main parameters to select the accident scenarios. The predominant 

focus was on toxic releases of Phosphine and Phosphoric Acid. 

 

Based on the issued Assumption Register from Gexcon and input data provided by the Client, following 

toxic gas release scenarios are decided to be modelled using 3D CFD technology for detailed dispersion 

analysis. 

 

3. Accidental loss of containment for Phosphine from Aluminium Phosphide Reaction Pot 

Assembly. 

4. Accidental loss of containment for Phosphoric Acid from Phosphoric Acid tank. 

 

To conduct consequence analysis studies using computational fluid dynamics (CFD), it is required to 

represent the relevant sections of the plant facilities in 3-dimensional format. 

 

The Gexcon team was provided with the required plot plan, building dimensions and the other relevant 

technical details as an input from client via email dated 13thJune 2019 to prepare 3-dimensional 

geometry. 



 
Consequence Analysis Studies – Using 3D 
Computational Fluid Dynamics (CFD) Technology 
for Proposed Plant of Integrated Chemisol Pvt. Ltd. 
at GIDC Sarigam, Valsad, Gujarat  

 

Ref. No.: Gexcon-19-F00030-RA-01 
Rev.: 00Date: 25.07.2019 
Page 10 of 50  

 

© Gexcon India Pvt. Ltd. The information contained herein is to be used by the recipient solely for the purpose for which it was 
supplied. It shall not be disclosed in whole or in part, by any other party without the written permission of Gexcon India Pvt. Ltd. 

2 FLACS Simulations 

This chapter describes the terrain modelling, geometry model and the scenario investigated in the 

FLACS simulation. 

 

All simulation results presented in this report are obtained with the CFD code FLACS version 10.9 r1. 

2.1 Terrain Modeling 

It is important to account for the topography in the FLACS modelling for scenarios, where the terrain 

may significantly influence the flow. FLACS can import digital elevation maps (DEM), which can be used 

for modelling the effects of terrain on the simulations, and for visualising elevations both within and 

outside the simulation domain. The US Geological survey (USGS) hosts the Earth Explorer website, 

which is straightforward to use and supports interactive searching and downloading of a wide range of 

publicly available DEM data, including shuttle radar topography mission (SRTM) and advanced space 

thermal emission and reflection radiometer (ASTER) global digital elevation maps (GDEM). 

 

The terrain around ICPL facility is shown in Figure 2-1 and Figure 2-2. 

 

 

Figure 2-1: Top view of overall Terrain model 
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Figure 2-2: Isometric view of Terrain model including the ICPL geometry 

2.2 Geometry and grid 

Proposed plot plan for the facility shown in Figure 1-1 was selected and included in the CFD simulations. 

The 3D model has been developed from the plot plan, where the dimensions of the layout, tank farms 

and buildings were obtained. The elevation details, dike dimensions and tank heights were additionally 

provided by the client (via email dated 13thJune2019). CASD is an acronym for Computer Aided 

Scenario Design. The pre-processor CASD for the CFD simulator FLACS is used to prepare the input 

data, or job data, that defines a FLACS simulation. This comprises the geometry model, computational 

grid, porosities, and scenario description. [1] The implemented geometry was based on drawings and 

other details provided by ICPL.  

 

• Figure 2-3 shows selected domain extents and buildings to be represented in the CFD model. 

• Figure 2-4 shows geometry view from North side. 

• Figure 2-5 shows geometry view from Southside. 

• Figure 2-6 shows geometry view from East side. 

• Figure 2-7 shows geometry view from West side. 
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• Figure 2-8 and Figure 2-9 shows the grid used in the entire domain used to capture wind and 

the dispersion coverage in the domain of interest. 

 

Figure 2-3:Selected domain extents and buildings represented in the CFD model. 

 

 

Figure 2-4: Geometry view from North side 

 

N 

N 
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Figure 2-5: Geometry view from South side 

 
 

Figure 2-6 : Geometry view from East side 
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Figure 2-7 : Geometry view from West side 

 

 

Figure 2-8: Numerical grid used in the entire domain to capture the wind flow around the buildings and the 
gas dispersion from leak in the domain of interest- Top View 

N 
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Figure 2-9 Numerical grid used in the entire domain to capture the wind flow around the buildings and the 
gas dispersion from leak in the domain of interest- Isometric view of full geometry 

 
A representative grid for all the leak scenarios is shown in Figure 2-8 and Figure 2-9 to capture the toxic 

releases of Phosphine and Phosphoric Acid. 

