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Event #1-Discovery
A water operator was doing daily rounds at the well house on
a Sunday morning.

He turned on the ventilation system and waited before
entering the well house.

Upon opening the door to the chemical room, he was
exposed to a strong chlorine odor.

He experienced burning to his respiratory system and eyes.



Event #1-Discovery

The employee stated that he tried to back away from the door as
quickly as possible, but it felt like the gas was following him.

It took several minutes for him to recover enough to be able to call
the Public Works Director for help.

He was reluctantly taken to a hospital, where his vital signs were
monitored, chest x-rays were taken, blood-gas measurements were

taken, and he was given nebulizer treatment.

He was released with no restrictions after several hours of
evaluation.



Event #1-Response

The Public Works Director investigated the chemical
room and noticed chlorine gas discharging near the
regulator.

He held his breath, entered the room, closed the valve,
and exited the chemical room.

Closing the valve did not stop the gas release.
The Public Works Director called 911



Event #1-Response

The Fire Department responded immediately to the scene.

The Public Works Director called the Minnesota Duty Officer
to report the release.

The Duty Officer made the necessary calls and the Hazmat
team arrived within an hour.

After evaluating the situation, the decision was made to let
the chlorine gas cylinder dissipate on its own.



Event #1-Outcomes

150 lb. chlorine gas cylinder was being used.

'he total release of chlorine was estimated to be 70
pounds.

The chemical supplier was contacted about the chlorine
gas leak after the 911 call and the call to the Duty
Officer.



Event #1-Outcomes

There was one 150 Ib. chlorine gas cylinder that was online
and one 150 Ib. chlorine cylinder that was empty but hadn’t
been changed out yet.

There was a black mark on the wall near the on-line chlorine
cylinder at a height that aligned with the cylinder valve.

It was discovered that the fusible plug had completely
melted, releasing the chlorine gas into the atmosphere.



Event #1-Outcomes

With the melted piping and equipment in the room, there
was strong evidence of extreme heat in that room.

It was determined that a faulty heater/thermostat caused
the fusible plugs to melt on the chlorine gas regulators.

The two cylinders were not removed at that time to allow
an investigation by the insurance provider.



Event #2-Discovery

A public works employee noticed that the grass around

the well house was discolored and notified the Public
Works Director.

The Public Works Director and the employee opened the

door and noticed gas leaking from the cylinder near the
regulator.



Event #2-Response

The Public Works Director held his breath and entered the well house with
the intent of closing the valve.

He was able to close the valve, but closing the valve did not stop the leak.

The leak was coming from the fusible plug, which had partially or completely
dissolved/melted.

They went back to the shop and retrieved some rubber material and large
hose clamps. Somehow, they were able to stop/slow the leak by doing this.

They immediately called their supplier for assistance.



Event #2-Outcomes

There were 5 150 Ib. cylinders all stored in the same area, one that was
In use.

The chemical supplier later arrived at scene, collected the leaking
cylinder, and removed it from the well house.

The damage to the electrical components of the well house was

significant, and the Public Works Director notified their insurance
provider.

It was never fully determined as to why the fusible plug potentially failed.



Event #3-Discovery

An operator was removing a regulator from the cylinder.

After attempting to close the valve, he determined it was
already closed.

Upon partially removing the regulator yoke, gas begin to
leak, forcing the operator to exit.

The operator called 911 and then a supervisor.



Event #3-Response
Hazmat arrived and attempted to close the valve with no
success, but they installed the valve cap to stop the leak.

One the area cleared, it was determined by the supplier
that the valve was % turn open when the regulator was
being removed.

The cylinder was removed from the site for inspection.




Event #3-Outcomes

90 Ibs. of chlorine remained in the cylinder when capped.
Approximately 60 lbs. were lost to atmosphere.

The operator was transported to the emergency room and
was observed for 6 hours.

Neighboring trees, plants and shrubs were brown from
chlorine exposure.

It was determined from sitting idle the valve was stuck in
position and nothing failed.



