The Point Lillias Chermical Storage Faciity

A proposed chemical
storage facility for Victoria
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* Overview and background.

NOTE: In june 1997, the Victorian Government announced it was abandoning plans to relocate the

faciiity. It has represented a great deal of wasted effort on the part of government, industry 2nd the

public. We have no position other than to say that we are not against the facility - it's simply that the
NEED FOR IT HAD NOT BEEN PROVEN.

Background and not updated

The case for Point Lillias has first to be proven and then prioritised against other public funding activities
that could help the petrochemical industry in Victoria. Victorian's looking at why Bass Strait gas (very
cheap for many years) failed 1o stimulate any industry providing only cheap petrol (or government
revenue and supernormal profits for some), may find my introduction to a guest speaker on the North West
Shelf gas development of interest.

Canberra’s stand on this could have ramifications on a raft of other nationtl interest issues. Wewill
comment on these later.

We hope the analysis provided with our compliments is of help. Feedback is always welcomed.
The need for a facility
The facility should be predicated on:

1. Safety need - to reduce risks to persons ant the environment
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Blaze rocks S.E.

Thousands forced out of homes

By GLEN WHELAN, CAMERON MAXWELL AND JASON
VAN RASSEL - Calgary Sun

Massive explosions — _
at a southcast oil
recycling plant
blackened city skies
and sent thousands
flecing from one of
Calgary's worst fires
ever,

Five workers at Hub
Qil were injured, one

seriously, when the A string of explosions rocked an oil recycling

blast rocked the plant Monday, injuring a least five people and

refinery and shook the *nding a huge plume of toxic black smoke into
the sky. Palice began evacuating resideats from

ground aroqnd 5805 nearby neighbourhoods as flames continued to

17Ave. S.E,onlya  jeap from from the Hub Oil Plant.

few hundred metres  Jim Wells, Calgary Sun

away from the nearest
houses.

As thousands of Calgarians scattered from the path of the giant
toxic cloud that followed, firefighters searched in vain for two
plant workers who were inside at the time.

"We're all holding in," said Jackie Ball, the mother-in-law of Ryan
Eckhard, a two-year Hub worker who was missing.

"We're hoping it turns out good, but right now we're still waiting.
That's the hard part -- the waiting."

The 26-year-old Eckhard has a wife and three girls; a
three-year-old and two twins about to turn one.

Family members of the other worker, Ryan Silver, also spent the
day in anguish over the fate of their missing loved one, a three-year
nlant veteran
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“It's tough,” said sister Tanya after hours without any news. "We're
all just hoping for the best.”

What grew into Calgary’s most spectacular fire ever started around
11:30 a.m., likely triggered inside storage barrels at the oil
recyeling plant.

The blaze forced frustrated firefighters to back away and
eventually call five alarms as barrels and confainers full of used oil
and other chemicals exploded, sending fireballs and smoke up 100
metres in the air,

Police and fire crews blocked off the area and began evacuating
residents. Vibrations and heat from the blasts could be felta
kilometre away.

More than 2,000 people were evacuated in an area reaching from
325t 5.E. east to 68 51, and 17 Ave. 5.E. 0 8 Ave, 5.E.

Disaster Services set up the Penbrooke Community Centre as an
evacuation centre, but later redirected displaced residents to Jack
James high school when the toxic plumes of smoke loomed closer.

By 5:30 p.m., approximately 350 people had found refuge at the
school in the 5800 block of 8 Ave. S.E, where the Red Cross had
erccted registration stations for evacuees and their families.

Last night, many of those i the shelter were staying overnight.

Health officials also urged people in the city's northeast to close
their windows and doors and go to hospital if they felt sick.

Alberta Environmental Protection and the fire department’s
hazardows materials unit were on scene as the HAWCS helicopter
flew overhead 1o get a closer look.

Kevin Pilger of the environment department said the smoke did
not appear to present a serious danger.

Pilger described the fire as "a very clean burm” but said officials
were monitoring air quality for carbon monoecide, hydrogen
sulphide and sulphur dioxide.

Penbrooke resident Barb Johnson initially headed toward the blast
to see what happened, watching from a field northeast of the site.

"There was a brick building on fire - vou could see the flames
shooting out,” said Johnson, 46,

*Ther= was a while tank that hadn't been touched but all of a
sudden it went up — boom!"

Calling themselves "damn lucky to be alive,” injured Hub Oil
workers recounted harrowing tales of escaping — and even rescuing
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others — from the explosion.

Dean Siemens, 29, was thrown to the ground, burned and dazed
by the explosion.

"It wasn't until I got up I noticed my hands were bumed,” said the
boiler operator, who figured he was only metres from the blast,

Firefighters, working with oil fire specialists Safety Boss, finally
started tackling the blaze at 8:30 p.m., when the last of the oil and
chemical containers had detonated.

It took just over a half hour to contain the fire, as 25 firefighters,
five pumpers, an ariel sprayer and and airport truck containing
2,000 litres of fire-snuffing foam surrounded the complex and
attacked it.

A second wave of men went in at 9:10 p.m. to finish the job.

COMPLETE CALGARY SUN COVERAGE:
saster plan put to test
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Disaster plan put to test Top Stories

Best photos
City erred on side of caution to keep residents free of ech Ne
danger Cﬂﬂm
Hey Martha!
By MICHAEL PLATT and KEVIN MARTIN -- Calgary Sun :Jv-f:ih%ck o
The city’s seldom-used disaster services . 2 .
plan kicked into gear for yesterday's B ]]zngwt
spectacular fire as health and environment &5 @5@—
officials calmed fears the huge plume of — Atlar '.“9
smoke was dangerously toxic. - World .
Kevin Pilger, of Alberta Environment, 3 gl’ !;usmss
said regular ground level air checks as the B SULCLs
fire blazed detected no abnormal levels of
toxic fumes. FAYES
"We did pick up some levels of carbon - - _k — %'ﬂﬂ‘m
monoxide but nothing more than you'd g m’“‘,"’, jorday ot zomes |
find in normal traffic. an il recycling plant in Circulation
Calgary. Comi :
"I don't suspect we will have long term  CARLOS AMAT, Sus \%3%1"&3
environmental im Sy " ~yeather
pacts
Calgary's medical officer of health agreed. %?‘%9295
"The levels are well below the acceptable levels that Alberta Editorial/jet
Environment sets,” said Dr. Brent Friesen of the Calgary Regional dohn Larst
Health Authority. Dave Elston
Bret Hart
Favourable weather conditions - clear skies and steady breezes - Harry Sanders
helped ensure the smoke was adequately dissipated, said Pilger. Mﬁ‘l_'u(‘?‘%a
Firefighters were initially responsible for triggering the emergency Tech News
process, a city-wide alert reserved only for the most dire of Calgary Stampede
disasters. Talk to us
“The firefighters reached the scene and called in a second alarm,” g‘—m—'m
caid Rrian Wises a diencter corvices nfficer with the citv Calgary weather
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"We then followed with the Calgary Peace Time Disaster plan,
although we (didn't) declare a State of Emergency.”

All hospitals were placed on alert, a process that rescrves
emergency room space for possible casualties, while four CRHA
nurses were dispatched 1o the scene,

Community and Social Development was then brought in to
co-ordinate evacuation of nearby communities and provide food
and shelter.

The Red Cross was also alerted, and a contact line — 541-6100 -
has been set up to locate missing people and reunite families.

The city continues to monitor the situation, and Wiese said the
disaster fcam is erring on the side of caution, because so many
people are ai risk.

The CERHA will also do further tests to find oul whether any
dioxins were released in the fire.

Anyone seeking further information can call the CRHA at
265-4636.
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Blasts rock cowtown

Five injured, two missing, 2,000 flee homes

CALGARY (CP) -- The sky above Calgary filled with a billowing
cloud of toxic black smoke Monday as a string of explosions
rocked an oil recycling plant.

Two workers were missing and one man was admitted to hospital
with bums to his back and arms. Three other men and a woman
were treated and released.

More than 2,000 residents from nearby neighbourhoods were
evacuated as flames Icapt from the Hub Oil plant in the city's
southeast, Vibrations and heat from the lunch-hour blasts could be
felt a kilometre away.

The evacuation was not mandatory, however, and at some homes
children played in their yards as thin blobs of cooled oil dripped
from the sky.

Brent Friesen, medical health officer for the Calgary Regional
Health Authority, said preliminary air quality testing showed
nothing alarming, but he said he couldn't give specific numbers.

"It is well within accepied levels,” he said, "As the fire is
extinguished we might see some more pollutants coming until it is
completely put out."

Friesen noted the
plant, which is within
city limits, has long
been a source of
worry for neighbours,
adding the health
authority and Alberta
Environment recently
recommended against
the building of a
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240-unit A string of explosions rocked am ofl recycling

condominium plant Monday, injering s least five people and
complex next door.  *ending a huge plume of toxic black smoke inte

the sky. Police began evacunting residenis fram
= . nearky neighbourboods as lames continued to
Residents in the area jeap frem from the Hub Oil Plant.

« « » complained of Jim Wells, Calgary Sun

odours and other problems,” he said. [ think this does reinforce
the need to look at the industrial activity that is occurring and
making sure that the setback distance for nearby residences
provides an adequate degree of protection.”

Clint ShefMield, 69, who was shaving in his home a block away
when the blast knocked pictures off the wall, called it an
environmental disaster waiting to happen.

“It (the plant) will be gone now,” said Sheffield. "People will gt
their wish.”

Onkar Ghuman, wiho runs & nearby gas station, said he feared for
his life.

"1 saw sunshine and then this thundering, then this big ball of fire
keep spreading, coming toward me," Ghuman told CBC
Mewsworld, "I saw death right there in my eyes. [ thought 1 was a

goner."
One Hub Qil worker said that when he heard the first blast, he hit
the ground and then ran,

"I never ran so hard yelling, *Oh my God! Oh my God!" * said the
man, who identified himself only as Chris.

"There were things exploding beside me.™

The first fire crew that arrived on the scene was forced to abandon
its ladder truck, which was badly damaged in the inferno.

Capt. John Conley of the Calgary fire department said the blaze
was believed to have started in a couple of oil storage tanks, but he
had no word on the cause.

In & kind of chain reaction, as many as 15 or 20 more tanks blew
up throughout the afternoon, shooting debris into the air each time.
At one point an orange fircball rocketed |00 metres straight up.

hipfwowwcanoe. cnBdmontoafion/front 1_heml
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A heavy diesel smell hung in the air as
crews from 26 firefighting rigs — -
including foam trucks brought in from the |
international airport — stood by,

Eight hours after the blaze started, 28
crew members and a line of fire-fighting
equipment lined up as the assault on the
inferno was launched.

Officials from two oilficld fire-fighting

firms - including Safety Boss, which ;.::Ihhﬂ wt'::'kd:;.l"-“

gained fame fighting oil fires in Kuwait  4a oil recycling plant in

after the Gulf War — were also on hand to  Calgary.
volunteer their services, WMT,M
5

Police wenl door to door to evacuale area residents, directing them
farst 1o a community centre and then to two different high schools
as the smoke shifted,

Brian Wiese, a disaster services officer for the city, said the smoke
woubd contain hydrocarbons, which carry large amounts of carbon
monoxide.

"People don have o leave but it's best that they don't stay home,”
he said.

At the evacuation centre, hamburgers from nearby fast-food
restaurants were gobbled up almost as quickly as they were
deliverad.

Officials discouraged evacuees from bringing food from home out
of fear it might be contaminated.

Further afield, health officials urged people in the city's northeast
to close their windows and doors and go to hospital if they felt sick.

Alberta Environment and the fire depariment’s hazardous materials
unit were on scene as helicopters flew overhead to get a closer

look.

There was traffic chaos as evacuees trying to figure out where o
go ran into residents driving back from work to see if their homes

and families were QOF.

"It's poor organization,” said Shefficld. "Everyone is just driving
around in circles. They don't tell you where 1o go.”

One RCMP officer was clearly frustrated as she tried to direct
traffic: "This isn't poorly planned — it's just mayhem,” she said.

Mlear the evacuation centres, some residents sat on their front
porches, watching the smoke and drinking beer.

httpalfwrww canoe ca'EdmostonSusfont 1 him)
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“"May as well sit back and have a cold one,” said Stan Bedstrom.
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Deadly blasts rock Hub Oil

Juliet Williams, Calgary Herald

Firefighters brought a
massive blaze at an oil
recycling plant under
control just before 11 p.m.
Monday -- 101U2 hours
after the fire erupted,
triggering more than 40
explosions and forcing the
evacuation of 250 people
in southeast Calgary.

At press time, firefighters
axpected to be at the
scene all night
extinguishing hot spots.

Two men, employees of
Hub Oil Co. Ltd., at 5805

| | 17th Ave. S.E., were stil
unacccunted for at 11 p.m.

find It Here!
(EVTRYV | SEVIR| | Monday night and feared
dead.

:
"We'd ke to hope for a
IS IU MRS W | miracie,” fire chief Wayne
- === Morris said at a late-night
tnwun‘nuﬂ,! Guide } news conference. oy
| . -
~ | The fire began about 1130 Shannon Oatway, Calgary Herald /
am., sending 2 huge Fireballs erupted throughout Monday
xm" °f8b'3°k sm::: ::lo afternoon at Hub Oil, a recycling plant
sky. Blasts roc e at 5805 17th Ave. S.E. Two men are

site throughout the day, as
tanks of oll, diesel fuel, jet feared dead and five other people were

fuel, propane and sulphuric injured in the inferno that could be seen
acid exploded. 50 kilometres away.

The first shift of seven rigs
and 25 firefighters began
advancing on the blaze at
8:30 p.m., using water and
fire-fighting foam to bring

Amam tha larnact lamaoae
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Fire officials waited for the
final blasts before moving
in, The were given the all
clear by Morris about 6:45
p.m., and began their
assault at 8:30.

"We decided we had a
safe window to get in," said
fire Capt. John Cenley. "In
21 years I've never seen
anything of this
magnitude.”

The department lost an
aerial truck, which was
consumed by flames after
explosions forced
firefighters back

The two missing men did
not report to family or
frends, or at any of the
emergency stations.

Another five people — four
men and a woman who
were working at Hub Oil —
suffered burns and
shrapnel wounds, One
man was admitted to Peter
Lougheed hospital with
extensive burns to his
back.

Premier Ralph Klein said
he was keeping close tabs
on the tragedy from
Quebec, where he was
attending the annual
premiers conference. He
pledged whatever help he
could offer

“Requests from the City of
Calgary for further
assistance from the
Government of Alberta wil
be handled swiftly,” Klein
said.

It was the largest industrial
fire ever seen in Calgary,
with flames reaching 125
metres. The one-acra site
ancompasses an entire
square city block.

Photo: Larry MacDougal / Burning
Hub Ol refinery

|

‘.-* - - t‘
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Shannon Duncan, Calgary Herald / A
police officer and firefighter comfort a
man near the Hub Oil refinery fire on
Monday.

.i,‘-" Sy
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Evacuation Area; Hub Oil Company
Ltd.

About 200 people were evacuated from the community of Penbrooke
Meadows to the north of the massive plume, but clly officla’s sald as many
as 1,000 may have left thelr homes.

Y1099 1137 PM



Deadly blasts rock Higb Ol wyslwypMetwork Page. 93Mhpatovow s ld com/newa'stoeiea D08 LV T0620 1 hitml

At about 10:30 p.m. “the fire department announced that part of the
evacuation zone was deemed clear enough to come home,” said Chris
Branch of the city of Calgary community and social development
department late Monday evening. "The entire zone will recpen tomorrow
mofming, but they don't know whan."

Initially crews sent evacuess 1o Penbrooks Meadows Communily Cenfre,

They were later transferred to Jack James Junior High School, 5105 8
Ave. 5.E., and Albert Park/Radisson Heights community centre to get
them out of the path of the smoke.

“It's been a little towgh to do," said Conley of the co-ordination required to
move large numbers of residants.

Moefla Hayden, a resident of a trailer park in the 8200 block of 17th
Avenue, said she was sleaping with her baby when sha heard the
explosion,

Within moments, she had been told by someonea to go to Jack James High
School. "We were taken care of all day. We weara given hotdogs, chips and
pop from the cafeteria, with fruit for the kids.”

