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Abstract

Background: Qazvin province has suffered a lot of natural disasters (earthquakes) for a long time. so, the
establishment of the first industrial city in Iran, has always been a source of concern. One of these problems
is the possibility of chlorine gas leaking from the chlorination system of drinking water and treatment plant
the existing ones are on the health of the inhabitants of this region.

Material and method: This analytical study was carried out in Novorossiysk district of Alborz in
December 2012. Initially, chlorine gas leakage scenarios from these facilities were simulated by ALOHA
and WISER software, and then using the Emergency Level System, according to the CCPS Consultative
Center's Chemical Process Safety Advice, the Emergency Response Program was presented.

Results: ALOHA software, in comparison with WISER software, has more precision to identify and
address the consequences of chlorine gas leakage hazards and according to the simulation of this software
in the event of a leak from the well and water resources unit at 8240 m from the area and at night 7520
meters will be affected. Due to the speed of delivering results through the WISER software, this software
can be used at times when the operating speed is considered (incident time).

Conclusion: According to the CCPS model, the emergency conditions were classified at levels 3 and 4,
therefore, the relevant crisis management agencies (Qazvin Crisis Management Committee, Alborz City
Health Center, Red Crescent and Firefighting Authority) should provide training maneuvers At Alborz city
level, and informing people of cities and industrial companies, many efforts have been made to reduce
human and environmental damage in case of possible leakage.

Keywords: Chlorine Gas Leakage, ALOHA, WISER, CCP, Cancer

© 2019 by the author(s). Distributed under a Creative Commons CC BY license.


mailto:Saeedabadi.h@gmail.com
mailto:Saeedabadi.h@gmail.com
https://doi.org/10.20944/preprints201908.0205.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2019 d0i:10.20944/preprints201908.0205.v1

Introduction

Qazvin province was the capital of Iran during the reign of Shah Tahmasb | and was very
prosperous politically, religiously and commercially [1]. The occurrence of very severe
earthquakes during the capital of Qazvin was one of the important factors in transferring the capital
from Qazvin to Isfahan [2-4]. Regardless, the establishment of industrial units began in the Safavid
era, and over time it went through stages of growth. Alborz industrial city started in 1968 as the
first industrial city of Iran [5]. According to the Ministry of Industry, the Alborz Industrial City
was established in 1347 to implement decentralization policies for industrial workshops in Tehran
and to create new industrial hubs outside the Greater Tehran area [6]. And erected on 900 hectares
of Eric, 140 kilometers northwest of Tehran and 15 kilometers southeast of Qazvin.550 acres were
allocated to the east, industrial areas (Which holds about 450 manufacturing and industrial units),
112 acres of commercial areas (80 hectares to residential areas and 32 hectares to commercial
areas, including 394 business units - workshop, more than 603 Commercial - Neighborhood units)
and the rest of the land to public roads and facilities. The population of Alborz city according to
the 2011 census was 203276 people, which is very important for water supply, industrial and
household use. The city has two water drainage units (Wells and Water Resources Unit, which is
responsible for supplying potable water in the northwest including telemetric installations for
continuous and online control of water pressure and total water consumption, a metallic air source
of 2000 cubic meters with a height of 42 meters), the largest refinery in the Middle East, with a
capacity of up to 90,000 cubic meters, which is responsible for water supply for agriculture and is
located in the southwest of the city [7]. Exposure to chlorine gas at a concentration of 14-21 ppm
for half to one hour is dangerous and a concentration of 100 ppm cannot be tolerated for more than
one minute[8]. In fact, it is toxic but not carcinogenic[9, 10]. But Rook discovered that the
combination of chlorine with organic compounds in drinking water produced halogenated organic
compounds-chloroform[11]. That is a carcinogen[12]. Also Morris suggest a positive association
between consumption of chlorination by-products in drinking water and bladder and rectal cancer
in humans[13]. under normal conditions, if 10 tons of chlorine is released into the air, it will
produce a concentration of 140 ppm within 2 km of the source and a concentration of about 5 ppm
within 5 km. Due to the use of chlorine in urban areas and population density in large cities, the
depth of the disaster is clearly evident [14]. Chlorine gas leak from Astara's 50-tonne cylinder Kills
40 and injures 200, and the accident of chlorine gas leak at Tehran Water Treatment Plant in
December 2001 resulted in the death of 2 people and the injury of 50 people [15]. According to
official statistics, production, transportation, consumption and storage of chlorine takes 52 lives
daily. Following is a list of a number of chlorine gas events in Iran and around the world.

