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This initial environmental examination is a document of the borrower. The views expressed herein 
do not necessarily represent those of ADB's Board of Directors, Management, or staff and may 
be preliminary in nature. Your attention is directed to the “terms of use” section on ADB’s website. 
 
In preparing any country program or strategy, financing any project, or by making any designation 
of or reference to a territory or geographic area in this document, the Asian Development Bank 
does not intend to make any judgments as to the legal or other status of any territory or area. 
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Appendix 13: WHO Interim Guidance on Water, Sanitation, Hygiene and Waste 
Management for the COVID19 virus 
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Appendix 14: IFC Benchmark Standards for Workers Accommodation 
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Appendix 15: Guidelines and Emergency plan for handling and storing chlorine 
Instructions for Storage and Handling of Chlorine Cylinders 

 
(Based on the ‘Manual on Operation and Maintenance of Water Supply Systems’ published 

by the Central Public Health and Environmental Engineering Organization (CPHEEO) in 
2005) 

 

1.Storage Area 
 

a) Obtain storage license from controller of explosives under Gas Cylinder Rules 2004 if the 
quantity of Cl2 containers to be stored is more than 5 Nos. 
b) Storage area should be cool, dry, well ventilated, and clean of trash and protected from 
external heat sources. Please refer to Manual on “Water Supply and Treatment”, (1999 
Edition), for further details. 
c) Ventilation must be sufficient to prevent accumulation of vapor pockets. The exhaust 
should be located either near the floor or duct be provided extending to the floor.  All fan 
switches should be outside the storage area. 
d) Do not store container directly under the sun. 

e) Weather cock should be installed near the storage to determine wind direction. 
f) The storage building should be of non-combustible construction with at least two exits 
opening outside. 
g) Neutralization system should be provided. 
h) Continuous monitoring of chlorine leak detection equipment with alarm should be 
installed in the storage area. 
i) The area should be free and remote from elevators, gangways or ventilating system to 
avoid dangerous concentration of Chlorine during leak. 
j) Two portable foam type fire extinguishers should be provided in the premises. 
k) Corrosive substances shall not be stored nearby which react violently with each other. 
l) Unauthorized person should not be allowed to enter into the storage area. 

m) The floor level of storage shed should be preferably 30 cms (at least one foot) higher 
from the ground level to avoid water logging. 
n) Ensure that all containers are properly fitted with safety caps or hooks. 

 
 2. Cylinder & Drum Containers 
  

a. Store chlorine cylinders upright and secure them so that they do not fall. 
b. Drum containers should be stored on their sides on rails, a few inches above the floor. 
They should not be stacked one upon the other. They should be stored such that the valves 
are in vertical plane. 
c. Keep enough space between containers so as to have accessibility in case of emergency. 

d. Store the containers in a covered shed only. Keep them away from any source of heat as 
excessive heat may increase the pressure in container which will result into burst. 
e. Do not store explosives, acids, turpentine, ether, anhydrous ammonia, finely divided 
metals   or other flammable material in the vicinity of Chlorine. 
f. Do not store containers in wet and muddy areas. 
g. Store filled and empty containers separately. 

h. Protective covers for valves are secured even when the containers are empty, except 
during use in the system. 
i. Never use containers as a roller to move other equipment. 
j. Never tamper with fusible plugs of tonners. 
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k. Check leakages every day by means of ammonia torch. However, it should not be 
touched to brass components like valves of container for safety. 
l. Never carry out any welding work on the chlorine system as combustion of  steel takes 
place  at 2510C in presence of chlorine. 
m. The boxes containing emergency kit, safety applications and self-contained breathing 
apparatus should be kept in working order in an easily approachable area. 

 
 3. Use of Cylinders & Drum Containers in Process System 

a. Use containers in the order of their receipt, as valve packing can get hardened during 
prolonged storage and cause gas leaks. 
b. Do not use oil or lubricant on any valve of the containers. 
c. Badly fitting connections should not be forced and correct tool should always be used 
for opening and closing valves. They should never be hammered. 
d. The area should be well ventilated with frequent air changes. 
e. Transport the cylinders to the process area by using crane, hoist or railings etc. 