Verna Walsh, who lives in a frailar on 17th Avenue with her husband and
her son's commaon-law wife Elizabeth Waells, complained that authorities
sesmed confused about where evacueas should go.

"A woman came to the door and told her to evacuate,” said Walsh, who
was al work at the time. "They told har to walk east They didn't tell har
where to go. She's from Peterborough, Ont. She's only been here five

days.*

"They could have got a bus into the trailer park to bring people out, but
there was no organization,” said Wells's husband, Michael van Eerden.

The family expected to spand the night at the Highlandar Hotel in
northwest Calgary.

Luella Blair said she was told “we have to come back in the moming and
wait to find out If we can go home.” At press time, she didn't know where

she would spand the night.

Late Monday, Conley said most residents along 8th Avenue between 52nd
and B8th Streets had bean allowead to return to their homes. Palice also
re-opened 52nd Streat after closing it for most of the day.

Mearby businesses and homeas wera immedialely evacuated, as police
used loudspeakers to get hundreds of onlookers away from the scene.

Jason Hannah, a city worker, was taking his lunch break from replacing
water mains in a trailer about two blocks from the explosion on 17th

Avenue when the trailer was jolted.

He stepped outside to see a great ball of fire and large pieces of shrapnel
fiying through the air.

| "I'm scared to death,” said Hannah. "My heart jumped about three beats. |
don't ever want to come back to this site again.”

Skillen and Mark Coates ran for their lives from the site after windows
shattered and supplies fell from shelves in their warehouse adjacant to

3of 5 RANVS 11:57 PM
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Hub Qil. "It was too hot We could feel it buming,” said Skillen.

By 5 p.m., fire officials wamed residents to stay indoors all night if they
were within an area of roughly 100 square kilometres northeast of the fire
because of health concemns, and advised people to close all windows and
doors.

Police closed an 18-block by 15-block area.

Rachelle Webb rushed o the scene to ook for her son Christian Webb,
17, who was working at his job crushing oil filhers at Hub Qil. He escaped
without injury, she learned in a frantic phone call just minutes after hearing
about the explosion.

Woebb said Christian later told her: "Mom, | wanted fo go through a
window. Thare wera flames everywhere,”

“He said it was ke (tha movia) Backdraft. He didn't know where to go."

The searing heal from gigantic flames could be felt from eight blocks away
whenever one of the storage tanks blew up, and the roaring noise rocked
buildings and vehicles in the area,

“It shook the whaole building,” said Jim Willis, a plant manager at
neighbouring Meyers sheat matal, "There was a loud explosion ., . . and all
our power went off. We just asked everybody to get out of the building "

Shirey Heaston, who Iives in Penbrocke Meadows, said: "My entire housa
shook. It was like a bomb going off and | thought the house was in the
process of blowing up. My computer weant on and off three times,”

As many as 80 city police officers assisted by Strathmore Mounties
cordoned off roads and cleared people from the area.

At one point, 58 firefightars in 23 trucks -- including the airport units — were
on standby,

The fire was confained to the one-acre site thanks (o moderate winds that
sant the pluma in a northary directon for most of tha day.

“We've just seen a succession of lank after tank exploding,” fire
department spokesman Capt John Conbey said earler in the day, "It's very
frustrating for us to sit by, but the possibility of injurkes is 20 dramatic we
cantgoin”

Alberta Environment sent in a crew to monitor health and environmental
effects from the fire and smoke. Ol droplets were reported falling on
housas north of the site, said Kevin Pilger, an Alberta Environment

investigator.

Pilger said hydrogen sulphide and sulphur dioxide were the major health
concerns. Conley said tests had confirmed the air quality met safety
standards,

The HAWC police heicopter flew over the fire all day with Hub Cil
officials to get a clear piclure of which tanks had exploded. Firefightars
waited unkil they believed all the tanks had exploded - especially a 5,000
galion tank of suliphuric acid,

At press ime, Hub Oil owner Diane Lewis could not be contacted by the
Herald,

R10:99 11:57 PM
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Two feared dead in blasts
Thousands of Calgary residents evacuated

zopgmmcwmm

The sky above Calgary filled
with a billowing cloud of toxic
black smoke for almost 10 hours
Monday after a string of
explosions rocked an
oil-recycling plant, leaving two
workers missing.

your online r*- The two men had been on the

superstore at
canada.com § W9 | job carlicr in the day at Hub Oil.
=R . —
One other man was admitted to . S—— L=
hospital with bumns to his back CP / A string of explosions Monday sen
and arms. Three mea and a toxic smoke spewing over Calgary.

GAME|| o

Late Monday, the fire was finally extinguished after a 75-minute, all-out assault
by a crew of 28 firefighters and a string of huge pumper and foam trucks.

More than 2,000 residents from nearby neighbourhoods were evacuated as
flames leapt from the plant in the city’s southeast. Most were eventually allowed
home, but about 250 from homes nearest the plant were told to find other
accommodations for the night.

Relatives of the two missing men were trying to remain optimistic.

"We're hoping it turns out good, but right now we're still waiting," said Jackie
Ball, the mother-in-law of Ryan Eckhard, 26, who had worked at the plant for
two years.

"That's the hard part —the waiting."

Eckhard has a wifc and three girls; a three-year-old and twins ebout to turn a
year old.

"It's tough," said Tanva Silver, sister of the second man, three-vear plant veteran
Ryan Silver. "We're all just hoping for the best.”

Vibrations and heat from the more than 40 Junch-hour blasts could be felt a
kilometre away.

1of3 210099 11:50 PM
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The evacuation was not mandatory, however, and af some homes children
played in their yards as thin blobs of cooled oil dripped from the sky.

Brent Friesen, medical health officer for the Calgary Regional Health Authority,
said preliminary air quality testing showed nothing alarming, but he said he
couldn't give specific numbers.

“It is well within accepted levels,™ he said. "As the fire is extinguished we might
see some more pollutants coming until it is completely put out.”

Friesen noted the plant, which is within city limits, has long been a source of
worry for neighbours, adding the health authority and Alberta Environment
recently recommended against the building of a 240-unit condominium complex
next door,

"Residents in the area E complained of odours and other problems,” he said, "[
think this does reinforce the need to look at the industrial activity that is
occurring and making sure that the setback distance for nearby residences

provides an adequate degree of protection.”

Clint Shefficld, 69, was shaving in his home a block away when the blast
knocked pictures off the wall. He called the blasts an environmental disaster

waiting to happen.
"It (the plant) will be gone now,” said ShefMeld. "People will get their wish.”
Onkar Ghuman, who runs a nearby gas station, said he feared for his life.

"] saw sunshine and then this thundering, then this big ball of fire keep
spreading, coming toward me,” Ghuman told CBC Newsworld. 1 saw death

right there in my eves, [ thought [ was a goner.”

One Hub Oil worker said that when he heard the first blast, he hit the ground
and then ran. "l never ran so hard yelling, "Oh my God! Oh my God!" * said the
man, who identified himself only as Chris. "There were things exploding beside
me.”

The first fire crew that armived on the scene was forced 10 abandon its ladder
truck, which was badly damaged in the inferno.

Capt. John Conley of the Calgary fire department said the blaze was believed 1o
have started in a couple of oil storage tanks, but he had no word on the cause.

In a kind of chain reaction, as many as 15 or 20 more tanks blew up throughout
the afternoon, shooting debris into the air each time. At one point an orange
firchall rocketed 100 metres straight up.

A heavy diesel smell hung in the air as crews from 26 firefighting rigs -
including foam trucks brought in from the international airport - stood by.

Officials from two oilfield fire-fighting firms — including Safety Boss, which
gained fame fighting oil fires in Kuwait after the Gulf War — were also on hand

to volunteer their services.
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1. CAS No.: 7782-50-5
2. RTECS No.: FO2100000

3. 00T UN: 3017 20

4. DOT ladel: Polnon gas

* Agpesrance and odor

Chiorine Is a greenish-yellow gas with a characteriic pangent ader. 1t cordenses to an
amber liguid ot sopreximetaly <34 degrees C (-29.2 degrees F) or ot hgh pressures.

Odor threshoids ranging from 0,08 to pert per millon (ppen) perts of ar heve Dees
reported, Prolonged expesures may ressit i olfsctory fatique.
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1. Molecular welght: 70.9

2. Boding point (st 760 mm Mg): -34.6 degrees C (-20.28 degrees F)

). Specific grawity (Nowd]: 1 41 at 20 degrees C (65 degrees F) and 2 pressure of 6.86
atn

4. Vagor demsity: 2.5

5. Meking poist: -101 degrees C (-149.8 deprees )

6. Vapor pressure at 20 degrees C (68 degrens F): 4,800 mn Hy

7. Solsbily: Sightly scluble in water; solubie in alkalies, alkcohols, and chiondes.
8. Evaporaticn rate: Dota not avalatie.

* Reactiviy

1. Condricns contridsting to mstsbiity: CMddlbﬂmnwm-'-um
10 efevatod temparatures. Onloring in solution ferma a corrcsive material

2. Incompatibitties: Fammadle (ases 30d vApOLs fOrm eXpIOGve MURuNes with
chiorite. Contact Setween chionra and many combustibhe sbsiances (such as gasaline
preduxts, Wdrecarbons, turpentine, slcohols, acetylene, hydrogen,

amimonis, ant sulfur), reducheg sgents, and findy Gvided metels may sause Mees and
explosions. Contatt batween chiorine and arsenic, bismeth, boron, calcium, activated

pircarcl, hydrazine, iocing, methane, axomonosiline,
polassem, propywne, and sikcor sheudd be avodod. Chlorne reacts with hydeogen
Sufide and water to form hydrochlorc acid, and & reacts with carben moncxide and
sufur dioxide o form phosgene and sulferyl chiaride. Chlorne 5 akso Iscompatitie with
M Ure, STRden, And walter.

3. Hazardows Jdecomnpositon products: Nome reported,

4. Special precautions: Chiorine will attacik some foems of plastics, rubber, and coatings,
* Aammability

Chicrine it » son-combuaidle g,

The Netional Fre Protection Assaclalon has sssgned ¢ Naermadiity raung of O (ne fire
hazard) to chiorine; however, mest combastible materials will Burn in chlorine,

1, Flash paint: Not apphcable.

2. Autoigrition temperature: Not apglicable,

3. Fammable lim2s i air: Not applicable,

4, Extinguishant: For small fires use water 0oly; do not use dry chemical o casbhon

disxide, Contain tnd 'et large fires involving chiorine burm. [f fire must be fought, use
weter spray o fog.
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sitdes with wabsr untl well after the e B ot Sty awvay oo the snds of oonbainers.

Appataris whan Sohing Rees Inveming chisne. T b
EXPOSURE LIMITS

* DSHA PEL

Thir gurent Oeoupational and Health Admisisracion {EHA}

Saluty
anpasurE Bmul {PEL) for chioring 15 1 ppem [3 milligrams v Culbic masle [mgim3]]] a8
8 cefing vk, A worker's exposone bo chicrine shad & na time esceed this
[25 CAR 19LD. i0O00, Talse Z-1].

* NIOSH REL

The Hatonal Instruts far Ocougstional Salety and Health (NIOSH] has esabished &
recommended eaposure BmE (RFLY for chiorine of 0.5 ppm mgfmiTi) as 3 TWA for up
12 @ 10-hour workday snd B &0-Btur sodowek and & shart:teem sxpisens Ik (STEL)
af | ppm {3 mgsmi ) HNICSH 1953].

* ACGAH TLY

The American Conferencs of Governmantal Engusirial Hygenits [ACGM] has arsgnod
chiofing & threshadd [ema vadue (TLNV) of 0. Smtijﬁ‘fﬁﬂnul mw:m
A-hinr e @ 40-hour workeeek and @ short-berm enposers bmit [STOL) of 1L.O
ppm [Z59 mgtmi{ 3} for perods not 1o anosed |.-.mm-. Exgossres o ihe STOL
ConcEnration shosld nel b repeibed more s four Umes @ day sad shoeld Be
separiied by inkervals of ot lesst S0 minutes [AOGIN 1934, p. 1%].

= Aghignale for Limits

The HECESH Imits e based oo the risk of Severs &9, MUCoUS membrase and skin
lertutign [ROSH 1092),

The ACGIH hmits are based on the risk of aye sod mucces membrane rrstion [RCGH
1981, p. 3%4].

MEALTH HAZARD INFORMATION
* Agubes of Exposure

Exaqure [ erlorma £an oecus Ehrsugh inhaliben, ingritien, and ove o ikin contack
[Ganatum 1993],

= Summary of iodccingy
1. EMgets on Asimalic Chloding i & devers irrilant of the epes, miicous:

membranes,
ko, wnd lungs in experimenisd sedmals. The § Rour LO[SO) B8 230 pprm i rats and 137
ppen s erbod o [ Sa and Lewis 198F]. Animals surdving subSstial inhalalion aagosures
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for 15 ko 193 davs showed marked smplysema, shich wis ksocited wilh bronchioits
and pnewmonla [Chaytoe god Clvion 1582]. E'hlhrhhc:-ll mto thie anberior chamber
af rabiets’ ik FesuMied b simiee Samage wilh inflamemation, opecfcacion of the

ceenied, diroghy of Bhe ird, and Injury 1o the less [Grant 15848].

2. Bifects on Hyrsang; Severn scule effects of chioring moposarn in humsss hied Been

wall doowmented snce World War | whan chiorine gas was wsed a5 & chemaonl warfsne

W.mmtﬂwﬂhmmm fniry Bhe accidents rupbuf of chlafng
lung

Expaergd 00 50 ppen bl dRRgErous, Bnd Bxpacuned
b0 LO00 peem can be faiad, ewen H expotsers i brief [Sex and Lewis 1999; Claybon and

average of 10.9 years was published in 1970, AN Bet px workers had esposures below 1
pem; 21 had TWAS above 052 ppen. NO evidence of permandnt Iun) Jamlge was

fosgrid, Bt 0.4 percent had abnonmal B0 compared bo 8.7 percent ia the contral
roup. The nodesos oF TR e WES JIERIRT Bmig e sdpotsd abvee 0.5 ppm
[AOGIH 1891]. bn 1901, & udy was peblished imvgleing 29 seitects expined o
chlaning ConCENDNUINAS up b 200 ppen Tor 4~ 8nd 8-hour perksds. Exposares of 1.0 ppm
for B hours prechuced sfslistically sigrificant chesges & pulmaonery ferssttion tat wen
net sgerved at & 0.5 ppm sapisune coamsenirabion. Siv of 14 subjects caposed 12 1.0
pom Far B hours shompd inCrossed MotDes SECTEToes Iroem the nosa &nd in the
Rypapharysa, Beipias for nsabions of Eching & Burning of the nots and oyer, &5d
ganersl dacomiot were nol severs, bul sens serceptible, aspecisly st the 1.0 pom
axpopurg el [ACGHH 190L], A 1963 study of peimanary fusclicn 8 low concentrationy
of chigrive expeese Ao Towsd ransent Sscmesses in pulmonary funchion st the L0
P Expogud ], bul fol 88 e OUS ppen level [ACOOH 10951). Ml{wllﬂﬂ-
gl g e chiorine fow long peviods of
e Toobh erame! damags

ponfirmed cidse of mysdthenka H’Mlm#mmmtﬂm 1995],

* Sigrs andd pympboem. of exgosure

1. Aéule expidure: Acube snpoiune Bo low levels of chiorine results in eye, nose, and
thireat EFER b, SNeer, EX0essye sabvalion, peners] ecitament, has reark-atneie.
Higher concentralions. cauiss Gilfioelty in bresthing, violend cobghing, nauses, womeing,
CRanomis, dizsngss, headache, choking, larysgesl adama, Jculs Irechaabeonchitis,
chemical prsamanis, Conbact with the Bguid can result in Posttite bums of the skin and
e [Ganium 1HIZ).

i Chrotle axpodunt. Cheofic g poiunl 80 oo b of chiorns gant can risull in @
dermatitis known 33 chiceatne, baoth enamal conrosion, coughing, sevese chest pan,
sorm [Rroat, hemoptysis and increated susorptisiiy b tubsroslosin [Gemum 1997