Table-1: Chlorine gas leakage events in Iran

Year | Month City Cause Consequences

2004 | October Iron scrap market, Tehran | Chlorine leak from used capsule 2 injured

2011 | August Tehran Chlorine gas leaks in a pool 14 injured

2012 | January Mashhad Chlorine gas leaks in a pool 30 schoolgirls poisoned

2012 | February | Hunan Pool, Sarasiab St, | Chlorine gas leaks from a capsule | 4 persons with respiratory
Tehran problems

2012 | July Elahieh Hotel, Qazvin Chlorine gas leaks from a capsule | 190 hospitalized



https://doi.org/10.20944/preprints201908.0205.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2019

d0i:10.20944/preprints201908.0205.v1

2012 | September | Paksho Company, Alborz | Combining Sodium hypochlorite | 7 persons with acute
Industrial City, Qazvin with hydrochloric acid and respiratory problems
creating chlorine gas
2012 | December | A swimming pool, Tabriz | Chlorine gas leaks from a capsule | 9 persons with respiratory
problems
2013 | December | Eghbaleh, Qazvin Chlorine gas leaks from a capsule | 6 persons with acute
respiratory problems
2015 | September | Chanan Castle Village, Deliberate release of 100 Kg 100 poisoned
Khuzestan capsules by thieves
2017 | August Dezful, Khuzestan Chlorine gas leaks from a 700 Kg | 475 injured
capsule
Table-1: Chlorine gas leakage events in the world
Date Country Cause Consequence
April 30, 1974 Yukaiichi, Japan Chlorine leak in transit 521 killed

February 22, 1978

Youngston, USA

Chlorine leak in rail transport

8 Killed, 138 injured

August 4, 1981

Mexico

Accident during chlorine road
transport

28 killed, 1000 injured
and 5000 drain

July 7, 1987

The former Soviet
Union

Accident during chlorine transport

200 injured

January 17, 1990 Germany Release of chlorine from the tanker More than 182 injured

April, 1994 India Accident during transport 1 killed, 150 injured

January, 1997 Pakistan Accident during transport 22 killed, 900 injured and
1000 drain

April 16, 2004 Chin Chlorine leakage from chlorination 9 killed and evacuated

station people up to 3 km radius

April 30, 2004 Chin Chlorine leak 282 Outpatient Injury, 6
Injury

April 11, 1996 Montana, USA Chlorine leak 350 injured

March 31, 2005 Chin Take the tanker off the rails 27 killed, 285 injured

April 12, 2005 Chin Chlorine leak 88 injured

January 6, 2005 USA Take the tanker off the rails 8 killed, 260 injured

January 13, 2005

North Carolina,
USA

Take the tanker off the rails

9 killed

April 21, 2006 Chin Chlorine leak 22 injured
July 10, 2006 Chin Chlorine leak 164 injured
September 21, Chin Chlorine leak 62 injured
2007

In a study by Ramabraham and Swaminathan (2000) at a chlorine gas storage facility, after
studying the process risks, a general template for an emergency response program was presented
that was useful, but general, and Emergency levels for different release scenarios were not
specified [16]. Adel et al. (2007) identified the most important factors in the occurrence of chlorine
leakage in drinking water chlorination stations using Fault Tree Analysis (FTA) technique, and the
most important causes of the chlorine leakage were, low skill level of staff (due to lack of
appropriate training courses for relevant personnel), high workload on staff, lack of integrated
guidelines and regulations in the chlorination stations, design flaws and the probability of an
happening accident 21 times a year (That was a relatively high figure). By modifying the basic
concepts or designing the stations, the probability of an accident decreases dramatically on a
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standard basis [15]. Tsang et al. (2008) examined the different stages of a chlorine gas emergency
response program in process plants in Taiwan, but did not use any process risk assessment methods
and did not specify release scenarios, also the radius of damage was not specified when released
into the environment. In this study, IDLH of chlorine gas considered PPM 30 (Immediately
Dangerous to Life or Health Concentration)[17]. Some studies have measured the consequences
of environmental toxicity with the criteria of TLV-TWA, ERPG, LD50, TLV-STEL, PROBIT [18-
23]. Mahoney et al. (2008) presented a model for identifying emergency response areas as hot,
warm and cold areas with ALOHA (Arial Location of Hazardous Atmospheres) software around
the toxic gas emission range based on the Acute Exposure Guideline Levels (AGLES), but in the
study They did not mention the duties of the various groups when emitting toxic gases [24]. Thus,
given that a large number of major industrial events in the last century have been related to the
release of toxic chlorine gas into the environment [25, 26]. People at risk of exposure can include
the workers near the leak site and community members who residing adjacent to industrial areas
[27]. The main purpose of this study was to describe possible scenarios of chlorine gas leakage
from the drainage unit of wells and water resources and treatment plant in Alborz city and its
possible effects on urban and industrial areas.