1 Fall Protection:

General Requirements 2 Hazard Communicatiol

1910.1200
3,010 violations

Control of
3 Ladders 4 Hazardous Energy
1926.1053 (Lockout/Tagout)

2,842 violations 1910.147
2,562 violations

5 Respiratory Protection

1910.134
2,294 violations

1926.501
6,992 violations

G  sceffolding 7 Feol Protection: g  Fowered 9 Ltesaving Eaoment ] Q Machine
1926.451 Training Requirements Industrial Trucks Eye and Face Protection Guarding
2,286 violations 1926.503 1910.178 1926.102 1910.212

2,216 violations 2,150 violations 1,965 violations 1,498 violations
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Chlorine History




History

The first compound of chlorine
ever made by humans was

hydrochloric acid, whic
prepared by the Arabia
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History

It was in 1811t
announced to t
L ondon that ch

He suggested t

hat Sir Humphry Davy
ne Royal Society of
orine was an element.

ne name chlorine

because it is the same pale, yellowish
green color that sick plants sometimes
develop, a color that is known

as chloros in Greek.
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chlorine
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History-WW1 1915

April 22-The German military launches the first large-scale
use of chemical weapons in war at Ypres, Belgium.

Nearly 170 metric tons of chlorine gas in 5,730 cylinders are
ouried along a four-mile stretch of the front.

n the end more than 1,100 people are killed by the attack
and 7,000 are injured.
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Chlorine Basics




Chlorine Basics

What is chlorine?
L Chlorine is one of 90 natural elements

 Since it is highly reactive, it is usually found chemically
bonded to other elements

1 Sodium chloride, or common table salt, is one
example



Chlorine Use Today

Chlorine Is used to control bacteria and viruses in
drinking water that can cause devastating illnesses such
as cholera and typhoid.

Approximately 98% of modern drinking water systems in
the U.S. use chlorine chemistry.



Chlorine Basics-Other Uses

d 93% of all pharmaceuticals rely on chlorine chemistry,
iIncluding medicines that treat heart disease, cancer,
AIDS, and many other life-threatening diseases

 Chlorine chemistry is involved in the production of over
86% of crop protection chemicals

 Chlorine is used to produce polyvinyl chloride (PVC)
and other plastics
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All Uses of Chlorine

Chlorine Basics-Other Uses

The chlorine industry
contributes more than $46
billion to the North American

economy annually and ‘ @ Vinyl 34%
5 Organics 21%
provides thousands of Chiorinated 6%
products. Pulp & paper 6%
Water 6%

Water/wastewater disinfection @ Other 27%




Chlorine Basics
 Chlorine gas has a pale yellow to greenish-yellow color,
depending on concentration

[t is visible at concentrations above 25-60 ppm,
depending on humidity

U It has an extremely disagreeable and pungent odor similar
to chlorine-based laundry bleaches and is detectable by
smell at concentrations as low as 0.3 ppm

] It Is about two and a half times heavier than air



EMEREINEY
STRYIEEDS
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Chlorine Limits
d OSHA celling limit =1 ppm

d Maximum airborne concentration (after 1 hour exposure
most people would experience or develop serious,

possibly irreversible health effects that could impair their
abilities to take protective action) =3 ppm

d NIOSH IDLH (immediate danger to life or health) =10 ppm
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How much is a PPM?

A

gallonin a
1,000,000-gallon
water storage tank
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How much is a PPM?

1 grain of sugar In 0O ‘ b
2 (3 sugar cubes v 0




How much is a PPM?

4 eye drops In a 5o-
gallon drum




Liquid Chlorine

d Liquid chlorine is NOT the same as a hypochlorite or
chlorine bleach solutions

 Liquid chlorine is gas chlorine which has been cooled and
compressed to a liquid form

d Chlorine is seldom seen as a liquid because it boils
(converts to a gas) at about -29°F

U Liguid chlorine expands in volume by 460 times when it
vaporizes
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Chlorine expansion = 460 times its liquid volume

hlorine
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= J38-12 packs
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Fire Concerns

d Chlorine itself is neither explosive nor flammable

 Chlorine will support combustion under certain
conditions

d Many materials that burn in oxygen (air) atmospheres
will also burn in chlorine atmospheres



Oil and Grease

Chlorine can react, at
times explosively, with
several organic materials
such as oll, grease, and
pipe thread lubricants.




Cylinder or Container?

 Chlorine ecylinders are of seamless construction with
a capacity of 1 to 150 lbs.

 The only opening in the cylinder is the threaded valve
connection at the top of the cylinder

 The steel protective cover goes over the valve and
threads onto the cylinder to protect the valve



Cylinder or Container?

 Ton containers are welded tanks having a capacity of
2000 Ibs., and a loaded weight of as much as 3650 |bs.

 The sides are crimped inward at each end to form chimes
which provide a substantial grip for lifting beams

 The ton container valves are protected by a removable
steel valve protective housing
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Container

Protective Housing



Fusible Plugs

Cylinders and ton containers are equipped with a metal
relief device or fusible plug.

The fusible metal is designed to melt between 158°F and
165°F.



Fusible Plugs (158°F-165°F.)