EMERGENCY MEDICAL PROCEDUSES

* Creergency mediced prooederess [RIOSH B supsly]

5. Restua! Remed an inchpaciiabed wrker from foribar exposyre o prplemint
procedures &g, thoxe ished on the Haleral Salety Dain SEeei

approprisbe emengency
regered by O3HA'S Hagand Communation Sandiend |39 OFR 1910, 12001 ), Al workers
eculd be femiliir wilh smangency procedores, the locsticn and proper use of
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EnEgEecy equipment, and methods of protechng teemeeives Suning reEScuE operatens.
EXPOSURE SOURCES AND COMTROL HETHODS

Thie Tolowing oparacions mey imvoive chisding ard lned wn sofsr iposunestn this
pbiteroe

* The maspciyne and Lranfgariation of cRlgrine

Uig &§ & chloringling ehd Sald Eing Sgant m orgaie and narganis iymitaia; in the
ranufsctore of chicrinaied auimmolive a0 Breeze &6l anunock

salwents,
polyrers (syrihelic rubber and plastics], resing, elistomen, pesticdes, refrigemants,
anid i ths manulsciise of rechet fusd

e ag 8 Mudsg, purdication, and extracicn ggen b cmtallungy

Use 8 5 bacterasent, diginfectant, odor coatnel, snd demalbcfer in ireakimeal of
deinking water, swimming pools, snd o sewsge

U in the paper and pulp, Bhd baxtile industnied for lesching callelohs for arficl
Flpra; UG in the manulsiiore of chlonnated Bme; obe i detinning lad SERNCIAQ o
wee ko shrink-prool wool

Uz in the manufactere of pharmaceubicals, cosmaties, lebeicants, Nameproofing,
ahesives, Is special hattedes containing Behiym o pine, and s Iydrsslic Auids; uss in
ihe processing of maat, fish, epetaties, and Ml

Lite 5 Blabthisg SRl chemsing SOESTS, 524 34 & SRAMSCLIAE I lbudrisd, dithmiihied,
tlmaning peswdary, cheanmg diiry #q e, and bi { reliokoun

Malhods that are effective in controlling worker expesures B0 chiorine dependng on e
fapdabiley of Isplamestalion, ang s Tolioe:

= Proceds enckasure Local prhaust vintiatian Gessesd dilution vantistion Personsd
probictivie agqiipmant

Workers responding o & relesse of pobentis] melease of o harandous subsTance must b
probected st raquired hy parsgraph (g} of G5HA's Mezsrdous Waste Cigerations and
Emegency Resporse Standend |28 OFR

Good soirres of informanon sboul control methods ane &5 follows!

i .'IE'G'NIIH?I Indurtrial wansilation—a missal of recoreended praciice. J1et od.
ncinnati, OH: Amarican Cenference of Govammental Indastrisl Hygnniss.

2. Burton O 11986]. Industrial wentilslies--a seif study compeakon. Cndcnne, OH:
Arraricen Corderence of Govermmental My genists,

3 Riden I, Kane B [1982). Design of indusirial ventilston systems. Kew Yook, Ny
Ingeanral Praas, Do,

d_ 'Wadden

%. Piog BA [1588], Fundementsls of indesirial hygiene. Chucago, [L: National Safety

Schall BA [1587]. Erginesring design fod contrgl of workpleoe hazards,

e aafutic gL TE i

MEDICAL SURNEILLANCE

OeSHA s currently develeging requinemants for medicsl surveillangs, 'Wien thise
nu;mﬂmmd.mm refar bo then far sddibons Efoemstion

Setarmnit wisi®r employns whons employecs sny expoded Bo chitrine sm
required to implement medicel surveifance procedunes,

= Medicsl Soneening

Waorkieri wha My be exposad 15 chemical harseds should be monkored In a sysiemabc
program of medical survgilance Mﬂ-mmhmmﬂ Ejury and
duseane, The progres showdd include educabon of amployers srd sorkers aboot
work-ralated hazscds, aaily delecion of sdverse health eifects, aod mfersl of worken
Tar dagnad aad Erealment. The comrmenoe of @sease or other work-relsfod adverse

shoubt o cerfemed (1) E=efors job pRacement, peradically durng the term of
employrnent, and (1) ot the b of job transfer or berminabion.

* Preplacement mescal evalustion

Bafare 3 worker 15 placed it & il & Tar 15 chlaned, & Reanisd
mmmlmpfmu ﬂmmmww:mmn
idtores, & physical
fer e antacipaied
secupgationsl dskd. Thiais dhould Seddeslrabe 6o The -I-I'Idl'rtlil‘l'rﬂﬂ'll-ﬁrl..
eyes, teth, seapiratcry syslem, and cardicyesculer wystem, Medica! surseBance Tos
mﬂnﬁhmﬂmﬁhﬂmﬁﬂ thi principles nd methods
recoimimended by the Amencan Thorachs Sty

& preplacerant medical Eaahabon is retommended to apaess Sedical ondtises tha
muy b dggrivabed or My resul in incmeacsd sk wien 8 worker b5 exposed bo Chissing
BE o Baloey thi practibed Expiauns [l Tha haalth dené professlocdl should consider
tha probatle frequency, inbensity, and durstion of exposune 35 well a5 the aslune and
dagred of any applichbs madical coodibion, Such onditiorswhich should not e
regarded & abeolube contraindhcitiang i fob plectment ) Rcksde a hilery bl other
fordings contistent with diseptes of the ykin, syew, teeth, respirsbory system, or
FFFEM

* Pericddic madical gvplsationg

Dotupatioeal MTM mrﬂmmmmupmﬂ::
nagular inlervals dusing emplogment parksd, 34 mksdabed by any sppicable Federal,
Slate, &r loia! standard, mrmﬂnnduﬂlﬂ!-#ﬂulluﬂ.ih

EvalsEtiong fAauld be coeducsed gvery l-bllimﬂtilfr‘nrﬂgum
by an exgerienced ocoopabonsl realkth physicinm. AddRionsl xirnnatons iy bh
PpCRARry ¥ B wivken davelops sbtrisgtella bo chigries axposure. The

cendiovastolar Tysiam. Curment MWM'HMHI'HHH-M
Béalth fatui of tha Sdniidual worker or with expected values for & sudtable referonce
population.

* Terminalion madical evalaations

TP TTE Y E A S 2t
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eanmisation, snd selesisd HMHHWMM ware conducted i the
tirma of placement shieid be egeated at the time of b ransfer or ferednation i
determing Tthe sokers medical staius ot the ans of s oF R Smpoy messt. Ay
wil i thiy vedeknr'y Paaith afus dheuld be tompared with those sxpecied for &
redprence popsdation,

" Miodagical monikoring

Bitoge sl mcritering wwolves samaing and Bnabyzing body Bissuss or Muids o provide
o ndex of exposunt 10 @ Dowle fulbslance or merabalng, No bislopesal manilosng Dest
wooesiaible for rogbine use has yet been develoged for chiorine,

WORKPLACE MONITORING AND HEASUREMEMT

mmu:m-wmmmum-nqmw
g Realsdyler |MIGE] coritaining a 0,1 percent solotion of sufamic scid. Samples anre
colecoed at & mesimum fow res of §. QMMIMIHMMM
o 15 Mprs b colected for shar-berm (STEL or osling ) spenples, or J00 Wers &

Tuly validaned, NIDSH PMathed Mo, 8001 {for chloiine or bramine) can alio Be used for
the determinstion of & worker's sxposune Bosirboene chieine. This method regoines

sample collgction on @ silvermambrass Mibar using Mow rakes of batwieen 0.1 snd 1.0
huﬁmnum:nwmm

IF chisrise contaos thi skin, workers @50uld Muih the affecisd amalmmaiately wah
panty ol waber, fallovwed by washing with sosg and waber,

Clgthing cordamimated wesh chionine shauld be removed Immedisiely, and prosistons
Ehowld b made b the fale memavil of Thip chemical from Ehe clething. Pearion
laundering the cothes shogld be informed of the hacsrdous properties of chiorine,
particulasly Bs patential for Chiging sevend Lritalion 1o the aves. Skin, snd Mt

iy woriusr who handlés chionng should \Borssghly mikh hands, b airms, s o with
sasp and waber before esting, using tobacco products, using tofet faciinies, appiving
COESITHETRCS,. o ERiineg msdcabn.

Wirkars should ol eal, dank, e tobacos produchl, spply oosemetics, or take
mmedieation in grass whare chicrine of & Scluton conthiniesg chisnng £ hiesded,
PrOCERESS, o Flond.

STORAGE

Chilzrita shocld bo stored in 8 oo, dry, well-venblsted srea in bghtly sealed conteners
fhet are labeied in pooondfance with DSHA'S Hazend Coevmusication Standard [ 20 COFR

calgium, mwumuwmmhmm mathene,
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oxirmonos lise, polissiom, propyiens, slicon, hydnogen selfide sad water, cardan
mranbeds a6d sulluf Soxide, monbuid, Mes, afd wiler. Workers bandling and
mmm-ﬁ#ﬁqm. andtank wagons ghould receive special Eaining
in starafard safety procedures for kandling compressed oorrosode GRses. Al pipts Bred
esnlsinmant csed fer chipnine service thould be regularly imapected sod fnsted, Drgly
cenbsners of chiorine shoul] Pave sscured profective covers on Cheir velves and should
B hanfied appropriately,

SPILLS AMND LERKS

En e gvank of & pill o leak mm. FEriang S wepring profeclivg
equipment @d fuly-encapsulating, veper-protective clobhing shoadd be restriched from
genbarsinaled lrl'l'lllﬂ‘tﬁ_.ﬂﬁﬂ bewn cirmglutnd, The follewing iMeds should be
underisimn following o spill o leak:

1. oty safely persbarsl.

2. Remees mll ioresn of Baal @ad ignitian,

3. K all combuitibie [wood, papar, o, eic. ] sway from the lsak.

A, Verdilite patentully explosive simoiphems

5. Evacuate Bhe apll area for of least 50 fesl m 8l diections.

6, Find s stop the lesk i this can Be done withoust risk; & not, maove thes lesking
COALANET 10 b HOSbed anta unl girs has duipersed. The dyinder may b slicwed 1o
empty Buvough & reducing sgenk such a3 sodipm biguifide snd sodem bicarbonate,

7. Uss walsd Spray 0o iddule vagard; 40 nd jul wilber diresily on the lsak or spill area,
SPECIAL RECHNREMENTS

LL5. Erwirenmantal Prebection Agency (EFA) reguiremints for smargency plissing,
repariable geantites of Barardoes relapses, communily rigit-lo-know, and hacardous

WaSHE TUEQETENL My CARGE Dver lime, Usersdoe therelans adwvidd 1o SEteeming
parmdicalty whether nesy information & svailabls.

* Erarpency plardeng regi reTants

EM{iberie s rvfrilg] oF B Tcilty Al whikh 1B8re aed 100 phunds of Mo af
mmmﬁrmmp&mmmm [0 CFR Pt
355.30].

* Raportable quantity nigul nementl Far hapirdous releasi

A Parargiog substence redease |3 defined 5y EPA a5 ey spilling, kaking, pumping,
pOWNNg, EMitheg, emeying, discharging, injecting, escaging, laschisg, Mpun..u
dilponting inba the erwircnmientnduding the sbesdonment or discardieg
mhmﬂmﬂmmldmﬂﬂulm“mﬂumﬁammnu
absve 1he regertable guantity for 15k chamical, emeployers are requined Eno notily the
proper Fegeral, SEate, and loosl suthargies (40 CFR

The meportable guistity of chigring s 10 poungy. Bf an amount squed to or grester than
this quanbity ks releasad within @ 24-hour pariad in & mannas thit wil eagase pariom
outiida tha facilty, employers are nequined o &a she following:
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Robify Ehe Nationa! Respoonss Coster immediately ot (S00) or ot (202) 426-2675 n
Washingtan, DG [40 CRR 302.6), Naolify 1he emenjency rekponse commission of the
emergency coordinabor ba the lkcal emengency planning committee {or relevant locsl
B RBnCy FiDnks pacgOnnel] of any brok Beely b0 B alfecied By D rolease [0

CFRt 355.40]),
* Cammunily Aghi-10-knoe rogurements

W-ﬁmrmm i SIC codms 20 bs 30 that empley 1D or mong
that manufactwre 25,000 pounds oF mors of Chiofing per calendar year or
m“lmehurmn#Mmelnmwm
[40 CFR Pam 372.30] b subeit & Teowke Chevical Faslease [nvenbory Tomn [Form 8]
EPA reporting the amount of chioring amitted cr refessed from their fadiny soeeaity,

* Herandous washe management reguinemanis

EPA consaders B wadte bo e harandous B K exnibits avy of the foloming cherscherisbos:
igninwhiliny, cosredivity, rARSTVEY, O oaSSly a4 defined in &0 CFR 361 31-261 4.
Under it Besource Consarvabon and Asoovery ket [RORA) [&0 ST 5901 #i oeq. ], 58
B ipprificaly ligted many chemicsl wastes o hasirdow, Allfgugh chlgnne i nat
specificaly kwied &5 a waste under RLCRA, EPK requines smployers. ba Ereat
vt g hachsdond I it gchibild any of tha charkdtpistic discuised abive,

datailed abaut the rermoval and dispaial of ipecilic chamicel &
ey the scope of this gukdeline. Tre U.5. Degariment of Transporiation, EPA, and
Stabe and kecal regulations should be followed o ensune fhat remeal, ramport, and
dspasal of this subsiance e conducted in acoordance with axiafing regulsbons. To be
pertain that chemical waste dasosal mests [PA
Ahould addnEs iy quethiong o the ORA Bstlne &t (703) A12-0810 [ tha
Washington, D.C, lm:lur'l.wh-!rn Bt (B0 234004 [cutside Waskingten, DUL.). In
Bdditios, redevant Stabe and Fremgld

lCal asthonlies b coftached e informatesn on Sny
reguiremests they may have for the washe remaval snd dagosal of this substance,
RESPIRATORY PROTECTION
* Conditions for pecpliraton use

Good indusirial hygens practoe requines that engmeerng conbaols be used whee
Teagizlp to redicor werlplace concanirations of hazardous maberisls fo 1ha presoribed
enposure Bmil. Hosenar, some situabons may requine the ose of resplrabors W control
eapoiurs. Apspialon must be wom if the smbient condenbration of chiodne eready
e it Hemils. Respiraiors may B2 wned (L) before enginesding conbroks
hiwsr beisan 1 dur il ik ApETalens Suth bf MAIMEREtSS & FeS80 Sclitiad
that invilig uiiniown Bxpddered, {1) durng cperationg thal regquire enkry inte ek or
choed wessels, and [4) dufing emerpenses. 'Workers should saly usa
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deternsing i effeckireness i presecking dermal condact. Safety showers and eye wash
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Working Safely with Chlorine

How can | work with Chlorine safely?

. the fire & xplosi OCH |

* s Chiorine stable when exposed 10 air, moisture, or heat?

. P T

* Does Chlorine have an odour threshold (at what level can [ smell it)?
* s the odour of Chlorine reliable as a waming property?

. 1 ine s ?

aWhat is the American Conference of Governmental Industrial
Hygienists (ACGIH) recommended exposure limit for Chlorine?

TIME-WEIGHTED AVERAGE (TLV-TWA): 0.5 ppm (1.5 mg/m?) - Carcinogenicity Designation A4
SHORT-TERM EXPOSURE LIMIT (TLV-STEL) : 1 ppm (2.9 mg/m?) - Carcinogenicity Designation A4
TLV Basis - CRITICAL EFFECT(S): Irritation

CARCINOGENICITY DESIGNATION A4 - Not Classifiable as a Human Carcinogen: Inadequate data on
which to classify the substance as a human and/or animal carcinogen.

NOTE: In many jurisdictions, exposure limits are similar to the ACGIH TLVs. Since the manner in which
exposure limits are established, interpreted, and implemented can vary, obtain detailed information from
the appropriate govermnment agency in each jurisdiction.

»What are the fire and explosion dangers associated with
Chlorine?

