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! Risk Level

2 Risk Control

3 Residual Risk

4 Risk Monitoring

5 Risk Review

® Hazard Identification (HAZID)

7 Primarily Hazard Analysis (PHA)
8 Fault Tree Analysis (FTA)

° Event Tree Analysis (ETA)
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! Layer of Protection Analysis (LOPA)

2 Brain Storming

3 Job Safety Analysis Technique (JSA)

4 Hazard & Operability Study Technique (HAZOP)
5 Human Reliability Analysis Technique (HRA)

¢ Failure Mode & Effect Analysis (FMEA)

7 Material Safety Data Sheet (MSDS)

8 Permit To Work System (PTWS)
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! Procedure

2 Hazardous Material

3 Department Of Transportation (DOT)
4 Environment Protection Agency (EPA)
> Emergency Response Plan (ERP)

¢ Independent Protection Layers (IPL)

7 Safety Instrument System (SIS)

8 Safety Instrument Function (SIF)

? Safety Integrity Level (SIL Study)
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Toxic Outdoor Lethality Footprint

Catastrophic Rupture

= Spring 3.5C0 @ 0.01 fraction (975,586 m2)
= Spring 3.5C0 @ 0.99 fraction (4.92385 m2)
= Summer 2.5F @ (.5 fraction (1730.86 m2)
— Autumn 4.5B @ 0.1 fraction (142.583 m2)
Winter 5A/B @ 0.01 fraction (238.959 m2)

= Spring 3.5C0 @ 0.1 fraction (436.944 m2)
= Summer 2.5F @ 0.01 fraction (12147.3 m2)
= Summer 2.5F @ 0.99 fraction (232,502 m2)
— Autumn 4,58 @ 0.5 fraction (41.216 m2)
Winter 5A/B @ 0.1 fraction (95.2528 m2)

= Spring 3.5C0 @ 0.5 fraction (148.594 m2)
= Summer 2.5F @ 0.1 fraction (5055.74 m2)
— Autumn 4,58 @ 0.01 fraction (348,632 m2)
= Autumn 4.5B @ (.99 fraction (0.0919709 m2)
Winter 5A/B @ 0.5 fraction (258016 m2)
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Toxic Outdoor Lethality Footprint

Time varying leak

== Spring 3.5C0 @ 0.01 fraction (2735.86 m2)
== Spring 3.5C0 @ 0.89 fraction (64,9675 m2)
= Summer 2.5F @ 0.5 fraction (4163.88 m2)
= Autumn 4.5B @ 01 fraction (387.539 m2)
Winter 5A/B @ 0.01 fraction (600,145 m2)
Winter SA/B @ 0.99 fraction (4.71541 m2)

== Spring 3.5CD @ 0.1 fraction (1321.02 m2)
= Summer 2.5F @ 0.01 fraction (29806 m2)
= Summer 2.5F @ 0.99 fraction (622199 m2)
== Autumn 4,58 @ 0.5 fraction (131.186 m2)
Winter 3A/B @ 0.1 fraction (258.922 m2)

== Spring 3.5CD @ 0.5 fraction (522,898 m2)
= Summer 2.5F @ 0.1 fraction (12085.4 m2)
= Autumn 4,58 @ 0.01 fraction (878995 m2)
= Autumn 4.5B @ 0.99 fraction (8.82695 m2)
Winter 5A/B @ 0.5 fraction (84,1357 m2)
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Maximum Concentration versus Distance
Catastrophic Rupture
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Abstract

Water is a vital substance that is the most important biological substance after oxygen, and public health depends
on the existence, abundance and availability of healthy water. Contaminants containing pathogenic bacteria may
be present in water sources, so disinfection is a necessity. At present, the use of chlorine for disinfection is the
most common method in the world due to its cheapness and microbicidal power and its relatively good retention
effect. In the treatment of drinking water of cities and large industrial uses, chlorination is often done in the form
of chlorine gas. Chlorine is a dangerous gas and it is necessary to take precautions with it. Because chlorine is an
absorbable, stimulant and suffocating gas for humans. Inhalation of chlorine gas causes severe poisoning and is
sometimes fatal. In this research, we first tried to study and analyze the hazards caused by storage, storage, transfer
and use of chlorine toxin in storage cylinders (1 ton) for water purification using HAZID technique in PHA-Pro
8.5 software platform. And then using PHAST 8.22 outcome modeling software, the distribution and release of
toxic chlorine gas caused by leakage scenarios (Catastrophic Ruptre and Time Varying Leak) to be done in Ken
No. 2 water treatment plant to model the extent and distribution of this toxic substance And its impact on the staff
working in the water treatment plant and other people outside the complex to be studied and analyzed. In hazard
identification and risk assessment studies with HAZID technique in PHA-Pro 8.5 software, 2 study Node, 4
hazards, 6 events, 10 consequences, 10 existing protection layers and 18 recommendations were identified and
discussed. In this study, 10 risks were identified that in the initial risk assessment, 40% are in the medium risk
level and 60% are in the high risk level. By applying protective layers, 30% of the risks are in the low risk area
and 70% in the medium risk area. The results of HAZID studies also show that the risks identified in the first study
node are more than the second study node. As shown in the outcome modeling, one of the most important parts in
consequence modeling the outcome of the release of toxic chlorine is the definition of climatic scenarios in PHAST
8.22 software and can change the results of studies so that the geographical area affected by the toxic gas chlorine
In summer, in both scenarios, (Catastrophic Rupture and Time Varying Leak) is much higher than in other seasons.
Release modeling in an isolated building with a trapped scenario shows that removing all existing pores and
complete insulation will reduce the risk of mortality outside the cylinder storage building to zero. Unintentional
release of chlorine from pressurized cylinders in treatment plant No. 2, if the storage room is not completely
insulated, can affect local residents.

Keywords;

Tehran Province Water and Waste Water Company, Kan No. 02 Water Treatment Plant, Water Treatment,
Chlorine Storage Cylinder, Hazard Analysis, Risk Assessment, Hazid Technique, PHA-Pro Software,
Consequance Modeling, PHAST 8.22 Software.

VO



Energy Institute of Higher Education

Hazard Analysis of chlorine storage through HAZID
Technique and Consequance modeling the chlorine
release outcome from storage tanks by using PHAST
software (Case study: Water Treatment Plant)

A Thesis Submitted in Partial Fulfillment of the Requirement for the
Degree of Master of Science in Health, Safety and Environment Eng.

By:
Mohsen Karimi

Supervisor:
Dr. Farshad Hashemzadeh

September 2022