f. The drum containers should be kept in a horizontal position in such a way that the 
valves   are in a vertical plane. The upper valve gives out gas and the lower one gives out 
liquid chlorine. 
g. The cylinder should be kept in upright position in order to release gas from the valve. For 
liquid chlorine withdrawal, it should be inverted with the help of an inverted rack. 
h. Connect the containers to the system by using approved accessories. 
i. Use copper flexible tube, with lead washer containing 2 to 4% antimony or bonded 
asbestos or Teflon washer. Use yoke clamp for connecting chlorine container. 
j. Never use rubber tubes, PVC tubes etc. for making connections. 

k. Use the right spanner for operating the valve. Always keep the spanner on the valve 
spindle. Never use ill-fitting spanner. 
l. After making the flexible connection, check for the leakage by means of ammonia torch 
but it should not come in contact with a valve. 
m. Keep minimum distance between the container valve and header valve so that during 
change-over of the container, minimum amount of gas leaks. 
n. The material of construction of the adopter should be same as that of valve outlet threads. 
o. The valve should not be used as a regulator for controlling the chlorine. During regulation 
due to high velocity of Chlorine, the valve gets damaged which in turn can cause difficulty in 
closing. 
p. The tools and other equipment used for operating the container should be clean and free 
of grease, dust or grit. 
q. Wear breathing apparatus while making the change-over of the container from the 
process header. 
r. Do not heat the container to withdraw more gas at faster rate. 
s. Use pressure gauge and flow measuring device to control the flow and to know the 
quantity of gas left in the container. 
t. Use an inverted U type barometric leg or vacuum breaking arrangement for connecting 
the container to the process piping. 
u. Withdrawal of the gas should be stopped when the gas pressure inside the container is 
between 0.1 to 0.5 kg/cm2 approximately. 
v. If withdrawal of the gas from the container connected to the process system has to be 
suspended for long intervals, it should be disconnected from the system, and the valve cap 
and hood replaced. 
w. Gas containers should be handled by trained persons only. 
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 4. Disconnecting  Containers from Process System 
a. Use breathing apparatus before disconnecting the container. 
b. First close the container valve fully. After removal of chlorine the process valve should be 
closed. 
c. Remove the flexible connection, plug the flexible connection in order to avoid entry of 
humid air. Replace the valve cap or hood on the container. 
d. Put the tag on the empty container & bring it to storage area marked for empties.  e. 
Check   for the leakage. 

 
5. Loading and Unloading of Containers 

a. The handling of containers should be done under the supervision of trained and 
competent person. 

b. It should be done carefully with a crane, hoist or slanted ramp. Do not use magnet or 
sharp object for lifting the containers. 
c. Small cylinders should not be lifted by means of valve caps as these are not designed to 
carry the weight. 
d. The containers should not be allowed to strike against each other or against any hard 

object. 
e. Vehicles should be braked and isolated against any movement. 
f. After loading, the containers should be secured properly with the help of wooden wedges, 
rope or sling wire so that they do not roll away. 
g. The containers should never be dropped directly to the ground or on the tyre from the 
vehicle. 
h. There should be no sharp projection in the vehicle. 
i. Containers must have valve caps and plugs fitted properly. 
j. Check containers for leakage before loading/unloading. 

 
6. Transportation of Container 
 
a. The name of the chemical along with diamond pictorial sign denoting the dangerous 
goods should be marked on the vehicle. 
b. The name of the transporter, his address and telephone number should be clearly written 
on the vehicle. 
c. The vehicle should not be used to transport any material other than what is written on it. 
d. Only trained drivers and cleaners should transport hazardous chemical 
e. The driver should not transport any leaking cylinder. 
f. The cylinder should not project outside the vehicle. 
g. The transporter must ensure that every vehicle driver must carry “Trem Card” (Transport 
Emergency Card) and ‘Instructions in writing booklet’ and follow them. 
h. Every driver must carry safety appliances with him, viz; Emergency kit, breathing 
apparatus etc. 
i. The vehicles must be driven carefully, especially in crowded localities and on bumpy 
roads. Do not apply sudden brakes. 
j. Check for the leakage from time to time. 
k. In the case of uncontrollable leakage the vehicle should be taken to an open area where 
there is less population. 