Chlorine does not burn. However, chiorine is a strong oxidizing agent and poses a serious fire and
explosion risk because it promotes combustion, like oxygen. Most combustible materials will ignite and/or
bumn in chlorinc atmospheres, forming irritating and toxic gases. Containers or cylinders may rupture
violently due to over-pressurization, if exposed (o fire or excessive heat for a sufficient period of time.
Intense local heat (above 200 deg C) on the steel walls of chlorine cylinders can cause an iron/chlorine fire
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resulting in rupture of the container. Chlorine gas is heavier than air and will collect and persist in pits,
hollows, depressions, and other confined or low-lying areas.

als Chlorine stable when exposed to air, moisture, or heat?

Chlorine is normally stable. It reacts with water to form a corrosive solution of hydrochloric acid and
hypochlorous acid, which can decompose to chlorine, oxygen and chloric acid.

aAre there any conditions to avoid when using Chlorine?

Temperatures greater than 121 deg C, moisture

2Does Chlorine have an odour threshold (at what level can I smell
it)?

Reported odour threshold values are inconsistent. 0.08 ppm (detection). Other reports give the odour
threshold as 0.2-0.4 (method not given).

als the odour of Chlorine reliable as a warning property?

NOT RELIABLE - after repeated exposures, olfactory fatigue, olfactory deficiency and tolerance to the
irritating effects may occur.

aHow can 1 work with Chlorine safely?

This material is a VERY TOXIC, CORROSIVE, COMPRESSED GAS. It is also a STRONG OXIDIZER.
Before handling, it is extremely important that engineering controls are operating and that protective
equipment requirements and personal hygiene measures are being followed, People working with this
chemical should be properly trained regarding its hazards and its safe use.

If chlorine is released, immediately put on a suitable respirator and leave the area until the severity of the
release is determined. In case of leaks, escape-lype respiratory protective equipment should be available in
the immediate work arca.

Immediately report leaks, spills or failures of the engineering controls. Facilities for the emergency
disposal of chlorine from leaking containers should be provided in areas of use.

Unprotected persons should avoid all contact with this chemical including contaminated equipment. Be
aware of typical signs and symptoms of peisoning and first aid procedures. Seek medical attention for all
exposures even if an exposure did not seem excessive. Symptoms of a severe respiratory injury can be
delayed. Any signs of illness should be reported immediately to supervisory personnel.

Consider using a closed handling systems for processes involving this material. If a closed handling system
i% not possible, use the smallest possible amounts in a well-ventilated area separate from the storage area.
Prevent the release of gas into the workplace air. Consider the installation of a leak detection system with
an alarm.
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This material is highly reactive. Do not use with incompatible materials such as ammonia and hydrocarbon
gases (e.g., acetylene, ethylene).

No contact with materials which can bumn. Eliminate all ignition sources. Post "NO SMOKING" sign in
area.

Maintain handling equipment. Prevent leaks of grease or other lubricants from equipment where this
chemical is used. Do not handle cylinders with cily hands. Do not allow contact with materials such as
cleaning solvents, painis or thinners.

Inspect cylinders for damage or leaks before handling. Use the type of containers recommended by the
manufacturer. Use corrosion-resistant transfer equipment. Regularly check storage tanks and transfer
equipment for evidence of corrosion or leakage. Below 121 deg C (250 deg F), iron, copper, steel, lead,
nickel, platinum, silver and tantalum are resistant to dry chlorine gas or hiquid.

Do not heat compressed gas cylinders. Cylinder temperature should not exceed 52 deg C (125 deg F).

Leave cylinder cap on cylinder until cylinder is secured and ready for use. Always secure cylinders to a
wall, rack or other solid structure in an upright position.

Use the appropriate pressure regulator. Ensure equipment 18 compatible with cylinder pressure and
contents. Follow supplier recommendations. Before connecting the cylinder for use, make sure that back
feed from the system into the cylinder is prevented.

Do not open cylinder if damaged. Never use excessive force when opening. Open cylinder valve slowly to
prevent rapid decompression and damage to valve seal. Keep cylinder valves clean and free from
contaminants {particularly oil and water). Make sure valves on gas cylinders are fully opened when gas is
used. Open and shut valves at least once a day, while cylinder is in use, to avoid valve freezing’.

Shut flow off at cylinder valve and not just at the regulator after use. Replace outlet caps or plugs and
cylinder caps as soon as cylinder is disconnected from equipment.

Make sure cylinders are labelled clearly. Avoid damaging cylinders. Move cylinders by hand truck or cart
designed for that purpose. Do not drop cylinders or permit them to bang against ¢ach other. Do not lift
cylinders by the cap or with a lifting magnet.

Keep empty cylinders under slightly positive pressure. Do not use cylinders as rollers or for any other
purpose than to contain the gas as supplied.

Follow handling precautions on Material Safety Data Sheet. Have suitable emergency equipment for fires,
spills and leaks readily available. Practice good housekeeping. Maintain handling equipment. Comply with
applicable regulations.

aWhat can be done to control hazardous conditions?

Engineering methods to control hazardous conditions are preferred. Methods include mechanical
ventilation (dilution and local exhaust), process or personnel enclosure, control of process conditions, and
process modification {e.g., substitution of a less hazardous material). Administrative controls and personal

protective equipment may also be required.
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Because of the high potential hazard associated with this substance, stringent control measures such as
enclosure or isolation may be necessary. Supply sufficient replacement air to make up for air removed by
exhaust systems. Systems must be kept "dry" to prevent metal corrosion.
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CHLORINE

Substanca

Formula

Physical
Properties

Cdor

Vapor Density

Vapor
Pressure

Toxicity Data

Major Hazards

Toxicity

Chigrina
CAS 7782-50-5

Cly

Greenish colored gas or amber liquid
bp -34.1 °C, mp -101 °C

Slightly soluble In water (0.7 g/100
mL)

Highly pungent, bleach-like odor
detectable at 0.02 to 3.4 ppm (mean
= .08 ppm)

2.4 (air= 1.0)

4B00 mmHg at 20 ®C

LCeq inhal (rat) 293 ppm (879
rng,.n’mj'; 1h)
PEL {OSHA) 1.0 ppm (3 mg}'mal

TLV-TWA (ACGIH) 0.5 ppm (1.5
m-gu’m‘a}

higpetiwww Rhmborgisciepcefabanfef casloss22 himl

STEL (ACGIH) 1 ppm (2.9 mg/m>) ek 7o “spmare g

Highly irritating and corrosive to the
eyes, skin, and respiratory tract;
reacts violently with readily oxidized
substances.

Chigrine is a severe irritant of the
eyes, skin, and mucous membranes.
Inhalation may cause coughing,
choking, nausea, vomiting, headache,
dizziness, difficulty breathing, and
delayed pulmonary edema, which can
be fatal, Exposure to ~500 ppm for
30 min may be fatal, and 1000 ppm
can be lethal after a few breaths.
Chlarine is highly irritating to the
eyes and skin; exposure to 3 to 8
ppm causes stinging and burning of
the eyes, and contact with liquid
chlorine or high concentrations of the
vapaor can cause severe burns.
Chlorine can be detected by its odor
below the permissible limit; however,
because of olfactory fatigue, ocdor
may noet always provide adequate

4279 w01 AM



HHMI Lab Safety: LCSS: CHLORINE

2afd

Flammabllity
and
Explosibility

Reactivity and
Incompatibility

Sterage and
HandHng

Accidents

warning of the presence of harmful
concentrations of this substance,

Chronic exposures in animals up to
2.5 ppm for 2 years caused effects
only in the upper respiratory tract,
primarily the nose. Higher
concentrations or repeated exposure
has caused corrosion of the teeth.
There is no evidence for
carcinggenicity or reproductive or
developmental toxicity of chlorine in
humans.

Chiorine is noncombustible but is a
strong oxidizer and will support
combustion of most flammable
substances.

Chiorine reacts violentiy or
explosively with a wide range of
substances, including hydrogen,
acetylene, many hydrocarbons in the
presence of light, ammaonia, reactive
metals, and metal hydrides and
related compounds, including
diborane, silane, and phosphine.

Chiorine should be handled In the
laboratory using the "basic prudent
practices" described In Chapter 5.C,
supplemented by the procedures for
work with compressed gases
discussed in Chapter 5.H. All work
with chlorine should be conducted in
a fume hood to prevent exposure by
inhalation, and splash geggles and
impermeable gloves should be worn
at all times to prevent eye and skin
centact. Cylinders of chlorine should
be stored in locations appropriate for
compressed gas storage and
separated from incompatible
compounds such as hydrogen,
acetvlene, ammeonia, and flammable
materials.

In the event of skin contact,
immediately wash with socap and
water and remove contaminated
clothing. In case of eye contact,
promptly wash with copious amounts
of water for 15 min (lifting upper and
lower lids occaslonally) and obtain
medical attention. IF chiorine is
inhaled, move the person to fresh air
and seek medical attentlon at once.

In case of accidental release of

hitp: v bhoni orglecience/ahsafe/caslcxs22 html
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chlorine gas, such as from a leaking
cylinder or associated apparatus,
evacuate the area and eliminate the
source of the leak if this can be done
safely. Full-face supplied-air
respiratory protection and protective
clothing may be required to deal with
a chlorine release. Cylinders with
slow leaks should be carefully
removed to a fume hood or remote
outdoor locations. Chiorine leaks may
be detected by passing a rag
dampened with agueous ammonia
over the suspected valve or fitting.
White fumes indicate escaping
chlorine gas.

Disposal Excess chlorine in cylinders should be
returned to the manufacturer for

dispos=al.

The infarmation in this LTSS has beer compiled by a
cammittee of the National Resgarch Council fram
literature sources and Material Safely Data Sheels and
is balieved to ba accurate 2s of July 1994, This
summary is intended for use by trained laboratory
persannal in conjunction with the MRC report Prudent
Practices in the laboratory: Handling and Disposal of
Chemicals. This LCSS presents a conclse summary of
eafety information that should be adequale or most
laboratory uses of the tite substance, but In some cases
it may be advisable to consult more comprehensive
refercnces, Thks information shouwld not be used as a
guide to the nonlaboratory use of this chemical.

Copyright® 1995 National Academy of Sciences. All

rights reserved.

hopatfuesow hhmisorgiecienctlabeafalesaless2. aml
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OSHA comments from the June 19, 1988 Final Rule on Air Contaminants Praject extracted from
S4FR2324 et. seq. This rule was remanded by the U.S. Circuit Court of Appeals and the limits are not

currently in force.

CHLORINE
CAS: 7782-50-5; Chemical Formula: Cl,

The previous OSHA limit for chlorine was | ppm as a ceiling limit. OSHA proposed to revise this
limit to 0.5 ppm measured over 15 minutes, which was the limit recommended by NIOSH (19760WEx.
1-276) in its criteria document; NIOSH (Ex. 8-47, Table N1) concurred with the proposed limit. However,
the final rule establishes a PEL of 0.5 ppm TWA with a 15-minute short-term exposure limit of | ppm for
chlorine. Chlorine is a greenish-yellow, noncombustible gas at atmospheric pressure; it has a suffocating
odor. At -35 C, it condenses to an amber liguid.

Exposure to chlorine at concentrations around 5 ppm has been associated with respiratory symploms,
crosion of the teeth, and inflammation of the mucous membranes (Flury and Zemik 1931</Ex: 1-1199;
Patty 1963c/Ex. 1-854). Ferris, Burgess, and Worcester (1967/Ex. 1-316) reported slight effects on the
respiratory system in workers exposed to chlorine concentrations ranging from negligible to 7 ppm. Rupp
and Henschler {1967/Ex. 1-1122) reported burning of the eyes among human subjects exposed to 0.5 ppm;
an unspecified number of these subjects reported painful eyes after 15 minutes' exposure to this level. [na
separate test, subjects reported respiratory irritation on exposure to 0.5 ppm, and a concentration of 1 ppm
was described as being uncomfortable,

At the time of OSHA's proposal, the limits adopted by the ACGIH were a 1-ppm TLV-TWA and a
3-ppm TLV-STEL; these limits were based on the reports described above and were established to
"minimize chronic changes in the lungs, accelerated aging, and erosion of the teeth" (ACGIH 1986/Ex.
1-3, p. 117). NIOSH (1976b/Ex. 1-276) reviewed these studies, as did others (Matt 1889, as cited in Flury
and Zernick 1931¢/Ex. 1-1199; Beck 1959, as cited in NIOSH 1976b/Ex. 1-276) that reported ocular and
respiratory irritation associated with exposure to chlorine levels of around 1 ppm for 30 minutes or less.
NIOSH (1976b/Ex. 1-276) recommended a 15-minute (.5-ppm limit to prevent possible eye and
respiratory tract irritation.

The United Paperworkers International Union (UPIU) (Ex. 8-37) cited the NIOSH Criteria Document
(Ex. 1-276) and ACGIH Documentation (Ex. 1-3) as evidence that exposure 1o 0.5 ppm chlorine causes
respiratory irritation. The UPIU also submitted several studies indicating that decrements in pulmonary
function may persist for several days or weeks following acute exposure to concentrations of chlorine
requiring medical treatment. In addition, the UPIU cited a number of studies indicating that pulp mill
workers and chlorine production plant workers experience declines in pulmonary function as a result of
chronic exposure to low levels of chlorine (Ex. 8-37); however, interpretation of many of these studies is
complicated by a lack of exposure data or the presence of confounding exposure to other respiratory
toxins, such as sulfur dioxide. The UPIU (Ex. 8-37) supported the promulgation of a 0.2 ppm limit for
chlorine.

In 1986, the ACGIH proposed revising the TLVs for chlorine to 0.5 ppm as an 8-hour TWA and 1

ppm as a 15-minute STEL. This proposal was based on a review of two recent studies. One study, a 1981
doctoral dissertation by Anglen (Ex. 108A), was sponsored by the Chlorine Institute and was conducted on
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29 human subjects. This study reported statistically significant changes in pulmonary function and
subjective irritation resulting from exposure to 1 ppm chlorine for eight hours. No significant ocular
effects were noted at this exposure level and duration. Exposure to 0.5 ppm for eight hours was not
associated with significant declines in pulmonary function, and subjective irritation was also less severe at
this level than at 1 ppm (Anglen 1981, Ex. 108A). During the eight-hour exposure to 1 ppm, sensory
responses of itching or burning of the throat were reported to be "just perceptible” or "distinctly
perceptible.” A short-term (30-minute) exposure to 2 ppm produced no increase in subjective imilation
compared with controls.

These findings were confirmed in a study of eight healthy volunteers exposed to 0.5 or | ppm chlorine
concentrations (Rotman, Fliegelman, Moore et al. 1983/Ex. 108B). Significant declines in pulmonary
function were associated with exposure to | ppm but not to 0.5 ppm.

The Chlorine Institute (Ex. 3-828) described a recent animal study conducted by the Chemical
Industry Institute of Toxicology (CIIT). In this study, groups of 20 rats were exposed 1o 1, 3, or 9 ppm
chlorine for six hours/day, five days/week, for six weeks. Exposure to the two highest levels resulted in
significant decreases in body weight. Inflammation of the upper and/or lower respiratory tract was
observed in the 9-ppm group and, to a lesser extent, in the 3- and 1-ppm groups. Pathological and clinical
changes were not observed in the 1-ppm group, but were secn in the 3- and 9-ppm groups.

Several rulemaking participants urged OSHA to adopt the more recent ACGIH limits of 0.5 ppm
TWA and 1 ppm STEL (Exs. 3-677, 3-741, 3-828&, and 3-1150; Tr. pp. 10-165 to 10-170; Tr. pp. 10-178 1o
10-180). For example, the Chlonne Institute commented as follows;

The imposition of an instantaneous ceiling PEL is inappropriate.
The Chlorine Institute's University of Michigan and CIIT studies
demonstrate conclusively that sensory effects and adverse pulmonary
function effects are directly related 1o prolonged chlorine exposures
and are correctly controlled by a PEL expressed as a Time Weighted
Average (TWA).... The Chlorine Institute supports...[the ACGIH
limits] as the correct PEL for adoption by OSHA, and we submit that
the evidence 15 conclusive that such a FEL is totally protective of
worker health in chlorine-producing and chlorine-using industries
(Ex. 3-828, p. 3).