 

The 2 m grid cells were used within the plant facility.The grid is stretched by factor of 1.2 for overall 

domain outside the plant facility.The grid was refined by incorporating cell at each 0.25 meter from 0 to 

2 meters distance in Z direction. This refinement for cells which are very close to ground provides an 

efficient grid size for leaks. The overall computational domain dimensions are 900  x 980  x 100 (L x B 

x H) meters. 
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2.3 Wind Rose 

 
 

 

Figure 2-10: Wind Rose for Sarigram location [2] 

 

As shown in Figure 2-10, the wind rose is obtained for Sarigram, Valsad district location. The annual 

probable wind Speed is 2.0 m/s and wind direction at project site is from North-East to South-West 

direction. For all the dispersion scenarios defined in section 2.3, North-East to South-West direction is 

taken as probable wind direction. 
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2.4 Simulation scenarios 

Two scenarios are considered for consequence analysis using CFD simulations. 

 
1) Leakage of Phosphine gas from Ammonium Phosphide reaction pot assembly has been 

considered for 3D CFD modelling to predict the toxic dispersion of Phosphine within and around 

the plant boundary. 

 

2) Leakage of Phosphoric Acid (85%) vapours from Phosphoric Acid tank has been considered for 

3D CFD modelling to predict the toxic dispersion of Phosphoric Acid. 

2.5 Case 1:Phosphine Dispersion Scenario 

For Phosphine dispersion scenario, following input data were considered 
 

Table 2-1:Modeling of Phosphine leak in FLACS 

Quantity 
[Kg] 

Leak Size 
[mm] 

Mass flow rate 
[kg/s] 

Wind Direction 
Wind Speed 

[m/s] 

586 25 0.046 NE to SW 2.0 

 
 
 

 

Figure 2-11: Leak location for Phosphine dispersion at Aluminium Phosphide reactor pot assembly 
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2.6 Case 2: Phosphoric Acid Dispersion Scenario 

For Phosphoric acid dispersion scenario, following input data were considered 
 

Table 2-2: Modeling of Phosphoric Acid leak in FLACS 

Quantity/Volume 
[KL] 

Bund 
dimension  
(L x W x H) 

m 

Evaporation rate 
[kg/s] 

Wind Direction 
Wind Speed 

[m/s] 

10 3.25 x 3.25x1 0.0106  NE to SW 2.0 

 
 

 

Figure 2-12: Leak location for Phosphoric acid at Phosphoric Acid tank. 

 
A summary of all the scenarios simulated using FLACS is provided in Table 2-3 and Table 2-4. 
 

Table 2-3: Summary of Phosphine Dispersion scenario simulated using FLACS. 

Case No. Case Type Wind Direction 
Wind Speed 

[m/s] 
Pasquill Class 

1 Phosphine Dispersion NE to SW 2.0 F 

 

Table 2-4: Summary of Phosphoric Acid Dispersion scenario simulated using FLACS 

Case No. Case Type Wind Direction 
Wind Speed 

[m/s] 
Pasquill Class 

2 Phosphoric Acid Dispersion NE to SW 2.0 F 
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3 Results 

This section represents an overview of the results for the simulation scenarios mentioned in section 2.4. 

 

Plot description 

Simulated data are collected and presented in two types of plots, 2D cut plane plots and 3D volume 

plots. 2D cut plane plots show the variable value for every grid cell (in the selected 2D plane) at selected 

times and 3D volume plots show the boundaries of the concentration for the specified value. 

 

2D cut plane plots have been used to illustrate the toxic and flammable gas concentration at various 

time instances on vertical and horizontal planes. 

 

3D volume plots have been used to show the propagation of the concentrated cloud with wind at various 

time instances. 