 
7. Emergency Kit It consists of various tools and appliances like gaskets, yokes, studs, tie 
rods hoods, clamps, spanners, mild steel channels, screws, pins, wooden pegs etc. of 
standard sizes. Separate kits are used for cylinders and tonners. All the gadgets are 
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designed for using in controlling or stopping the leakages from valves, fusible plug and side 
walls of cylinders and containers used for handling chlorine. 
a. Leakage may occur through the valve. There are basically four types of valve leaks. 
I. Valve packing 
II. Valve seat 

III. Defective inlet thread 
IV. Broken valve thread 
b. Leakage may occur through container wall. For controlling such leakages, clamps are 
used for cylinders and chain and yoke arrangement is used for tonner. Sometimes wooden 
peg is used by driving into the leaking hole as a temporary arrangement. 
c. Leakage may occur through fusible plug. 
i. If the leakage is through the threads of fusible plug, yoke, hood and cap nut arrangement 

is used to control the leak. 
ii. If fusible metal itself in the plug is leaking, yoke and stud arrangement is used to control 
the leak. 
 

 
1. First Aid to be Provided for a Person Affected by Chlorine 

 
a. General Remove the affected person immediately to an uncontaminated area. Remove 
contaminated clothing and wash contaminated parts of the body with soap and plenty of 
water. Lay down the affected person in cardiac position and keep him warm. Call a 
physician for medical assistance at the earliest. Caution: Never attempt to neutralize 
chlorine with other chemicals. 
b. Skin Contact Remove the contaminated clothes, wash the affected skin with large 
quantity of water. Caution: No ointment should be applied unless prescribed by the 
physician. 
c. Eye Contact If eyes get affected with liquid chlorine or high concentration of chlorine gas, 
they must be flushed immediately with running water for at least 15 minutes keeping the 
eyelids open by hand. Caution: No ointment should be used unless prescribed by an eye 
specialist. 
d. Inhalation   If the victim is conscious, take him to a quiet place and lay him down on his   
back, with head and back elevated (cardiac position). Loosen his clothes and keep him 
warm using blankets. Give him tea, coffee, milk, peppermint etc. for making good effect on 
breathing system. If the victim is unconscious, but breathing, lay him down in the position 
mentioned above and give oxygen at low pressure until the arrival of doctor. If breathing has 
stopped, quickly stretch him out on the ground or a blanket if available, loosen his collar and 
belt and start artificial respiration without delay. Neilson arm lift back pressure method is 
useful.  Automatic artificial respiration is preferable if available. Continue the respiration until 
the arrival   of the doctor. Amboo bag can also be used for this purpose. 

 
2. On-Site Emergency Plan to Cover the Leakage of Chlorine 
 

 Introduction As chlorine is a hazardous chemical, handling and storage of it demand 
adequate precautions to avoid possible hazards. Leakage of chlorine may develop into a 
major emergency. Therefore the emergency procedure to cover this eventuality is essential.  
It is drawn in the form of on-site emergency plan. The elements of onsite emergency plan 
are as follows: 
 Identification of Hazard Chart 
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In this case the site risk is evaluated by the expert and the extent of the probable damage is 
calculated on the basis of stored chlorine quantity, nearby population, wind direction, type of 
equipment failure etc. For this purpose hazard analysis is conducted in which case all the 
hazardous properties of chlorine are considered. If evacuation is required, the range of it is 
calculated. 
Appointing Key Persons In order to control the incident like chlorine leakage, it is essential 
to appoint various persons with their well-defined responsibilities. Taking into account the 
various activities likely to be involved, the following key persons are appointed (i) Site 
Controller, (ii) Incident controller, (iii) Shift Executive In charge, (iv) Communication Officer, 
(v) Safety Officer, (vi) Fire and Security Officer, (vii) Utilities and Services In charge, (viii) 
Traffic Controller, (ix) First Aider 
 
Assembly Points These points are set up where persons from the plant would assemble in 
case of chlorine leakage. At these points the in-charge for counting the heads will be 
available. 

 
 Emergency Control Center 
The control center is the focal point in case of an emergency from where the operations to 
handle the emergency from are directed and coordinated. It contains site plan, telephone 
lines, public address system, safety equipment, first aid boxes, loud speaker, torches, list of 
essential telephone numbers, viz. fire brigade, police, hospital, civil defence, collector, 
factory inspector, organizational authorities, chlorine suppliers, mutual aid group, social 
workers, list of  key  persons and their addresses, copy of chemical fact sheet, location plan 
of fire hydrant, details of dispersion model of chlorine gas, population distribution pattern, 
location of alarm system. 
 