Gas Discharge: 150 Lb. cylinders  wo tovenr
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Gas Discharge: 1-ton Containers

Gas withdrawal valve

Liquid withdrawal valve
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Job Hazard Analysis




ARARAI 1 O

IVIIVIGIFAN
RAR AN 1 O
' VI ' V' U" Hometown services. Hometown strengths. Hometown solutions.
Winnesota Municipal Utilities Association
J O b H a Za rd Job Title: Job Location: Analyst: Date:

Analysis (JHA)

Hazard Type: | Hazard Description:

List each step

Hazard identified Consequence: | Hazard Controls:
in each step 1.
2.
How to Control 3,
each hazard 4.

Comments:




Job Hazard Analysis

Priority should go to the following types of jobs:
 Tasks with the highest injury or iliness rates

1 Tasks with the potential to cause severe or disabling

injuries or illness, even if there is no history of previous
accidents

 Tasks that are new to your operation or have
undergone changes in processes and procedures



Job Hazard Analysis Example
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Task Description-step by step

1. Bend over, pick up part from bin.
2. Turn toward grinder and grind sharp edges.
3. After inspection, place parts on shelf. %
4. Repeat.




«  Hierarchy of Controls

effective
Physically remov
the hazard

Substitution =

Engineering

. 2o B
LONIrol

Replace
the hazard

Isolate people
from the hazard

Administrative
Controls

Change the way
people work

Protect the worker with
Personal Protective Equipment

Least
effective
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Task Hazards-for each step

1. Bend over, pick up part from bin.
1. Bending, Twisting
2. Sharp edges of parts
3. Dropped parts may hurt feet
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Task Hazards-for each step

2. Turn toward grinder and grind sharp edges. essss
Sparks

Burrs
Grinding dust
Noise

o &~ =

Hot parts
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Task Hazards-for each step

3. After inspection, place parts on shelf.
1. Slips, Trips & Falls
2. Reaching to shelf
3. Stepping away from grinder




Job Hazard Analysis-Chlorine

d Ventilation

1 Eye protection

 Leather gloves

J Observation window

1 Room gas leak detector
d Trained “stand by” person
d Panic bar on exit doors

J Evacuation options

d Other affected persons
1 Topography

d Written procedures

1 Training

J Annual review of procedures
and update as needed
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Risk Rating = Likelihood x Severity

Risk Rating

Chlorine leak
when putting a
new 150 lb.
cylinder online

1 2 3 - 3]

Catastrophic - STOP

Unacceptable D URGENTACTION Improbable | Remote | Occasional | Probable Frequent
Undesirable [ ] ACTION
Acceptable [_] MONITOR L
Likelihood

Desirable - NO ACTION




Risk Rating

Chlorine leak
when putting a
new 150 lb.
cylinder online
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Risk Rating = Likelihood x Severity

Catastrophic 5
@ Significant 4
\'}
e Moderate
3
r
|
Low 2
y Negligible 1

Catastrophic - STOP
Unacceptable [__] URGENTACTION

Undesirable |:] ACTION

Acceptable [_] MONITOR

Desirable - NO ACTION
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Risk Rating = Likelihood x Severity

Risk Rating T e

S
Chlorine leak e swn o N 8 | 12
when putting a I 6 | o | 12| 15
new 150 Ib. : Low 5 4 6 8 10
cylinder online V' veatame g 4 s
Catastrophic - STOP 1 | - 3 4 | 5

Likelihood

Desirable - NO ACTION
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Chlorine Personal Protection




Personal Protection

 The most significant health hazard associated with
chlorine Is being exposed to chlorine vapors

 Respiratory protection must be assured by:
= Process design

= Operating procedures

*= Personal protective equipment
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Personal Protection

Most

«  Hierarchy of Controls

Physically remov
! Elimination —| tha hazarel

 Respiratory protection
must be assured by:

Substltutlon Repleh...
= Process design m NP

':;‘,.\'] ?L'Mi:j? ' from the hazard

= QOperating procedures | _
Controls PRopie Work
" Personal protective I V— e
equipment
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Respiratory Protection

1910.134(a)(1) In the control of those occupational
diseases caused by breathing air contaminated with
harmful dusts, fogs, fumes, mists, gases, smokes,
sprays, or vapors, the primary objective shall be to
prevent atmospheric contamination.



https://www.osha.gov/laws-regs/interlinking/standards/1910.134(a)(1)
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Respiratory Protection

1910.134(a)(1) This shall be accomplished as far as
feasible by accepted engineering control measures (for
example, enclosure or confinement of the operation,
general and local ventilation, and substitution of less toxic

materials).