3.1 Results from Phosphine Dispersion Simulation 

The accidental leak scenario described in the section 2.4 was simulated. Simulations were performed 

to capture the dispersion of the Phosphine gas, its mixing with air, dilution process and cloud movement 

based on prevailing wind condition. 

 

The resulting cloud was simulated for 800 seconds after the leak. The leak started at 50 seconds of 

simulation time. The Phosphine gas exits the plant facility at 115 seconds after the leak as shown in 

Figure 3-1. The Phosphine gas cloud is stabilised at 530 seconds. Figure 3-2 indicates that the toxic 

Phosphine gas with IDLH gas concentration has covered a maximum distance of 138 meters in 530 

seconds towards South-West direction. 

 

The term immediately dangerous to life or health (IDLH) is defined by the US National Institute for 

Occupational Safety and Health (NIOSH) as exposure to airborne contaminants that is "likely to cause 

death or immediate or delayed permanent adverse health effects or prevent escape from such an 

environment. Based on NIOSH reference, this value was taken as 50 ppm.[3] 
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Figure 3-1: Phosphine cloud for IDLH 50 ppm at 165 seconds  for wind direction from North-East to South-
West, wind speed 2.0 m/s . 

 
 

Figure 3-2: Phosphine cloud for IDLH 50 ppm at 530 seconds for wind direction from North-East to South-
West, wind speed 2.0 m/s. 
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3.1.1 2D Cut Plane of a Steady Phosphine Gas Cloud 

 
In figures, the 2D cut planes for Phosphine dispersion scenario are plotted on XY plane &YZ plane. The 

Figure 3-3 and Figure 3-4 show the Phosphine gas cloud of 50-1000 ppm, for a given wind direction and 

wind speed. The Phosphine gas cloud is stabilised at 530 seconds and the stabilised Phosphine gas 

cloud length is up-to 138 meters as shown in Figure 3-3.The maximum height is 11 meters with 

concentration equal to IDLH value of Phosphine as shown in Figure 3-4.  

 

 

Figure 3-3: Phosphine stabilized cloud at 530 seconds at wind speed 2.0 m/s shown in XY plane at Z= 4.67 
meters. 
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R.M. & F.G. 
Storage 
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Figure 3-4: Phosphine cloud at 530 seconds at wind speed 2.0 m/s shown in YZ plane at X= 15 meters. 

3.2 Results from Phosphoric Acid Dispersion Simulation 

The leak scenario described in the section 2.4 was simulated. Simulations were performed to capture 

the dispersion of the Phosphoric Acid vapours, its mixing with air, dilution process and cloud movement 

based on the prevailing wind condition.  

 

The resulting cloud was simulated for 300 seconds after the leak. The leak started at 50 seconds of 

simulation time. The IDLH concentration Phosphoric Acid vapour cloud is stabilised at 105 seconds 

and the stabilised Phosphoric Acid vapour cloud length is up-to 17 meters towards South-West. The 

toxic vapour cloud stays within the plant boundary and spread towards the Green area in South-West 

direction.  

 

The term immediately dangerous to life or health (IDLH) is defined by the US National Institute for 

Occupational Safety and Health (NIOSH) as exposure to airborne contaminants that is "likely to cause 

death or immediate or delayed permanent adverse health effects or prevent escape from such an 

environment. Based on NIOSH reference, this value was taken as 250 ppm.[4] 

 

Lab Passage Office 
Trees 
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Figure 3-5: Phosphoric Acid  cloud at 105 seconds for wind direction North-East to South-West, wind speed 
2.0 m/s 

 

3.2.1 2D Cut Plane of a Phosphoric Acid Vapour Cloud 

 
In figures, the 2D cut planes for Phosphoric Acid dispersion scenario are plotted on XY plane & YZ 

plane. The Figure 3-6 and Figure 3-7show the Phosphine gas cloud of 250-1000 ppm, for a given wind 

direction and wind speed. The Phosphoric Acid vapour cloud is stabilised at 105 seconds and the 

stabilised Phosphine gas cloud length is up-to 17 meters as shown in Figure 3-6.The maximum height 

of IDLH concentration Phosphoric Acid vapour cloud is 2.5 meters, as shown in Figure 3-7. 
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Figure 3-6: Phosphoric Acid cloud at 105 seconds for wind direction North-East to South-West, wind 
speed 2.0 m/s shown in XY plane at Z= 0.63 meter. 