In its posthearing comment, NTOSH (Ex. 150) reaffirmed its recommended TWA of 0.5 ppm as a
1 5-minute limit, based on the findings of Rupp and Henschler (1967/Ex. 1-1122):

The studies of Anglen (1981) and Rotman (1983), as summarized by
the ACGIH, if considered alone, would support the ACGIH TWA TLV of
0.5 ppm with a STEL of | ppm. However, in the studies of Rupp and
Henschler (1967), exposure to chlorine at concentrations of
approximately 0.5 ppm resulted in conjunctival pain in several
subjects after 15 manutes; in their second study, subjects reported
respiratory irritation after exposure to 0.5 ppm for 25 minutes....

The Rupp and Henschler study (1967), although it has been criticized
for lack of a control group (Ex. 3-685) confirms the Anglen (1981),
Rotman et al. (1983), and CIIT studies (Ex. 3-B28) that there is a
significant risk of irritation and a risk of respiratory inflammation at
the present PEL of 1 ppm ceiling. Reduction of the current PEL to 0.5
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ppm ceiling will reduce the risk of respiratory irritation and
pulmonary function changes, and minimize the subjective complaints of
irritation (Ex. 150, Comments on Chlorine).

The Dow Chemical Company submitted a critical review of the NIOSH (1976b/Ex. 1-276) criteria
document on chlorine and the Rupp and Henschler (1967/Ex. 1-1122) study that was prepared in 1979 by
Dr. Ralph G. Smith, who directed the University of Michigan (Anglen 1981) study (Ex. 3-741, Appendix
B; Tr. pp. 10-165 to 10-170). In his review, Dr. Smith criticized the Rupp and Henschler (1967/Ex.
1-1122) study because the design of the exposure facility led to uncertainties in determining actual
exposure levels present in the test room. He also remarked that the chlorine was passed through “liquid
paraffin,” which may have produced chlorinated hydrocarbons. In addition, Dr. Smith felt that the air
compressor used may have cavsed contamination of the air in the test room by carbon monoxide and other
impunties. Dr. Smith believed these observations were important “because one of the effects allegedly
resulting from short exposures (o low levels of chlorine was headaches, a symptom which we have never
had reported to us by a subject in the University of Michigan (Anglen 1981) exposures” (Ex. 3-741,
Appendix B, pp. 9-10).

After reviewing the evidence and testimony presented in the record on the effects of exposure to
chlorine gas, OSHA concludes that there is clearly a significant risk of pulmonary function impairment and
sensory irritation at the current 1-ppm cetling PEL; such effects have been demonstrated by the Anglen
(193 1/Ex. 108A) and Rotman, Fliegelman, Moore et al. (1983/Ex. 108B) studies in human subjects
exposed to | ppm for B hours, an exposure level and duration that would be permitted by the former PEL.
In addition, pulmonary inflammation has been obscrved in rats exposed daily for six weeks to 1 ppm
chlorine. Therefore, OSHA finds that it is necessary to revise its current limit for chlorine.

The human studies by Anglen (198 1/Ex. 108A) and by Rotman, Fliegelman, Moore et al. (1983/Ex.
108B) also indicate that exposure to (1.5 ppm chlorine for as long as 8 hours is not associated with
impairment of pulmonary function or significant sensory irritation; these findings are in contrast to the
earlier German reports upon which the NIOSH REL of 0.5 ppm (15 minutes) is based. However, the
German studies, in particular those of Rupp and Henschler (1967/Ex. 1-1122), appear to have had
methodological shortcomings that eall into question the finding that exposure to 0.5 ppm chlerine is
associated with significant acute effects. Therefore, OSHA judges, based on the more recent University of
Michigan study, that an exposare limit of 0.5 ppm TWA with a 1-ppm 1 5-minute STEL will reduce the
risk of irritation and pulmonary function decline in workers, and is today revising its limit for chlorine to
these values. OSHA considers the effects of respiratory irmitation and the declines in pulmonary function
associated with chlorine exposure o be material impairments of health.
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HHMI LABORATORY SAFETY

LCSS: CHLORINE

Substance

Chlorine
CAS 7782-50-5

Formula
Cl,
Physical Properties
Greenish colored gas or amber liquid
bp -34.1 °C, mp -101 °C
Slightly soluble in water (0.7 g/100 mL)
Odor
Highly pungent, bleach-like odor detectable at 0.02 to 3.4 ppm (mean = 0.08 ppm)
Vapor Density
2.4 (air= 1.0)
Vapor Pressure
4800 mmHg at 20 °C
Toxicity Data

LCs- inhal (rat) o
293 ppm (879 mg/m‘?’;';_ 1 h)

TLV-TWA (ACGIH)
0.5 ppm (1.5 mg/ni":'::l: )

STEL (ACGIH)
1 ppm (2.9 mynf.';?’l:— )
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Major Hazards

Highly irritating and corrosive to the eyes, skin, and respiratory tract; reacts violently with readily
oxidized substances.

Toxicity

Chlorine 15 a severe irritant of the eyes, skin, and mucous membranes. Inhalation may cause
coughing, choking, nausea, vomiting, headache, dizziness, difficulty breathing, and delayed pulmonary
edema, which can be fatal. Exposure to ~500 ppm for 30 min may be fatal, and 1000 ppm can be lethal
after a few breaths. Chlorine is highly irmitating to the eyes and skin; exposure to 3 to 8§ ppm causes
stinging and burning of the eyes, and contact with liquid chlorine or high concentrations of the vapor can
cause severe bums. Chlorine can be detected by its odor below the permissible limit; however, because of
olfactory fatigue, odor may not always provide adequate waming of the presence of harmful concentrations
of this substance.

Chrenic exposures in animals up to 2.5 ppm for 2 years caused effecis only in the upper respiratory tract,
primarily the nose. Higher concentrations or repeated exposure has caused comrosion of the teeth. There is
no evidence for carcinogenicity or reproductive or developmental toxicity of chlorine in humans.

Flammabhility and Explosibility

Chlorine is noncombustible but is a strong oxidizer and will support combustion of most flammable
substances.

Reactivity and Incompatibility

Chlorine reacts violently or explosively with a wide range of substances, including hydrogen,
acelylene, many hydrocarbons in the presence of light, ammonia, reactive metals, and metal hydrides and
related compounds, including diborane, silane, and phosphine.

Storage and Handling

Chlorine should be handled in the laboratory using the "basic prudent practices” described in
Chapter 5.C, supplemented by the procedures for work with compressed gases discussed in Chapter 5.H.
All work with chlerine should be conducted in a fume hood o prevent exposure by inhalation, and splash
goggles and impermeable gloves should be worn at all times to prevent eye and skin contact. Cylinders of
chlorine should be stored in locations appropriate for compressed gas storage and separated from
incompatible compounds such as hydrogen, acetylene, ammonia, and flammable materials.

Accidents

In the event of skin contact, immediately wash with soap and water and remove contaminated
clothing. In case of eye contact, promptly wash with copious amounts of water for 15 min (lifting upper
and lower lids occasionally) and obtain medical attention. If chlorine is inhaled, move the person to fresh
air and seek medical attention at once,

In case of accidental release of chlorine gas, such as from a leaking cylinder or associated apparatus,

evacuale the area and eliminate the source of the leak if this can be done safely. Full-face supplied-air
respiralory protection and protective clothing may be required to deal with a chlorine release. Cylinders
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with slow leaks should be carefully removed to a fume hood or remote outdoor locations. Chlorine leaks
may be detected by passing a rag dampened with aqueous ammonia over the suspected valve or fitting.
White fumes indicate escaping chlorine gas.

Disposal

Excess chlorine in cylinders should be returned to the manufacturer for disposal. For more
information on disposal procedures, see Chapter 7 of this volume.

The information in this LCSS has been compiled by a commitiee of the National Research Council from
literature sources and Material Safety Data Shects and is believed to be accurate as of July 1994. This
summary is intended for use by trained laboratory personnel in conjunction with the NRC report Prisden

Praciices in the Laborgiory: Handling gud Dixposal of Chemicals. This LCSS presents a concise Summary
of safety information that should be adequate for most laboratory uses of the title substance, but in some

cases it may be advisable to consult more comprehensive references. This information should not be used
as a guide to the nonlaboratory use of this chemical.

Copyrght® 1995 National Academy of Scignces. All rights reserved.
[ Carbon Tewpchlaride | Chlormolom ]

[ Lab Chemical Safety Sommares | LCSS Listing | Laboratory Safety ]
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OSHA comments from the June 19, 1988 Final Rule on Air Contaminants Project extracted from
54FR2324 et. seq. This rule was remanded by the U.S. Circuit Court of Appeals and the limits are not

currently in force.

CHLORINE

CAS: 7782-50-5; Chemical Formula: Cl,

The previous OSHA limit for chlorine was 1 ppm as a ceiling limit. OSHA proposed to revise this
limit to 0.5 ppm measured over 15 minutes, which was the limit recommended by NIOSH (1976b/Ex.
1-276) in its criteriz document; NIOSH (Ex. 8-47, Table N1) concurred with the proposed limit. However,
the final rule establishes a PEL of 0.5 ppm TWA with a |5-minute short-term exposure limit of 1 ppm for
chlorine. Chlorine is a greenish-yellow, noncombustible gas at atmospheric pressure; it has a suffocating
odor. At -35 C, it condenses to an amber liquid.

Exposure to chlonine at concentrations around 5 ppm has been associated with respiratory symptoms,
crosion of the teeth, and inflammation of the mucous membranes (Flury and Zernik 193 Ic/Ex. 1-1199;
Patty 1963¢/Ex. 1-854). Ferris, Burgess, and Worcester (1967/Ex. 1-316) reported slight effects on the
respiratory system in workers exposed to chlorine concentrations ranging from negligible to 7 ppm. Rupp
and Henschler (1967/Ex. 1-1122) reported burning of the eyes among human subjects exposed to 0.5 ppm;
an unspecified number of these subjects reported painful eyes after 15 minutes” exposure to this level. Ina
separate test, subjects reported respiratory irritation on exposure to 0.5 ppm, and a concentration of 1 ppm
was described as being uncomfortable.

At the time of OSHA's proposal, the limits adopted by the ACGIH were a 1-ppm TLV-TWA and a
3-ppm TLV-STEL; these limits were based on the reports described above and were established ©
"minimize chronic changes in the lungs, accelerated aging, and erosion of the teeth” (ACGIH [1936/Ex.
1-3, p. 117). NIOSH (1976b/Ex. 1-276) reviewed these studies, as did others (Matt 1889, as cited in Flury
and Zemick 1931c/Ex. 1-1199; Beck 1959, as cited in NIOSH 1976b/Ex. 1-276) that reported ocular and
respiratory irritation associated with exposure to chlorine levels of around 1 ppm for 30 minutes or less.
NIOSH (1976W/Ex. 1-276) recommended a 15-minute 0.5-ppm limit to prevent possible eye and
respiratory tract irritation,

The United Paperworkers International Union (UPIU) (Ex. 8-37) cited the NIOSH Criteria Document
(Ex. 1-276) and ACGIH Documentation (Ex. 1-3) as evidence that exposure to 0.5 ppm chlorine causes
respiratory irritation. The UPIU also submitted several studies indicating that decrements in pulmonary
function may persist for several days or weeks following acute exposure to concentrations of chlorine
requiring medical treatment. In addition, the UPIU cited a number of studies indicating that pulp mill
workers and chlorine production plant workers cxperience declines in pulmonary function as a result of
chronic exposure to low levels of chlorine (Ex. 8-37); however, interpretation of many of these studies is
complicated by a lack of exposure data or the presence of confounding exposure to other respiratory
toxins, such as sulfur dioxide. The UPIU (Ex. 8-37) supported the promulgation of a 0.2 ppm limit for
chlorine.

In 1986, the ACGIH proposed revising the TLVs for chlorine to 0.5 ppm as an 8-hour TWA and |
ppm as a 15-minute STEL. This proposal was bascd on a review of two recent studics. One study, a 1981
doctoral dissertation by Anglen (Ex. 108A), was sponsored by the Chlorine Institute and was conducted on
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29 human subjects, This study reported statistically significant changes in pulmonary function and
subjective irritation resulting from exposure to 1 ppm chlorine for eight hours. No significant ocular
effects were noted at this exposure level and duration. Exposure to 0.5 ppm for eight hours was not
associated with significant declines in pulmonary function, and subjective irritation was also less severe at
this level than at | ppm (Anglen 1981, Ex. 108A). Duning the eight-hour exposure to 1 ppm, sensory
responses of itching or burning of the throat were reported to be "just perceptible” or "distinctly
perceptible.” A short-term {30-minute) exposure to 2 ppm produced no increase in subjective irritation
compared with controls.

These findings were confirmed in a study of eight healthy volunteers exposed to 0.5 or 1 ppm chlorine
concentrations {Rotman, Fliegelman, Moore et al. 1983/Ex. 108B). Significant declines in pulmonary
funclion were associated with exposure to 1 ppm but not to 0.5 ppm.

The Chlorine Institute (Ex. 3-828) described a recent animal study conducted by the Chemical
Industry Institute of Toxicology (CIIT). In this study, groups of 20 rats were exposed to 1, 3, or 9 ppm
chlorine for six hours/day, five daysfweek, lor six weeks, Exposure to the two highest levels resulted in
significant decreases in body weight. Inflammation of the upper andfor lower respiratory tract was
observed in the 9-ppm group and, to a lesser extent, in the 3- and 1-ppm groups. Pathological and clinical
changes were not observed in the 1-ppm group, but were seen in the 3- and 9-ppm groups.

Several rulemaking participants urged OSHA to adopt the more recent ACGIH limits of 0.5 ppm
TWA and | ppm STEL (Exs. 3-677, 3-741, 3-828, and 3-1150; Tr. pp. 10-165 to 10-170; Tr. pp. 10-178 10
10-180). For example, the Chlorine Institute commented as follows:

The imposition of an instantaneous ceiling FEL is inappropriate.

The Chlorine Institute’s University of Michigan and CIIT studies
demonstrate conclusively that sensory effects and adverse pulmonary
function effects are directly related to prelonged chlonine exposures
and are correctly controlled by a PEL expressed as a Time Weighted
Average (TWA).... The Chlorine Institute supporis...[the ACGIH
limits] as the correct PEL for adoption by OSHA, and we submit that
the evidence is conclusive that such a PEL is totally protective of
worker health in chlorine-producing and chlorine-using industries
(Ex. 3-828, p. 3).

In its posthearing comment, NIOSH (Ex. 150) reaffirmed ils recommended TWA of 0.5 ppm as a
| 5-minute limit, based on the findings of Rupp and Henschler (1967/Ex. 1-1122):

The studies of Anglen (1981) and Rotman (1983}, as summarized by
the ACGIH, if considered alone, would suppon the ACGIH TWA TLV of
0.5 ppm with a STEL of 1 ppm. However, in the studies of Rupp and
Henschler (1967), exposure to chlorine at concentrations of
approximately 0.5 ppm resulted in conjunctival pain in several
subjects after 15 minutes; in their second study, subjects reported
respiratory irritation after exposure to 0.5 ppm for 25 minutes....

The Rupp and Henschler study (1967, although it has been criticized
for lack of a control group (Ex. 3-685) confirms the Anglen (1981),
Fotman et al. {1983}, and CIIT studies (Ex. 3-828) that there is a
significant risk of irritation and a risk of respiratory inflammation at
the present PEL of | ppm ceiling. Reduction of the current PEL 1o 0.5
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ppm ceiling will reduce the risk of respiratory irritation and
pulmenary function changes, and minimize the subjective complaints of
uritation (Ex. 150, Comments on Chlorine).

The Dow Chemical Company submitted a critical review of the NIOSH (1976bW/Ex. 1-276) crileria
document on chlorine and the Rupp and Henschler (1967/Ex. 1-1122) study that was prepared in 1979 by
Dr., Ralph G. Smith, who directed the University of Michigan (Anglen 1981) study (Ex. 3-741, Appendix
B; Tr. pp. 10-165 to 10-170). In his review, Dr. Smith criticized the Rupp and Henschler (1967/Ex.
1-1122}) study because the design of the exposure facility led to uncertainties in determining actual
exposure levels present in the test room. He also remarked that the chlonine was passed through "liquid
paraffin,” which may have produced chlorinated hydrocarbons. In addition, Dr. Smith felt that the air
compressor used may have caused contamination of the air in the test room by carbon monoxide and other
impurities. Dr. Smith believed these observations were important "because one of the effects allegedly
resulting from short exposures to low levels of chlorine was headaches, a symptom which we have never
had reported to us by a subject in the University of Michigan (Anglen 1981) exposures™ (Ex. 3-741,
Appendix B, pp. 9-10).