 Procedure to Meet Emergency 
The actions to be taken by the staff and authority are given below; Emergency Alarm:  An 
audible emergency alarm system is installed throughout the plant. On hearing the alarm the 
incident controller will activate the public address system to communicate with the staff 
about the emergency and give specific instructions for evacuations etc. anyone can report 
the occurrence of chlorine leakage to section in-charge or incident controller through 
telephone or intercom or in person. 
 
 Communication 
Communication officer shall establish the communication suitable to that incident. 
 
 Services 
For quickness and efficient operation of emergency plan the plant is divided into convenient 
number of zones and clearly marked on the plan. These are emergency services viz.  
firefighting, first aid, rescue, alternative source of power  supply, communication with local 
bodies  etc. The incident controller will hand over the charge to the site controller of all these 
coordinating activities, when the site controller appears on the site. The site controller will 
coordinate all the activities of the key persons. On hearing the emergency alarm system all 
the key persons will take their charge. In case of their absence other alternatives are 
nominated.    The person nominated for personnel and administration purposes will be 
responsible for informing all statutory authorities, keeping account of all persons in the plant 
including contract labor, casual workers and visitors. He will be responsible for giving 
information to press or any outside agencies. He is also responsible for organizing canteen 
facilities and keeping informed the families of affected persons. The person nominated as 
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security officer should guide police, fire fighting and control the vehicle entries. The site 
controller or any other nominated person will announce resumption of normalcy after 
everything is brought under control. The onsite emergency plan needs to be evaluated by 
mock drill. Any weaknesses noticed during such drills should be noted and the plan is 
modified to eliminate the weaknesses. 
 
 Emergency 
Measures In case of leakage or spillage of Chlorine, the following emergency measures 
should be taken: 
a) Take a shallow breath and keep eyes opened to a minimum. 
b) Evacuate the area. 

c) Investigate the leak with proper gas mask and other appropriate Personal protection. 
d) The investigator must be watched by a rescuer to rescue him in emergency. 
e) If liquid leak occurs, turn the containers so as to leak only gas. 

f) In case of major leakage, all persons including neighbors should be warned. 
g) As the escaping gas is carried in the direction of the wind all persons should be moved in 
a direction opposite to that of the wind. Nose should be covered with wet handkerchief. 
h) Under no circumstances should water or other liquid be directed towards leaking 
containers, because water makes the leak worse due to corrosive effect. 
i) The spillage should be controlled for evaporation by spraying chilled water having 
temperature below 9.4oC. With this water crystalline hydrates are formed which will 
temporarily avoid evaporation. Then try to neutralize the spillage by caustic soda or soda 
ash or hydrated Lime solution carefully. If fluroprotein foam is available, use for preventing 
the evaporation of liquid chlorine. 

j) Use emergency kit for controlling the leak. 
k) On controlling the leakage, use the container in the system or neutralize the contents in 

alkali solution such as caustic soda, soda ash or hydrated lime. Caution: Keep the supply of 
caustic soda or soda ash or hydrated lime available. Do not push the leaking container in the 
alkali tank. Connect the container to the tank by barometric leg. 
l) If container commences leak during transport, it should be carried on to its destination or 
manufacturer or to remote place where it will be less harmful. Keeping the vehicle moving 
will prevent accumulation of high concentrations. 

m) Only specially trained and equipped workers should deal with emergency arising 
due to major leakage. 
n) If major leak takes place, alert the public nearby by sounding the siren. 
o) Any minor leakage must be attended immediately or it will become worse. 
p) If the leakage is in the process system, stop the valve on the container at once. 

 
 Safety Systems Required at Chlorination Plant 
The following safety systems should be kept ready at the chlorination plant: 
a. Breathing apparatus. 
b. Emergency kit. 
c. Leak detectors. 
d. Neutralization tank. 

e. Siren system. 
f. Display of boards in local language for public cautioning, first aid and list of 
different authorities with phone numbers. 
g. Communication system. 

h. Tagging system for equipment. 
i. First aid including tablets and cough mixtures. 
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j. Exhaust fans. 
k. Testing of pressure vessels, chlorine lines etc. every year as per factory act. 
l. Training & mock drill. 

m. Safety showers. 
n. Eye fountain. 
o. Personal protective equipment. 
p. Protecting hoods for ton-containers. 

q. Fire extinguishers. 
r. Wind cock. 

 
 
 
 