https://www.osha.gov/laws-regs/interlinking/standards/1910.134(a)(1)

Respiratory Protection

1910.134(a)(1) When effective engineering controls are
not feasible, or while they are being instituted,
appropriate respirators shall be used pursuant to this

section.



https://www.osha.gov/laws-regs/interlinking/standards/1910.134(a)(1)

Respiratory Protection

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND
WELFARE

Public Health Service
Center for Disease Contro

National Institute for Occupational Safety and Health



Protective Clothing and Equipment

O Whenever liquid or gaseous chlorine is handled or used, it may come in contact
with the skin and eyes or be inhaled

O For this reason, personal protective clothing and equipment are necessary

O While not specific for chlorine, safety glasses or goggles, hard hats, and safety
shoes should be worn or be available as dictated by the special hazards of the
area or by plant practice

O Personnel working in areas where chlorine is handled or used should be
provided with suitable escape-type respirators

1 Supplied-air and self-contained breathing apparatus should be used when the
concentration of chlorine is not known, as in an emergency




AARAI 140
IVIIVIGIFAN

sAFETY DATA SHEET
CHLORINE

0=
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Chlorine

Section 2. Hazards identification

Prevention : Wear protective gloves. Wear protective clothing. Wear eye or face protection. In case
of inadequate ventilatj ear respiratory protection. Keep away from clothing and
other combustible s. Keep reduction valves, valves and fittings free from oil and

grease. Use only g s or in a well-ventilated area. Avoid release to the
environment. Do eathe gas.

Response : Collect spillagée e of fire: Stop leak if safe to do so. IF INHALED: Remove
person to fresh Pkeep comfortable for breathing. Immediately call a POISON
s e o iy . o

Wear protective gloves. Wear protective
clothing..Wear eye or face protection. In case of
iInadequate-ventilation'wear-respiratory
protection.

Storage
Disposal

Hazards not ot
classified
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Section 7. Handling and storage
Precautions for safe handling

Protective measures : Put on appropriate personal protective equipment (see Section 8). Contains gas under
pressure. Do not get meves or on skin or clothing. Use only with adequate ventilation.
Wear appropriate reg when ventilation is inadequate. Do not puncture or
incinerate containey equipment rated for cylinder pressure. Close valve after each
use and when emy otect cylinders from physical damage; do not drag, roll, slide, or
drop. Use a sugs and truck for cylinder movement.

Avoid release 1 : wronment Empty contalners retaln product residue and can be
ible materials.

before

inadequate.
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Chlorine

Section 8. Exposure controls/personal protection

Respiratory protection : Based on the hazard and potential for exposure, select a respirator that meets the
appropriate standard qr certification. Respirators must be used according to a
respiratory protectio m to ensure proper fitting, training, and other important
aspects of use. Re I selection must be based on known or anticipated exposure
levels, the hazard product and the safe working limits of the selected respirator.

Based on the hazard and potential for exposure,
select a respirator that meets the appropriate
standard or certification.
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It Respiratory Protection is Required or Desired




Health Questioner

d Each employee completes a

“Respirator Medical Evaluation”

d Must be reviewed by a health
orofessional
d HIPAA rules apply
< Health Insurance Portabillity
and Accountability Act

d On-line works great (3M)
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Part A. Section 2. (Mandatory) Questions 1 through 9 below must be answered by every employee who
has been selected to use any type of respirator (please circle “yes” or “no”).

YES NO

1. Do you currently smoke tobacco, or have you smoked tobacco in the last month?
2. Have you ever had any of the following conditions?

a. Seizures
Diabetes (sugar disease)

Allergic reactions that interfere with your breathing

a o U

Claustrophobia (fear of closed-in places)
e. Trouble smelling odors
3. Have you ever had any of the following pulmonary or lung problems?

a. Asbestosis

0 A I B O
O O0O00o0oo0googoooan

b. Asthma




Health Questioner

L Each employee completes on-line

O Employer receives notification if
follow up is required

4 Follow up would be with a local
health care professional

O Employer is notified when
guestionnaire is completed and if
staff is certified

Eval #

Date Tested Recert Date Profile Respirator Status

1865459 2/8/2023 2/8/2028 Water Utilities Full Face Certified
2108803 41212024 4/2/2026 Water Utilities Full Face Certified
2113927 4/10/2024 4/10/2025 Water Utilities Full Face Certified
1397183 1/2712021 112712026 Water Utilities Full Face Certified
1559000 10/11/2021 10/11/2026 Water Utilities Full Face Certified
2104265 3/25/2024 3/25/2025 Water Utilities Full Face Certified
2105096 3/26/2024 3/26/2025 Water Utilities Full Face Certified
2104343 3/2512024 3/25/2025 Water Utilities Full Face Certified
1868556 2/13/2023 2/13/2028 | Water Utilities Full Face Certified