Alfler reviewing the evidence and testimony presented in the record on the effects of exposure to
chlorine gas, OSHA concludes that there is clearly a significant risk of pulmonary function impairment and
sensory irritation at the current 1-ppm ceiling PEL; such effects have been demonstrated by the Anglen
(1981/Ex. 108A) and Rotman, Fliegelman, Moore et al, (1983/Ex. 108B) studies in human subjects
exposed to 1 ppm for 8 hours, an exposure level and duration that would be permitted by the former PEL.
In addition, pulmonary inflammation has been observed in rats exposed daily for six weeks to 1 ppm
chlorine. Therefore, OSHA finds that it is necessary to revise its current limit for chlorine.

The human studies by Anglen (1981/Ex. 108A) and by Rotman, Fliegelman, Moore et al. (1983/Ex.
108RB) also indicate that exposure to 0.5 ppm chlorine for as long as 8 hours is not associated with
impairment of pulmonary function or significant sensory irritation; these findings are in contrast to the
earlier German reports upon which the NTOSH REL of 0.5 ppm (15 minutes) is based. However, the
German studies, in particular those of Rupp and Henschler (1967/Ex. 1-1122), appear to have had
methodological shortcomings that call into question the finding that exposure to 0.5 ppm chlorine is
associated with significant acute effects. Therefore, OSHA judges, based on the more recent University of
Michigan study, that an exposure limit of 0.5 ppm TWA with a |-ppm 15-minute STEL will reduce the
risk of irritation and pulmonary function decline in workers, and is today revising its limit for chlorine to
these values. OSHA considers the effects of regpiratory irritation and the declines in pulmonary function
associated with chlorine exposure to be material impairments of health.
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Presentation for Mar 31/98 - Corrie Kost |

Your Worship & Members of Council

I come before you this evening as a concemed resident of the District of North Vancouver. I do
not necessarily represent the views of any other organizations of which I am a member, Neither
do I claim any professional status at this hearing. | come here because I believe my interest in
property may be affected by this proposed bylaw.

[ will begin by quoting Objective 12.2 from the District's OCP
To ensure that the Port's activities are compatible with the well-being , public health
and safety, and liveability of the community.

Logic would dictate that since Council would be adamantly opposed to a Chlorine plant being
built anywhere in DNV today, it would imply that they should disallow any more development in
arcas which would put more people at risk. An undesirable business which has the potential for
widespread devastation, no matter how unlikely that possibility, and no matter how good their
record, should not be encouraged to stay. Thus I should end my presentation at what appears to
be an open and shut case decision and leave it at that. However, as past records of council has
shown, logic is not all that persuasive. So [ will continue...

Council has before it several options:

- you could adopt this bylaw (worst case)

- you could reject this bylaw (best case)

- you could adjourn, after public input, for more public meetings into matters which have to date
not been properly clarified or even reviewed by district residents. This is my next best option.
Unfortunately, | have heard that any further delays in this matter would result in the immediate
revocation of all current covenants and agreements in place between the District and the parties
seeking the rezoning of this land. I therefore fear that if this is the case, council may be railroaded
into making a premature choice on this issue, especially one which would result in the adoption
of this bylaw. Note that the choice of rejecting this bylaw still allows for future options. Some
councillors may fear that rejection of this bylaw could result in the plant reverting back to its
previous, more risky operation. | doubt that this would be allowed to happen. There are other
factors at work which would likely prevent this from happening.

This is a multifaceted issue. Some of the aspect are
-RISK ASSESSMENT

“-TRANSPORTATION

-LIVEABILITY

-FINANCING/TAXES

-ETHICS

Although [ will touch somewhat on all these I will concentrate on RISK ASSESSMENT



RISK ASSESSMENT

It would seem that after all the public meetings and the various quantitative risk analysis (QRA)
reports that both the public and council would have a full understanding of this aspect of the
rezoning issue. Unfortunately such is not the case.

All the reports suffer major defects:

-they lack the necessary scientific details required to fully understand and reproduce the results

-they fail to describe the sources, extent and magnitude of significant uncertainties associated
with the assessment.

=they lack discussion of negative societal impacts (footprint of the risks matter)

-they lack consideration of impact on future generations (i.¢ ignores sustainability)

QRA's only try to quantify fatal risks. The number of expected fatalities is simply the risk
multiplied by the population it impacts, However, Risk Assessment should not be based on
purely the number of dead bodies generated but should encompass risks to health, safety, and the
environment. All QRA's to date only address the former. [ refer Council to the Principles of Risk
Assessment and Risk Communication adopted by the US DOE ( see
htip/fwww.em.doe.gov/irm/principl.htm] and my attachment A).

The District prides itself on leadership in safety and environmental stewardship. Why are we
willing to accept district staff's recommendation that we use the minimal industry
guidelines (MAICC) to protect our human species while higher standards are used to
protect our fish. Why are we second rate?

It has not been made public what the private sector assessment 18 for this plant. Such an
assessment is no doubt done by the Insurance Industry, They are not in the business of
subsidizing Chlorine Plants and so the premiums charged would give an independent check on
how they view the risk,

It should be noted that Chlorine is one of only 12 chemical substances proposed to be examined
by the Mational Advisory Committee for Acute Exposure Guideline Levels for Hazardous
Substances (NAC/AEGL). This commitiee was formed by the EPA in 1997. For details [ refer
eouncil to url httpz//'www.micromedex.com/cmdx-c/neh-fmal3. htm

In the meantime Council may find it of interest that the LIS National Institute for Occupancy
Safety and Health 1980 "Registry of Toxic Effects of Chemical Substances" listed the following
inhalation LC,, (concentration of chlorine in air lethal to 50% of the test populations) for Human
as 840ppm/ 30 minutes (although figures as low as 500ppm/5 minutes had been reported). This
information can be found on page 22 in THE CHLORINE MANUAL - 6th edition. To repeat,
that was in 1980. The current figures are 1000ppm/2 minutes. It should also be noted that [ have
attached a document that shows that the IDHL (Immediately Dangerous to Life or Health )
concentration was reduced from 30ppm to 10ppm since the time when the QRA was conducted
by BOVAR in 1994, It thus appears that the risks in the past were substantially underestimated.
This should sound a waming bell for council to adopt a conservative approach since many of the
land uses of current OCP's were likely based on significantly underestimated risk assessments.



Various reports contain what 1 would term as incomplete, confusing, and perhaps deceptive and
misleading statements.

For example:

Page 3 of Oct 21/96 report states that the 1978 on-site inventory of up to 1780 tons has been
reduced to 550 tons since 1995, However, we are told elsewhere that on average there are now
roughly ten rail cars on site in a full (90 ton each) condition over the course of the year. This
would imply "on-site” storage of 1440 tons, not the quoted 550 tons. [ refer you to page 3 of the

July 11/97 A.D. Little report.

Question 20a asked "what is the ratio of fatalities to injuries in chemical exposure incidents?" to
which the reply was "The ratio of fatalities to injuries in chemical exposure incidents cannot be
predicied on a theoretical basis. The outcome depends on the chemical, the potential health
effects, exposure concentration and duration of exposure®. All I can say is..you know all these
elements for both injuries and fatalities... we do know the chemical right? It's still chlorine for
both right? We know the exposure concentrations and duration of exposure to determine
fatalities. So what's the hold-up?

The risk calculations were unable to provide margins of error because as it states in reply to
question 24(b) of the Sep 23/97 public information meeting "There are too many unknowns in a
risk assessment and too many variables...”. Similarly, on page 30 of the July 4/97 Bovar report it
states "The uncertainties in estimating the chance of rare events, and in projecting the effects on
human populations, are considerable.” I agree, that large uncertainties does not necessarily imply
large risks. It's just that it could. Models, are not the same as the real thing. You have only to
examine the papers presented at recent conferences, such as the Air & Waste Management
Association's 90th Annual meeting held last June on Toronto (eg. attached) Wouldn't it then be
more prudent (for staff to recommend to council) that there be an additional safety margin based
on the best guess as to what those uncertainties are?

In reply 1o a question about a scenenio that could see a manor cloud envelope the Second narrows
bridge the respondent deliberately chose to use as an example a break which was subsequently
shown to be incapable of reaching the bridge! This [ would consider an evasive response. As a
possible example [ would refer council to Figure 7 of Scenario # 2 in an attached document
(UCRL-536835).

Finally, it states in response to Q3 of the Oct 30/97 Public meeting that "people would be
exposed for less than Thour”. How do you reconcile this with published reports (eg UCRL-53685
- Emergency Response Planning for Potential Accidental Liquid Chlorine Releases - Lawrence
Livermore National Laboratory - May/86) which states "these concentrations persist over periods
of approximately two to three hours".

MNote that partial answers to the public information meetings held last September and October
were only provided fairly recently. Some information, such as the "updated" Pamphlet 74 which



illustrate downstream chlorine plots for 14 different scenarios, promised since early January, has
not yet been made available. Copies of the "outdated” versions could not be made. From these
few examples one can see that the public meetings were of an inadequate nature 1o have a

meaningful dialogue.

Since the requested information about other Chlorine plants in North America has not been
supplied, I have conducted what [ believe is a fair representative survey of the communities
surrounding 10 of the some 40 plants in existence today. The summary is shown in Table 1. Note
that the MIACC guidelines would allow low density housing in the 107 to 10 range, But what
does this mean? According to Q23 of the Sep 23/97 public information meeting this would
allow densities from 12-24 units/acre. Allowing for road overhead, let us assume a lower 15
units/acre. This represents 640* 15 ~ 10,000 units/square mile or about 30,000 people/square
mile. As one can see, no such case can be found anywhere in North America. [ can only conclude
that erther:

a) This plant is much safer than most or

b) The population densities around typical plants is typically kept much lower that the MIACC
guidelines.

I therefore suggest that "low density housing" be defined as no more than 4-6 units/acre (ie. RS3)
and not the 12-24 (ie. RM) put forth by staff.

We are of course currently speaking of land uses which do not allow a residential component,
Nevertheless, many of the proposed allowed uses would result in a substantial number of people
being exposed to an unnecessary risk. The ones that particularly concern me are ones like the
retail food outlets and restaurants. In the previous proposal, and under very similar risks, these
uses would only be allowed if the plant were to close down. It was never stated that anything
short of that would remove such a restriction. Now we have a revised bylaw which lumps them

into the same pot.

Without hopefully being accused of being an environmental Chicken Little, I will now try to put
the 107 to 10® range risk in perspective by comparing it to two other inveluntary risk imposed on
many of us -lightning/carthquakes and second-hand smoke.

Lightning/Earthquakes

Large parts of the District have a risk greater than 1 chance in a million due to the presence of
this chlorine plant. This is about ten times more likely than being struck by lighting which is
already dreaded by many of our residents. It is also 5 times more likely than being killed by an
carthquake. We spend many $millions trying to counteract earthquake risks. Does this make
sense to ignore this much higher risk?

Second-hand smoke:
Let us assume that this plant imposes a 10 risk on the some 4000 residents within a 1 mile

radius. Thus statistically, we can expect 1 death every 25 years. From the media, | gather we can
expect about 1 death/year for our 80,000 residents from exposure to second hand smoke.
Prorating this again gives about 1 death every 20 years for the same group of 4000 residents.
Now you say ahah! - Council is set to ban second-hand by the year 2000, why not this plant? The
answer is partly confused by economics. Banning smoking in public places, in the long term at




“o
least, will cause no economic hardship on our pubs a__g.d’i‘estamnm CXY (assuming
such a thing could be done) will mean the loss nf_,_-llﬂ full-time jobs (}2 on the North Shore) and
about 1$million in taxes/yr. Another way to view this is from a cold-calculated financial point of
view. Transportation studies put the economic value of preventing 1 fatality at about 3$million.
Viewed in that light, CXY has placed it at $25million (in tax benefits). However, even this has to
be viewed in a proper perspective. The expenditure on road safety is done with public money -
the public making the choices between safety and money. We should set far higher standard for
private industries,

FINANCIAL/TAXES:
I see a huge vacuum here. Where is the BUSINESS PLAN for this area? What is the bottom line

for the tax-payer?

ETHICS:

I now touch lightly on an aspect which | urge Council to explore more in detail. Foremost is the
question of "grandfathering” land uses which are subject to rezoning. Does a company have the
right to pollute or otherwise threaten the well-being of adjacent residents when it becomes know
that those hazards have been under-estimated? Also, and more specifically to this case, note that
because this plant was there 40 years ago, adjacent properties purchased since that time have a far
weaker case for compensation. The District's lands however were in the hands of owners (the
public) before this plant was constructed. They would appears to have a much stronger caze for
compensation.

CONCLUSION:

[ am not opposed to a business park in this area. [ am opposed to the proposed uses of these
lands. I recommend council reject this bylaw. The previously abandoned Bylaw 6762, which
would not have allowed restaurants and retail food outlets until the plant ceased operation, would
have been more tolerable. Zoning of these lands should be based on more conservative criteria
than those suggested by the MIACC guidelines. [ firmly believe better solutions are available.

APPENDIX A

Principles of Risk Assessment

+ Departmental programs should employ the best reasonable obtainable information from the
natural, physical, and social sciences 1o assess risks to health, safety, and the environment.

+ (Characterizations of risks and of changes in the nature or magnitude of risks should be both
qualitative and quantitative -- that is, both descriptive and mathematical -- consistent with
available data. The characterizations should be broad enough to inform the range of
activities to reduce risks.

+ Judgements used in developing a risk assessment, such as assumptions, defaults, and
uncertainties, should be stated explicitly. The rationale for these judgements and their
influence on the risk assessments should be articulated.

+ Risk assessments should encompass all appropriate hazards to human health and the
environment (such as acute and chronic risks, including cancer and non-cancer risks). In



addition to considering the full population at risk, attention should be directed to
subpopulations (including future generations) that may be particularly susceptible to such
risks and/or may be more highly exposed.

* Peer-review of risk assessments can ensure that the highest professional standards are
maintained. Therefore, programs should develop procedures to maximize its use.

* Departmental programs should strive to adopt consistent approaches to evaluating the risks
posed by hazardous agents or events.

Principles for Risk Communication

+ Risk communication should involve the open, two-way exchange of information between
professional, including both policy makers and "experts” in relevant disciplines, and the
public.

* Risk management goals should be stated clearly, and risk assessments and risk
management decisions should be communicated accurately and objectively in a meaningful
manner. T'o maximize public understanding and participation in risk management,
programs should:

- explain the basis for significant assumptions, data, models, and inferences used or relied
upon in the assessment or decision;

- describe the sources, extent and magnitude of significant uncertainties associated with
the assessment
or decision;
- make appropriate risk comparisons, taking into account, for example, public attitudes
with respect to voluntary versus involuntary rigks: and
- provide timely, public access to relevant supporting documents, a reasonable
opportunity for public comments, and mechanism 10 incorporate public comments.