 
 

 
 

Figure 3-7: Phosphoric Acid cloud at 105 seconds for wind direction North-East to South-West, wind 
speed 2.0 m/s shown in YZ plane at X= 33.25 meters. 
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3.3 Velocity Vector Plot for Toxic Dispersions 

 

Figure 3-8: Velocity vector plot for toxic  dispersions at 65 seconds at wind speed 2.0 m/s. 

 

At wind speeds 2.0 m/s (light wind),the mixing of air - gas mixture is largely dominated by the diffusion 

process and hence a large gas clouds were formed. In addition, the wake flow behind the Packing area, 

Oxidation chamber, Scrubber and at the corner of Lab obstructing the wind flow that further slows 

down the speed and results in less dillution of the toxic gas cloud as shown by dotted circle in Figure 

3-8. At higher wind speed (strong winds), the concentrated gas clouds will be relatively smaller due to 

dilution by the wind. 
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3.4 Analysis and discussion 

 
Case-1: Dispersion of Phosphine: 

 

Consequences of failure of Ammonium Phosphide reaction pot assembly releasing Phosphine at ICPL, 

Sarigram plant was studied using 3D CFD software FLACS. This accident scenario was studied with 

probable wind direction i.e. wind transmitted towards plant from North-East to South-West wind direction 

and 2.0 m/s wind speed. The dispersion of Phosphine cloud was simulated up-to 800 seconds and 

maximum distance travelled by Phosphine cloud is 138 meters in 530 seconds The result of this 

simulation is presented in this chapter earlier. 

 

Based on the results that are obtained and presented above, the Phosphine cloud with concentrations 

above the IDLH concentrations spread to Oxidation chamber, Scrubber, Gate, Plant area, Lab, 

Passage, Office and R.M. & F.G. Storage Area in the downwind, depending on the wind direction and 

the wind velocity. The harmful concentrations are present at ground level and up to the height of the 

buildings in the plant. Thus, any personnel present in these regions can be exposed to dangerous levels 

of Phosphine cloud. A mitigation strategy is needed to ensure safety of personnel in such an accident 

event. 

 

Case-2: Dispersion of Phosphoric Acid: 

 

Consequences of loss of containment of Phosphoric Acid from Phosphoric Acid tank at ICPL, Sarigram 

plant was studied using 3D CFD software FLACS. This accident scenario was studied with worst wind 

direction i.e. wind flowing towards plant from North-East to South-Westwind direction and 2.0 m/s wind 

speed. The dispersion of Phosphoric Acid vapour cloud was simulated up-to 300 seconds and maximum 

distance travelled by Phosphine cloud is 17 meters in 105 seconds The result of this simulation is 

presented in this chapter earlier. 

 

Based on the results that are obtained and presented above, the Phosphoric Acid cloud with 

concentrations above the IDLH concentrations spread to Green area, depending on the wind direction 

and the wind velocity. A mitigation strategy is needed to ensure safety of personnel in such an accident 

event. 
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4 Conclusion 

This project report describes CFD simulations carried out as a part of consequence analysis study for 

loss of containment of Phosphine and Phosphoric Acid at Integrated Chemisol Pvt. Ltd., Sarigram, 

Valsad district, Gujarat, India.  

 

Based on the 3D CFD consequences analysis, the Phosphine gas, after the leak from the reaction pot 

assembly, dispersed with the wind and cloud travelled up to 138 meters length with subsequent dilution 

in concentration. Thus, the toxic fumes travelled, crossed the plant boundary. The Phosphine gas 

behaves as “Neutrally buoyant gas” so IDLH concentration gas cloud reaches up-to maximum height 

of 11 meters. The maximum concentration of Phosphine gas that can be retained within the facility is 

more than 1000 ppm, closer to the ground. 

 

Based on the 3D CFD consequences analysis, the Phosphoric Acid (toxic) vapour cloud will remain 

within the plant boundary. The evaporation rate of spilled Phosphoric acid is found to be very less 

due to which Phosphoric acid vapour cloud stabilized very quickly in 55 seconds after the leak. 