Materials and methods

This study was carried out in December, 2016, in the drainage unit of wells and water resources
of Alborz city. In the water drainage unit, there are two 800-kg chlorine gas cylinders, which are
transported in a supine position and the outputs of these two cylinders are connected to the drainage
circuit cylinder. The cylinder was perpendicular to collect the chlorine impurities below the
cylinder and to send chlorine gas from the top for chlorination, and the cylinders were kept in a 2-
by-2-meter room. Room temperature in summer is ambient temperature and in winter use of
heating devices to prevent freezing of chlorine gas and an average of 15 days an 800-kg cylinder
is used. Due to the importance of chlorine gas in this study, ALOHA and WISER software were
used to simulate the potential of chlorine gas leakage. Both of this software are widely used in
crisis management and emergency response. Today, many models have been developed for
modeling gas emissions and they are developing. These models are presented in software packages
using mathematical models, each of them has advantages and disadvantages, the most important
of which are ALOHA, PHAST, HGSYSTEM, DEGADIS — SLAB [18, 19, 22, 28-31]. ALOHA
software has various features including material database, prediction of concentration at a given
location and moment, fire radiation and explosion wave charts, wind speed, geographical
conditions, surface roughness, distance and modeling time [32]. It is a powerful computer software
that is used to calculate the probable outcome of an accident [33]. WISER (Wireless Information
System For Emergency Responders) software is used for hazardous chemical accidents and
contains extensive information on hazardous substances, Includes: Identification of 5236
chemicals and 438 matter base on physical and chemical properties, Guidelines for material
identification, Physical characteristics, Medical information and Material safety data sheet, also It
is generally a reference for rapid modeling in the early minutes of major events and is used in both
Android and Windows [34]. The software was used in the explosion of the Canadian Quebec
freight train, which estimated the effects of the blast on the affected area. The train was carrying
crude oil from North Dakota, that departed from the railroad on July 6, 2013 in Lak Magentic, 250
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kilometers east of Montreal. this fatal accident killed 47 people and caused hundreds of millions
of dollars in damage. This is the biggest rail accident in the last two decades [35]. the emergency
response program was developed according to the process safety management system, which has
a great importance and advantage in the process industries [36, 37]. In this system, emergency
levels were defined as recommended by Center for Chemical Process Safety (CCPS). According to
the severity of the accident, the extent of the pollution spread and the exposed population in the
event, emergency actions were divided into four categories: Emergency Level 1: When hazardous
substances exist or likely exist, but there is no leakage, spillage, fire or explosion, and it is not
expected to occur. Emergency Level 2: When there are no serious health effects, but release or
fires may be diagnosed by people working due to odors or clouds, and the surrounding population
may be paying attention and asking questions. Emergency Level 3: When release or potential
release is identified as a threat to the health of the surrounding community and is likely to be
caused by control measures. At this level, emergency responders will be alerted to take action if
necessary. If control is lost, release can become an emergency situation in society, or if the control
is successful, the level of emergency can be reduced to level 2. Emergency Level 4: When the
happened release can cause adverse effects on the community living around of the industrial area,
at this level all emergency responders in the city are aware of the accident and take appropriate
action. At this level, appropriate response measures are spread to the surrounding community[38].

Results

As mentioned, Alborz Industrial City is bounded from the northwest by the drainage unit of wells
and water resources and from the southwest by the drainage unit of the sewage treatment plant.
Given that the annual wind direction of May wind in Qazvin province from the north and northwest
and the secret wind from the south and southeast (wind percentage 7.12 and speed of 4 m/s is more
intense from mid-spring to late summer) [39]. in the two-wind mentioned above, there is more
emphasis on the expression of scenarios.

The worst-case scenario provided by WISER software is a leakage from a treatment plant (Figure
1) or wells and water resources (Figure 2), and the direction of the wind to the south and north
respectively and the possibility of leakage at night. The following two figure are specified, the
Isolate 500 and the Affected Areas are 7900 meters, which confirms the importance of developing
and implementing an emergency management plan for all Alborz residents (including Alvand and
Nosrat Abad).

d0i:10.20944/preprints201908.0205.v1
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Figure 1: Simulation of chlorine gas leakage from
the treatment plant using WISER software
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Figure 3: Simulation of high daily chlorine gas Figure 4: Simulation of high chlorine leakage at
leakage from wells and water resources using night from the treatment plant using ALOHA
ALOHA software software