TABLE 1
COMPARISION TO SOME OF THE 40 US CHLORINE PLANTS

[LOCATION EPA ID# HOUSEHOLD |FUGITIVE |[STACK PLANT

UNITS INSIDE |[EMISSION EMISSIONS CAPACITY

IMILE RADIUS (1000 LBS/YR |1000 LBS/YR (1000 TONS/YR
:;: VANCOUVER |NA 1297 o | 100
WERTLARE AT 55 7700 14000 1265
CALVERTCITY —[KYDOOG370167 2 130 8900 115
FLAQUEMINE  [LADOSTLITA4 3 10, 14000 1115
E&EGTDN MEDO00242701 5 U 3 8 1040 20
E[EI:DESC}H NVDOG62081500 204 226 434 115
NAGARATALLS.  [NDIN2123305 3411 14 11915 85
e 1272 1400 2000 330
PORTLAND ORDOOSUIH0 838 200 850 150
LONGVIEW — [WADOIS041450 0 1043 15153 140
ELLINGHAM | WAD009252257 4531 230 3600 90




SOME OF THE SIGNIFICANT INCIDENT REPORTS

This search was taken from RTK NET's (the Right-To-Know Network)'s copy
of EPA's ARIP database. See URL http://www.rtk net/datadoc/arip_html

Facility: OCCIDENTAL REeporting Year: 1994
Addrass: 1683 RIVER ROAD, ROUTE 9
City: DELAWRRE CITY State: DE Zip: 19706
County: MEW CASTLE Dun & Bradatreet #: 16=-157=0BE41
Phone: [(302) 834-3800 SIC(s): 2812
Owner: K.W. SANDERS Rumber of employeses: 170

frimary Product: CHLORIRE
Release : LG6EB3 AIVER ROAD, ROUTE 9
City: DELAWARE CITY State: DE Eip: 19706
County: WEW CASTLE Phone: (302) B34-=3800
Felease start date: 07/21/1994 Time: 05:45
Release end date : 07/21/1994 Time: 10:05

Chemical Mame: CHECRINE CAS Humber: 7782505

Concaentration (%) FPhysical State: GAS

Airp: T50.00 Surface Water: 0.00 (lba)
Land: 0,00 Treatment Facllity: 0.00 (lbs)
Tatal: T50.00 {lbs)
Respandars Employess Contractors Publie Tatal

Injurias . 2 2 Q 0 4
Hospitalized: L 0 o g 0
Deaths £ 4] 1] 0 i 0
Evacuatad i 0 i} o 0
Shelter-in-place: 0 0 0 0
Facility Cost: 53,000,000 Public Cost: § Total Cost: $3,000,000

e R R . S N N S N N B B BN DN NN BN N DN N NN N R RN NN MU RN M o e o e o o e

Authorities notified-

Name Date Time Contact Name
Fedaral: HRC 0T/21/1994 11:15 PO MAULDIM

DE EMA 07/21/1984 10:15

MEW CASTLE CO LEPC A7/21/1994 10:00 BILL MOCRACKEN
Miscellansous=

ERMNS ID: HRC ID: 250973 RRTP ID: 4530

Latitude: I6:36 Longitude: 075:37

Release caused by: A [A=Egquipment Failure, B=Operator Error)
Location of loss of containment: PROCESS VESSEL: WALL

EPA Region: 03 ERNS Report Date: O07/21/1954 Time: 13:15



Facility: HAMLIM CHEMICALS Reporting Year: 1991
Address: PO DRAWER J, STATE ROUTE 2

City: MOUMDSVILLE State: WV Zip: 25041
County: MARSHALL Dun & Bradstreet #: 06-107-7475
Phone: (304) B43-1310 SIC(s): 2812 2819 28&19

Owner: P.F. HOWELL Humber of employeas: 212

Primary Product: CHLOR/ALKARLI AND CHLOROMETHAHES PRODUCTION
Belease : PO DRAWER J, STATE ROOUTE 2
City: MOUNDSVILLE State: WV Zip: 26041
County: HARSHALL Fhone: [304) B43=1310
Release start date:r 0170971991 Time: 19:15
Release and date : 01l/10/15%] Time: 01:15

Chemical Hama: CHLORINE CAS Kumber: T7TE2505

Concentratlion (%): 100% Ehyeical State: GAS

air: 13, 000.00 Surface Water: 0.00 {lba)
Land: 0.00 Treatment Facility: Q.00 (ibs)
Total: 1%, 000.00 {lbs}
Responders Employess Contractors Publie Total

Injurias - Q & 4] 0 G
Hospitalized: 0 ) 0 0 0
Deaths : 0 i o L] L]
Evacuated : 0 o] Q Q
Shelter=in-place: ] i] 4] 4]

Ho cost for property damage was reported.
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Rhuthorities notlified-

Hame Date Time Contact Hame
Wy EMS g2s0a0/1991 21:26 TOM BURNS
LEMD 02/09/1991 21:08 RECORDED
Hiscellaneous-

ERMS ID: 91154 HEC ID: SBB17T ARIP ID: 3337

Latitude: 39:54 Longitude: B0:48
Eelease caugsed by: A [A=Eguipment Failure, B=Operatar Error)
Location of loss of containment: STORAGE VESSEL: VENT



Facility: OCCIDENTAL Beporting Year: 1934
Address: PO BOX T4

City: HAHNVILLE State: LA Z2ip: 70057

County: 5T CHARLES PARISH Dun & Bradstreet #: 03-905-6619
Phone: (504) TB3I-7200 S5IC(=): 2812 281%

Owner: JOHN O. FOSTER Humber of employees: 300

Primary Product: CHLORIWE
Belease : LA HWY 18 & LA HWY 3142
City: TAFT State: LA Zip: TOOST
County: ST CHARLES PARISH Phone: (504) 783-T200
Release start date: 03/19/19%4 Time: 00:22
Felease end date : 03719/1994 Time; 02:57

Chemical Kame: CHLORIKE CAS Humber: 772305
Concentration (%): 100% Physical State: GAS
Alr: 1,300.00 Burface Water: 0.00 (lk=)
Land: 0.00 Treatment Facility: 0.00 {lbs}
Total: 1,300.00 {lb=)
Chemical Hame: CHLOROEORM CAS Wumber: 67663
Concentration (%]: 100 Physical State: GAS
Air: 3:400.00 Surface Water: 0.00 (lbs]
Land: d.00 Treatment Facility: 0.00 (1bs)
Total: 3,400,00 (lbs)
Responders Emplayvess Contractors Public Tatal
Injuriass £ 1 2 0 4] |
Hospitalized: 0 1 0 o 1
feaths : 1] i) 4] ] ]
Evacuated 0 4] o 0
Shelter-in-place: 0 1] o a
Facility Cost: 55,600,000 Public Cost: 5 Total Cost: 35,600,000
Aucthorities notified-
Kame Date Time Contact HName
Federal: HERC 0371971994 03:55 HME LONG
LA SERC 03/19/1994 02:30 MICHELLE GAUTRERUX
EOC/LEPC 03/19/1994 00:29 EOC COMMUNICATIONS PERSONNEL
Miscellaneous-
ERHNS ID: MRC ID: 231175 ARIF ID: 4526

Latitude: 29:59 Longitude: 090:27
Bulmase caused by: A (A=Equipment Failure, B=Operator Error)
Lacation of loss of containment: PROCESS VESSEL: WARLL
EPA Region: 0@ ERNS Report Date: 0371951994 Time: 03:535
When release coocured-
DURING ROUTINE OPERATION
Status of process line—
SHUT DOWN FOR REPAIRS; WITH PLANS TO RESTART
How release was discovered-
EXPLOSION/FIRE



Faczility: PIOHEER CHLOR ALEARLI Beporting Year: 19%31
Address: 8000 LAKE MEAD BLVD.

City: HEHDERSON State: WY Zip: 83015
County: CLARK Dun & Bradstreelt &: 06-203-1500
Phene: ([TOZ2} 565-8781 SICIs): 2812 2B19 2869
Owner: CLIFFORD H. BARERRE Humbeyr of employees: 170

Primary Product: CHLORIKE, SODIUM HYDROXIDE, HYDROCHLORIC ARCID
Release : BOO0 LAKE MERD BLVD.
City: HENDERSOM State: MV Zip: B901%
County: CLARK Phone: (702} S565-8781
Release start date: 05/06/L991 Time: OL:10
Release and date : 05706719891 Time: 07:30

Chemical Yame: CHLORINE CAS Humber: 7782505

Concenteation (%): 100% Physical State: GAS

Bips g4, 000, 00 Surface Water: 0.00 {(1bs)
Land: . 00 Treatment Facility: 0.00 (lba)
Total: g4, 000.00 (1lbs)
Responders Employees Contracters Public Total

Injuries - ] 1 ] THS T80
Hospitalized: H 0 o 15 15
Deaths i 1} a o 1] [}]
Evacuated ' 10 1 378 389
Shelter-in-placea: 4] ] 770 TTh

Facility Cost: 52,425,000 Public Cost: 51,125,000 Total Cost: 52,425,000

Authorities notifled-

Hame Datae Time Contact Hame
NV SERC 05/06/1991

CLARK CO. ACH 05/06/1991 08:00 LORI ANDERSON
Miscellaneous—

ERNS ID: 913437 HRC ID: 70909 ARIP ID: 3903

Latitude: 36:02 Longitude: 115:00
flelease cauzed by: A (A=Egquipment Failure, B=0perator Ergar)
Location of loss of containment: FIFING: ELBOW



March 29/98
To:  Irwin Tomry
District of North Vancouver

From: Come Kost

As a result of a conversation with Mayor Don Bell 1 attach a number of questions about the
QRA's. I hope you can find some of the answers by the time of Tuesday’s public hearing.

Outstanding Risk Question:

1. It bas been stated that the atmospheric release of chlorine amounted to 500 Ibs/yr. Is this the
total releases to the air (ic. stack + fugitive) or was this a misprint and should have read 500

Tons/yr?

2. It has been stated that in the 150 year operation of four plants in Canada there has been “no
adverse effect or impact on any of our neighbours or their property”. How do you reconcile this
with the view that the risks imposed by these plants substantially limits the full potential land use
of adjacent properties?

3. The risk calculations were unable to provide margins of error because as it states in reply to
question 24(b) of the Sep 23/97 public information meeting "There are too many unknowns in a
risk assessment and 100 many variables...". Similarly, on page 30 of the July 4/97 Bovar report it
states "The uncertainties in estimating the chance of rare events, and in projecting the effects on
human populations, are considerable.” Wouldn't it then be more prudent (for staff to recommend
to council) that there be an additional safety margin based on the best guess as to what those

uncertainties arce?

4. The comparison of the assumptions for the 1994 model predictions and the 1997 ones were not
clear. For the corresponding years, and for the "big spill”, what assumed fraction of the total spill
eventually went into the cloud?

5. For low wind velocitics how long will the cloud from a major spill persist?

6. The Occupational Safety and Health Administration (OSHA) defines an immediately
dangerous to life or health concentration (IDLH) emergency response regulation as "An
atmospheric concentration of any toxic, corrosive or asphyxiant substance that poses an
immediate threat to life or would cause irreversible or delayed adverse health effects or would
interfere with an individual's ability to escape from a dangerous atmosphere”. For Chlorine the
IDLH was apparently recently revised from 30ppm down to 10ppm. How does this impact the
risk calculations?



7. The hazard posed for the same volume release is much greater for night-time and cloudy
conditions than for sunny day-time conditions. In the modelling, did the appropriate weighting
take into account the number of total hours of sunshine at the plant location or was a more
conservative assumption, that the release would always occur at night, taken?

&, In various places you use the phrase "typical daytime weather conditions" Did this include
cloud cover or only atmospheric stability ratings?

9. It was stated that there has been only one recent major spill of chlorine. This was the case of
the 84,0001b spill at the Henderson facility in Nevada in 1991. Have there not been a number of

others?

10. What is the total amount of chlorine produced at this plant per year? { A good guess would be
1735 rail cars of 90 tons each for a total of 156,000 tons?) Is the volume of chlorine stored near
the site still the same, despite the statement that on-site inventories have been reduced from 1780
tons to 550 tons?

11. On average how many deaths can we expect if 300 tons of chlorine is released into the air?

12. Why is there no data which give the likely consequences of each event described? (ie.
number of fatalities).

13. For the review conducted by A.D. Little was the modelling done with independent programs,
or was the same proprietary model supplied by BOVAR used?

14, It states in response 1o Q3 of the Oct 30/97 Public meeting that "people would be exposed for
less than 1hour”. How do you reconcile this with published reports (eg UCRL-53685 -
Emergency Response Planning for Potential Accidental Liquid Chlorine Releases - Lawrence
Livermore National Laboratory - May/86) which states "these concentrations persist over periods
of approximately two to three hours".

Yours truly,

Corrie Kost

cc: Dennis Back



SUMMARY OF ATTACHMENTS

UCRL-53685 - Emergency Response Planning for Potential
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concentrations and exposure times (taken from data
provided)
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October/97 EH&S News release on new NAC/AEGL
committee to review acute exposure guidelines for chlorine
Some of the significant incident reports on chlorine spills
from Right-To-Know Network

List of the 40 chlorine plants in US with trend prediction of
future chlorine demand

US map illustrating 10 sites selected for detailed review
Comparison of 10 US Chlorine Plants to CXY

EPA report 749-F-94-010a : Chemical Summary for
Chlorine

Detailed maps & statistics of the 10 US Chlorine Plants
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March 29/98
To:  Irwin Torry
District of North Vancouver

From: Corrie Kost

As a result of a conversation with Mayor Don Bell | attach a number of questions about the
QRA's I hope you can find some of the answers by the time of Tuesday’s public hearing.

Outstanding Risk Question:

1. It has been stated that the atmospheric release of chlorine amounted to 500 Ibs/yr. Is this the
total releases to the air (ie. stack + fugitive) or was this a misprint and should have read 500

Tons/yr?

2. It has been stated that in the 150 year operation of four plants in Canada there has been "no
adverse effect or impact on any of our neighbours or their property”. How do you reconcile this
with the view that the risks imposed by these plants substantially limits the full potential land use

of adjacent properties?

3. The risk calculations were unable to provide margins of error because as it states in reply to
question 24(b) of the Sep 23/97 public information meeting "There are too many unknowns in a
risk assessment and too many variables...". Similarly, on page 30 of the July 4/97 Bovar report it
states "The uncertainties in estimating the chance of rare events, and in projecting the effects on
human populations, are considerable." Wouldn't it then be more prudent (for staff to recommend
to council) that there be an additional safety margin based on the best guess as to what those
uncertainties arc?

4. The comparison of the assumptions for the 1994 model predictions and the 1997 ones were not
clear. For the corresponding years, and for the "big spill", what assumed fraction of the total spill
eventually went into the cloud?

5. For low wind velocitics how long will the cloud from a major spill persist?

6. The Occupational Safety and Health Administration (OSHA) defines an immediately
dangerous to life or health concentration (IDLLH) emergency response regulation as "An
atmospheric concentration of any toxic, corrosive or asphyxiant substance that poses an
immediate threat to life or would cause irreversible or delayed adverse health effects or would
interfere with an individual's ability to escape from a dangerous atmosphere®. For Chlorine the
IDLH was apparently recently revised from 30ppm down to 10ppm. How does this impact the
risk calculations?



7. The hazard posed for the same volume release is much greater for night-time and cloudy
conditions than for sunny day-time conditions. In the modelling, did the appropriate weighting
take into account the number of total hours of sunshine at the plant location or was a more
conservative assumption, that the release would always occur at night, taken?

8. In various places you use the phrase "typical daytime weather conditions"” Did this include
cloud cover or only atmospheric stability ratings?

9. It was stated that there has been only one recent major spill of chlorine. This was the casz of
the 84,0001b spill at the Henderson facility in Nevada in 1991. Have there not been a number of
others?

10. What is the total amount of chlorine preduced at this plant per year? ( A good guess would be
1735 rail cars of 90 tons cach for a total of 156,000 tons?) [s the volume of chlorine stored near
the site still the same, despite the statement that on-site inventories have been reduced from 1780

tons to 550 tons?

11. On average how many deaths can we expect if 300 tons of chlorine is released into the air?

12. Why is there no data which give the likely consequences of cach cvent described? (ie.
number of fatalities).

13. For the review conducted by A.D. Little was the modelling done with independent programs,
or was the same proprietary model supplied by BOVAR used?

14. It states in response to Q3 of the Oct 30/97 Public meeting that "people would be exposed for
less than 1hour”. How do you reconcile this with published reports (eg UCRL-53685 -
FEmergency Response Planning for Potential Accidental Liquid Chlorine Releases - Lawrence
Livermore National Laboratory - May/86) which states "these concentrations persist over periods
of approximatcly two to three hours".