The Phosphoric Acid vapour cloud travelled up-to 17 meters from leak source. As Phosphoric acid 

vapours are heavier than air, the maximum height of IDLH concentration gas cloud reaches up-to 2.5 

meters only. 

 

Since the clouds of Phosphine and Phosphoric Acid are toxic to the health and wind direction is North-

East to South-West, there is a possibility that employees and contract workers near Oxidation 

chamber, Scrubber, Gate, Plant area, Lab, Passage, Office, R.M. & F.G. Storage Area, Green area 

in the downwind can be exposed to toxic gases. 

 

Following are the safety measures for the Phosphine and Phosphoric Acid. The consequences can be 

minimized having these mitigation measures.  

 

A. PHOSPHINE  

HEALTH HAZARDS 

• Phosphine is highly toxic to the human respiratory system and organs. Phosphine has an odour 

of decaying fish or welding grade acetylene. The odour of phosphine depends on the impurities 

it contains and the environment into which it is released. 

• Phosphine can be corrosive to the respiratory tract and primarily attacks the cardiovascular and 

respiratory systems causing Central Nervous System (CNS) depression, peripheral vascular 

collapse, cardiac arrest and failure, and pulmonary oedema. 
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 Preventive Safeguards (controls) Mitigative safeguards (controls) 

1 • Use only non-sparking tools • Advised a gas detection system. Typical 

detectors are: 

• Photo- absorption 

• Photo- ionisation 

• Thermal conductivity 

2 • Check (periodically - 

scheduled) the entire gas 

system for if any possible 

leakage.  

• Locate flame detectors to detect fires in 

potential Phosphine leak areas.  

• Ultraviolet /infrared (UV/IR) flame 

detectors is suitable for phosphine service. 

• Temperature Rate of Rise (ROR) 

indicators can also be suitable for indoor 

use. [5] 

3 • Recommend installation of a 

cross purge assembly between 

the container and the regulator. 

• Prepare an emergency Shutdown 

procedure to stop the process immediately 

in case of fire. 

4 • Purge gas system with inert gas 

(eg. Helium or Nitrogen) before 

Phosphine gas is introduced 

and whenever the system is out 

of service. 

• Provide Nitrogen to operate automatic 

control valves instead of instrument air.  

5 • Avoid suck back of water, Acid 

or Alkali. 

• Provide an automatic alarm system to 

make plant personnel and visitors to act 

upon. 

6 • Train the personnel for wearing protective 

clothing and use of self-contained 

breathing apparatus (SCBA) while fighting 

Phosphine emergencies. 

7 • Act to stop Phosphine release. Reduce 

vapour in atmosphere by fine water spray, 

if a Phosphine is already leaked.  
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B. PHOSPHORIC ACID 

 

HEALTH HAZARDS 

• Phosphoric Acid is a corrosive chemical and contact can irritate and burn the eyes. 

• Long-term exposure to the liquid may cause drying and cracking of the skin. 

• Breathing Phosphoric Acid can irritate the nose, throat and lungs causing coughing and 

wheezing. 

 Preventive Safeguards (controls) Mitigative safeguards (controls) 

1 • For solid Phosphoric Acid, use 

a vacuum to reduce dust during 

clean-up. Do not try dry sweep.  

 

• As an immediate precautionary measure, 

isolate spill or leak area in all directions for 

at least 50 meters (150 feet) for liquids and 

at least 25 meters (75 feet) for solids. 

[ERG Guide 154, Substances - Toxic 

and/or Corrosive (Non-Combustible)] 

 

2 • Although phosphoric acid is not 

combustible, it can react with 

metals to liberate hydrogen, a 

flammable gas, so store it away 

from incompatible materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://cameochemicals.noaa.gov/erg_guides/en/Guide_154.pdf
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A 1 Appendix A: Material Safety Data for the Chemicals Studied 

Material Safety Data Sheets for the Chemicals studied are attached herewith. 
 
 

Phosphine 

MSDS.pdf

Phosphoric Acid 

MSDS.pdf
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