Table 3: Chlorine gas leak simulation with ALOHA and WISER software

Leakage location Leak | Time | wind ALOHA WISER involved Areas
age directio "ot Warm | Cold | Isolate | Effecti
n (meter) | (meter) | (meter) | darea | ve area
(meter) (meter)
1 Wells and Water | Much | Day Northto | 1600 4800 8000 500 3000 Alborz Industrial City
Resources South
2 Wells and Water | Low Day Northto | 1280 4000 7200 60 400 Companies close to
Resources South chlorination
3 Wells and Water | Much | Night | Northto | 1600 4480 7520 500 7900 Alborz city
Resources South
4 Wells and Water | Low Night | Northto | 1120 3680 6880 60 1500 Near Industrial City
Resources South Square 2
5 Wells and Water | Much | Day Southto | 1600 4800 8000 500 3000 At the beginning of the
Resources North industrial city road
6 Wells and Water | Low Day Southto | 1280 4000 7200 60 400 Places near the
Resources North drainage unit
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7 Wells and Water | Much | Night | Southto | 1600 4480 7520 500 7900 Municipality
Resources North Residential Areas
8 Wells and Water | Low Night | Southto | 1120 3680 6880 60 1500 At the beginning of the
Resources North industrial city road

9 treatment plant Much | Day Northto | 1440 3520 6720 500 3000 Alborz Industrial City
South

10 | treatment plant Low Day Northto | 800 2400 4560 60 400 Places near the
South drainage unit

11 | treatment plant Much | Night | Northto | 1440 3040 5440 500 7900 Alborz city
South

12 | treatment plant Low Night | Northto | 800 2720 4800 60 1500 Places near Industrial
South Square 2

13 | treatment plant Much | Day Southto | 1440 3520 6720 500 3000 At the beginning of the
North industrial city road

14 | treatment plant Low Day Southto | 800 2400 4560 60 400 Places near the
North drainage unit

15 | treatment plant Much | Night | Southto | 1440 3040 5440 500 7900 Municipality
North Residential Areas

16 | treatment plant Low Night | Southto | 800 2720 4800 60 1500 Nearby Places
North industrial city road

Discussion and conclusion

In general, due to the confinement of Alborz city to both chlorination units and the monsoon winds
that cause the possible transfer of chlorine gas leakage to residential areas (Nosrat Abad and
Kemalabad and Alborz Industrial City). Emergency situations can be classified into levels 3 and 4
according to the CCPS model. Therefore, the relevant crisis management organizations (Qazvin
Governorate Crisis Management Committee, Alborz Health Center, Red Crescent and Fire
Department) should make great efforts to conduct educational maneuvers at Alborz city level and
to inform the people of industrial cities and companies to reduce the amount of human and
environmental damage if the leak occurs. The results of the Shahidi and Motevalian study showed
that chlorine gas poisoning induces mitosis of murine white blood cells and in fact can be
considered as an effective factor in the proliferation of white blood cells. In other words, although
chlorine cannot be categorically identified as a carcinogen, it can at least be regarded as a mitogen,
but further research is needed to prove it carcinogenic[40]. In this study, it was found that ALOHA
software is more accurate than WISER software for identifying and presenting the consequences
of chlorine gas leakage on residential and industrial areas of Alborz city. and by simulating this
software, the leakage from the wells and water units will be affected at 8240 meters per day and
7520 meters at night, Therefore, it is recommended to use this software to provide emergency
response program and training exercises, but given that in emergencies situations, timing of
accidents, speed of operation, and time savings are crucial and very important, Therefore WISER
software is able to instantly identify danger areas by selecting chlorine gas, wind direction and
leakage (low or high), so that control measures can be taken in critical situations.

Recommendation

Considering that the most important part of crisis management is providing strategies and opinions
when establishing and building high-risk units, Therefore, it is recommended to use the
aforementioned software to identify safe areas before construction of chlorination units.
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Unfortunately, in recent years, public construction has expanded to the areas surrounding the wells
and water resources drainage unit (so called municipal lands), it is suggested that with the
supervision of relevant units with Qazvin Governance Crisis Management, First, identify safe
locations and then the permit is issued by the municipality. Residents of these areas are also at
serious risk if chlorine gas leaks from wells and water and blowing secret wind.

As mentioned, in the area of crisis management, the most important principle is risk prevention. It
is hoped that trustee organizations will step in with more vigor and oversight in this area and avoid
the traditional thinking of curing the event at the time of the incident.

It is recommended to be used in future studies before identifying high-risk units such as
chlorination, using various software to identify safe locations for residential, commercial and
industrial construction, and administrative instructions are communicated to the trustee units, and
its implementation monitored.
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