2112376 4/8/2024 4/8/2025 Water Utilities Full Face Certified

2112372 4/8/2024 4/8/2025 Water Utilities Full Face Certified

1864909 2/712023 2/7/12025 Water Utilities Full Face Certified
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Respiratory Care and Maintenance

 Store mask in a sealed bag

1 Store out of direct sunlight
 Store in a cool dry location

J Must be marked “respirator
for chlorine use only”
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Respiratory Care and Maintenance

d Inspect before and after
each use

 Inspect after an exposure

 Clean with alcohol wipe

 Follow manufactures
recommendations
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Respiratory Care and Maintenance-Records

J Record inspections
 Record life of cartridge

J Record procedures

] Refer to 1910.134 for full
requirements of written
program
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Qualitative Fit Testing (QLFT)
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Qualitative Fit Testing (QLFT)

J Fit test is required for
every different mask used

d Facial hair concerns

d Make sure cartridges are
for hazard encountered
(CI2 is a P100 organic
vapor)
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Sensitivity Screening

1 Advise person to be tested that smoke may e irritating
to eyes, lungs and nasal passages

L Direct a small stream of irritant smoke towards the
person to determine they can detect the properties of it

Qd If they cannot detect the irritant smoke the QLFT
cannot be used
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Fit Testing Procedures

1 Don and adjust respirator so its secure and comfortable

 Apply irritant smoke starting at 12" moving to 6" around
perimeter of mask

1 Squeeze bulb every 15-20 seconds

J Have person raise their hand if they detect irritant smoke

 |f adjustments need to be made...restart the test



Test Exercise

1 Normal breathing

1 Deep breathing
4 Turn head side to side

1 Moving head up and down

1 Bending over and reaching for toes

1 Talking or rainbow passage



Rainbow Passage

When the sunlight strikes raindrops in the air, they act like a prism and
form a rainbow.

The rainbow is a division of white light into many beautiful colors.

These take the shape of a long round arch, with its path high above, and
Its two ends apparently beyond the horizon.

There is, according to legend, a boiling pot of gold at one end.
People look, but no one ever finds it.

When a man looks for something beyond reach, his friends say he is
looking for the pot of gold at the end of the rainbow.



Test Exercise

4 It irritant smoke is detected during the test, repeating
the entire sensitivity and test exercise Is required

 After removing respirator repeat the sensitivity test

 If the irritant smoke can still be detected the test is
passed
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Hometown services.
Hometown strengths.
Hometown solutions.
mmua.org
City/Utility name: Test agent: Test Conductor:
RESPIRATOR SELECTED Respirator
Employee Name Test Date Med'C?I Employee Signature
(Please Print) Mfr. Model Size Evaluation
Recertification

Date




Fit Testing Frequency

Completed annually
Anytime manufacturer, make, model, or size changes
Employee notifies of change in physical condition

Employer makes a visual observation of change in

physical condition that may affect respirator use

Examples include facial hair, scaring, dentures, cosmetic surgery or
excessive weight gain
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Connecting Cylinder or Container




Connecting Cylinder or Container

d Remove protective tank cover only after tank is
secured

J Check the valve packing nut to make sure it is snug

1 Check to make sure the main valve is closed

J Remove the valve protective cap

 Install the regulator using a new washer every time



Connecting Cylinder or Container
d A wrench (50 ft/lbs. maximum torque), no longe o
should be used o

1 Never use a wrench extension (cheater bar) as e \
damaged preventing gas-tight shutoft e

d Quickly crack open the main valve and then shi
 Test for leaks using the vapors from the agueous ammonia

d If there are no leaks, reopen the valve % to %2 turn and leave the
wrench on the valve



Conclusion:

¢/ Conduct a walk through and note deficiencies
¢/ Look for areas that could be improved

¢/ Complete a JHA

¢/ Discuss hazards and rate the criticality

¢/ Eliminate or mitigate hazards as required



Conclusion:

¢/ Create a simple procedure for tasks
¢/ TRAIN, TRAIN, TRAIN and then retrain

¢ Always have a standby person

¢, If standby is not available check in and out with city clerk,
police or council member

&/ of all accidents happen when changing regulators
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Special thanks to:

d HAWKINS CHEMICAL I@WKIN}

O CITY OF SAINT PETER SH|NT > PETER
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