Yours truly,

Corric Kost
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ek i ¥ UECENTAINTY AND MODIFYING FACTCES [OAAL RIDj |

UF == Tha unterbilnky factar of 100 raflectm 18 for intecwepsciss ETrAPO LEL Lo |
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wiel 1% Bor rRe peotaettion of l-lnld.:-i Pmis peopipulaciong,  Anoaddaticesl
fackor ko account for Bha lack of reproducklive and divelopeenbal tesisiley dars
ie pol cosdidered pecespary h-ml.u.n- Thigs -I-u:-l s lua-l'l.lﬂl from axisting
sbudiss condaocted with the relstssi rm mrd chlorine.

et B8, AMBITIONAL STUDEES [ COMMEDNTE (DREL REC)

BrTE: In purs water. chisrine fores &lesencal chlorine (81301, chloxlds ioem
{C1-] and Mypochlorons scid [HOC1, As pM ircrsasas, hypoctlorsus acid
disssajates to Bypshiorite ben 1961-), The term ~drew chlsvlne [fres
avmilable chlerine, frea residis]l chisrire) cofeis b5 tha otoceslEwlilosd of
elasanial chlorlns, hm‘l.urﬂl said and mypechiorice don that collsctively
ceoax im watar. factorn, Lnclufdisg chlocine corcantrakicn. pH,
CeRpEE L LiiF#, BABOER T Light el the prddetcs of catalyacs or organic
macsrial, affsct tha Ihl]:.'..l?l:f nd fres chlerics in kgueous #slutlon. Wean
fren chiorize i eddod vo waker conrnininy awonis. chloTemlsss are Eormed.
For mors Lnforsatice stout the chamlstry of chlovinas, wes U.8. E9, 1533

other ehfohio oral svedlap a8 wel] a8 subchronl; arudiss svalusiing
sdlitionl toxisolaglc parsssters [hesstolcgy, sens chemisbry asd
histopathalogy) suppest Ehe HOANL selected for derlvies ihe RiG. Tieas
Frudies Papared HOLEL valeed Tanging from 10-24 mgulor-dey,

Hasepiren ok al. (i8] studled tha porearial slversa «flszts In meim of
long-tarm sxporers to pediue mpochlorits in drinking water, Sodium
ypockiorite [14% sffsctive chisrise, furity not specilied] was ewalwanel in
Fled cat® (55 seeipEouph 1o & I-yesr lw:h' &t leveia of 0,398 ax 8,18
[approocimataly 11,5 and 37,7 mgd in walew &xd 6_01% ar §,0%
[appreaimataly 3.3 and 43,10 sgdg-day) Ln females. Deses wars *Timyvsl
barad on the autksiEs !.ln o dlfferenas Ln watar conmmeiicn wiy cbassmd
during chs in Ehs lask 10 weaks when istals wid
higher in treaved uh-ll- il.ll-lHI.

High martality wes reportsd in all groops; 63 sats died durlog tha
axparimental perisd ssd an sddivional &F rece died during the L-wesl recovery
pariod, Survivel rabtes weres gimiler in all growpe and for both seees. I8
treated malen, Bely weights were decoeassd {08 compared with mt-rmn
decreassd walghts wars #6 and B1% of controla for low- and B
taspeciivaly. Por fesalei, bedy wa

guiza of 1-9% were reperted for all crearsd saimalp durisg an §-woesk TecovaTy
paricd, In pales, shecluis liver and bBroin wedghts wars as wall as
absolibts acd relative Beart velght et the high dess only. In Dsmales
abdplutE snd relative salivary plasd walghta wars
hut cob at tha Elgh doss. itiomaily, In fesales absclute hidery weighes
wate decreased AU Lhe kigh does. Mo Soss-Telated chasges in hemstologic or
higtslogle parmmmtern wars 1% sssuld ba notsd thak the ewlremely
high water ilen ‘inﬂd.--eu#muhlnﬂullm
with thess peportad by sther irsestigators who have reported marked radecticas
in wmtar cormumption st mimiler or lowsr chiorina concentrakiona. This
Irspraistency pracludas use of this svely as e principal sbaedy.

Fidd sabs [0 sex] received sudius Bypsshlevive In deiskisy wetes for 168
wibld At doses of D, 00 ar MODD ppe Ln mades asd O, 1000 or 1900 pem In
Comales |Eurcksus st &l., 1¥1E]. Thaow dosss b= O, 70 and 140
mpegeday for smies amd n 4 aed 1500 mgprkgeday for fesales Hmntﬂm
by wepigs i wapeT ocasusption veluss (0.5, ERA, LRELD] . Following
aopoeura, survival, clinical aiges, waber coammpiison and body waighta weca
T nl.ud.ul:: :u-lun uﬂ T H-l-lh-iml sralyses ware
wvnlunted, jons ware performed.
In [imale rabm & h-n!ﬂ.ﬂ d-::u.u L Dy -—J.-.rm relalive 1o esabrels,

R {Parrw e g g Vi e e TS 1A, T

spproacimately 100 in bhoas sapoasd o H-r.fhl-duﬂmlululum in
Ulrige asgmaed 06 10 mg/hg-day, wed obiarved dosa-rela olfecin
werd mciesd, A LOAEL of §% mgihg-day, based on wsight loes. ie bedkesesd,

Abdel -Eabman ot al. (1F84) inveatipated che comlgity of hyporhisoous sold
in sals reatsd {d/doews] tha® eceived dops lewmls of 9, I, 18 or 100 mgfL in
drinkisg waper for we e 11 months, These doses porvesgond Lo approsimately ©
0.04. §.4 and 14 mgikg=day |[based oo sanoeed dally weter conmmptiom of 0. 54
L ihg-day (0B, ERa, 2986]1. Alvhouph sionificsst isresses in blood
glotatkions lewsls szd dscreasss in cemstic fragllity wers ted an warious
Latsrvals LA tha ety Lhaes chengmi were locosaistant and ook indicats &
domss-resporan pattarn. & HOARE of Id4 mp'ky-dey ia ldencifisd for chis avudy,

Oroups of BECIF] wmios [0/ pea] renalved scdium bypechlorlte Lo Seinkbng
watar [ar lﬁjﬂlﬂl&hltﬁll#! 0, 504 ar 1000 ppe (approcimstsdy 04 and
140 mg/hg=day, bassd cn dats providsd in ths mbesty] (Eurcksws =t al,, 1F0&5.
o ll.-ll.llr.lEilHl pignilicane sffesns on suevival, elinical slons, watar
conmEptlon, hematcloyic parsssteTs or seTom chemlstry wers nooed, Eowswar,
fadly welpht pain wvas radected asp compared with controla is enlsals recuiving
aodium Sypochlorice.

Male ard female q-lllu—hﬂw rars {t0/seldosel Fetelved ehlorine LA
drinking water at doss levals of o, 3%, 300, 175 and 250 =g/l for B0
icmnlel &t &l., 1¥89). t-l..l.ﬂl.ll.tld-ﬂl Levels wire 7, 3. 7.9, 171.8 aad 06.7
g rly-day or II-CI.II ared O, 3.%, 33,6, 10.5 snd 3.0 mgikg-day for fessles
|earvarilon provided by tia wsthor). Food ard wetar conmmptbon and body
wilEht Sin vere Boaliored and himsrologis and BaTUR chemlerry axsmlnatioas
weTE corductsd. m"lm-ﬂ—mﬂm-p-hndlmh
highsdoss group. ®B: coosistent sifecbs were cheerved on any of tha paresecera
caatal o o 2ED m@/b of ohlorins.

Geoupd ol BECIFL mice [107swn) ware adsinisvarsd chlorine in drinking
witar st 2, 1%.3, 1%, %2, 100 and 300 mgil for B0 days (Danial et al., 1FEL].
Thasd dosed Sorfmipend i 0. 3.9, 5.1, 10.5, 1%. 0 and Jd.d s§/g-day [oF Sales
Al B, 3.8, 5.8, 11.7, 1.0 and RR.J m for Temsles (opmveralond
prosrided by aukhern). Clinical sigra, socwivel, body wedght, and Food and
wulaf consusptlon sere Eonlrored, Fesaoisgle end climiosl chesdes vy
pATAEmsTErS wore ewnlusied, and gross and M!bnwm'l-uh: mlnpl:!mi w—Tn
perforesd. & concwntrabtico-related decrenss in evaregs sablsr conramphion was
shssrved in hoth sales snd females wich scatiscioally sionifiosar decresss in
fosmles st the two highsst dogpes. Decroassi bosdy wedight gain: compared with
eemirale, was shesrved o males and femalos with signifizsse weducrion {=10Mi
in malss ot cthe owo highsac dossa| howeser, no cther affscts were coasrved Lo
any af the slber sdramebers aasiced, & BOLES &F 16 ®s/kg-day (s iSantliied
Eor thim wtudy.

In genarsl, snimal orediss hews
ot tarstogesie affeces of chlsriss,

Douckrey (D986 studisd tha effects of highly chiorisated d-inkitsg watsrc
100 Bg/L] Elves Aslly To @even oinsscubive genaraticas of MO I1 Tebs.
Boletbons wers weakly by Bubbling chiosice gas tbroogh bap water. To
izsore & sbabls total distary chlsrine comcantrasbisn. dry rabk chow s cosked
with chlsrisared water prisr te digtribubion to bk parental generatisa.
Bubpsquer: genersticne recslved chloriss caly in the water snd sge & standard
disk, rosulbing in an svarage daily dosw &f igpoosisatsly 10 ogikg-day
AT

dssczatratsd no sl [-1 2 Ly

rarenlal aflmals Bayan Lreslssnt &L 108 diyE of epe. Nals ware sepeabedly
mared and remalned o preaimenc during pregrancy srd lacoetion. Eeleoted
Frogeny were sepaceted Erom their dass at 10-45 dayw wnd wers d-i-llqhdﬂil
pemraties. Animils of tha ri and r4 tdema

ohlorisacsd watar only wacil the birth of propesy. Bubasqesat panscalions
reained oo chlorinsted waber foo thedr encire Dife spas. Two goouge: of
anisals sersed a8 sostrols eb the beglnaing and ending of i cpacisental
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pari=d,

Wadght galn amcomg reonston wee scoevhat deprassed ducing tha Fices: faw

af iife. By msturivy the sversgs body weight for all gessratioes of ves:
an was aboot 3-108 grester tham thet of the wwirsated rets. Of 336 rate
ohasrved. a0 LrelLssAT-related sflesis were noted oo the DLfe spas, Dereilivy.
growth, lematolopic searorwsnts o hdmtology of liver, splesn, kidoey ssd
otkar opgsns. The incidsnce of Ealignast tesors L the LEsaied rala was AoL
found to differ from that of comtrol group recs, & WOAEL of 10 o chlorins/)kg
could be identidisd from this sbudy.

In & repreductive prudy Carlion ot a, [LI8E], shlarine wss
adminizsered by gavess i= ﬁFﬁhl.i.lnl waber &t dodas of 1.6, 3.0 and 5.6 =g
chiloring (hg-day va sals {13ABoas growpd] amd [essls {Fd/dops preup) Loseg Eosns
rutw for G6-TE daye:. Halow were trsated for 56 duys snd fesales for 34 dayw
prise te matdsg. Ooskng fonbimesl during the 18-day satling perlod snd
plcerwards females wers doeed wich oslorine deily Seving peatatlon snd
imctmiion, Halem ware necropaied at tha end of the mating parfcd. Dans and
A :-rl!ml.nl wafd HeIropaled so 31 ﬂlﬂ aftar blroh, Oohar nrtnﬂ- L]

= aftEr 1 they wsrs I0:-40 daym olid,
ulu.-LI.uI da f faranced wvere thluuul bth-— s pinlral and dsan |w-w| in
fletar supvival, licbsr mize and pup weight. Develocpasntal lardsarks suck =9
the meso day of e openisg el Lhe sversge day of cheecved vepinal patency
alms were comparsbls scroas groops,  Adult mals rats sxposed up to 3.0 mpdlg-
day ahowsd no adverss reproductive affects. A FOABL of 3 &y /kg-day Qo
mararnal, Cfatal and neonaral sffecis can be defimad from chis study.

CHH/MHER ard CYIRLMET mlce wire BdSLnlstared Ariniing watsr that hid besn
ekt with pdium Wypochlorics and Weirechlerds acid (10-10 ppel to seintsin
the wabar st Pl 2.9 over 4 d-moakh Erial pasricd (las, 1%8)]. Ceabkeel asisals
reeelvel pap warar, which varied in p& from F. 3-F 8. oo wes ussally #.08, In
tha treatsd animsle, ke resbar of mice boon and tha nundar —-.d.I'L wara
greates thim in the cootrel (pd0.81. The authors ecncladed that ke
s taent of CIRFHEY asd 3700 /67 mdop with fRlorine and Mpbrochloric acld had
e wdveran affects on thoirc Ll peirformasce .

McKinney st al. [1976) noted & pariodic iscrssss in reprodoctive failure
ey CO-1 mice. Makisg, ol mabryss par fertile femals imd ssbegonie
davye opesnt were sffecrsd. The affect war ssasconal and weo most severs in the
wintar. In ths abssnce of any cbher chemacved verlabicna in Eha andsal

. tha autbose atbcbbuted the ceproducilve deflcisncies Lo the Basvily

hsabasdey
aklorinatsd Burbss. ¥, cliy wster oonsumed by cthe mice,

Two at wure mads wmﬂmtimtumwmwﬁ
wil. [E8TE). Cherpoff et &1. (197§} foscd no significess d&iffererce o tha
w:-l.u pararsiars of CO~1 mice ooasuming Durhas, HE. Arinking wecer &s

with ths contrsl group msi=teiced on dlpiilled wutar. The animals
warn n.hu-.'l.—d o Lhe Ladl &r eohliol waled faf & J-weak peeled after whioh
marlng wes bogun. Dans wears sscxificed on dey 18 of Lo . R
mmumzmmumm |meui-|rl-tr|:-:-ﬂl- DasE
snalygsd for dif ¥ inmssinated, mambsr pregrank. weight pai=z

during pestatlon, angan liiﬁ" il purcenk rassrpticn. Fobtused Pece il
for skelstal and visgeral sromaliss &8 well an sortalicy snd bedy waight,
statistically sdguificant matsrnal or fetal effectis wers boted, awcapt for &

281V inoidenes of mparmsarary [l in The group conPsming tap wmTer
comparad with I1,K% in ths conbral group coranmisg Slekillesd wmtar [peid 0] .

In n peoomd l|:l\.|l:I lt-l.ﬂu ok al I!I'H'!:i rigarisd no signd floars owvarall
Enf s o of malf I er w k|
I-I.!'wuuml that Seild e ariributed 0o Lie ehlorknation of drishlf) welur
Tha Inclidssce of malfcrmacions in the costrole waa §o18 compared with 7.8% in
tredited anlsals. ClLffazesces poisted Ln the oppoaite direction of the finding
ol McKimney ot al. [1876). Two slgnifleasy affects ccowired Ln the meath of
Jargary, avd oo ocourred in the sonth of Februsry.  In Jeruary, s lowsr
runbar of mated femsles ©7-1 hacamy preorsnk, and che sworegs mraaber of

VIV 1% P

b i 1 Vu

isplants/pregnant fesales was lowsr i the group consumisy porifisd saksr. In
Fahrusry, the sversge fscal walght wea lowsr Lo the puriflsd-wares geoup Lhis
im tha bap-sabsr group. Iodesd, the peamsnce of chloosine in the weter sessed
rs poafer n barwlicianl affsct_ The sthors coceluded vhat the remulits of
thair mbwdy 414 pot Fepport the findimge of Medimesy ot al. (0976}, althsugh
thare wece complicating factorm in the Staples st al, (L¥19) study, Thare
MppRare to b ome Fvidercs chay wirid DEnk dhlsfinatios at levels conaidtemt
with surcenl préctice b5 iy adverse reproductive sifecits in tha spaciss 89
TAT REAEL .

Falen ard Pesudfsab £1983) srodled the affescis of wodium hypackloriks in
drinking wabexr om Eraver hrellsr ohicksns. #Soedlos Wpschlerite wes sdded zn
the deloking water &f chicks [407sax) ab domsa of 0, 300, SO0 wnd 1303 o,
& slpnlfiosnt [ped 810 redervisa was [Dourd dn the weight &f chick, tastos at
doww levels of 30 mod 1300 ppm of svailsble chlorins. At Chess higher
cacenLrallons, howewar, these was ales & decosass in total body welght, [ocod
ursl WATAF Soraumgtlon and an incresss Gn ssTTakloy.

Hplsr &g &1, (1983 dessaslraled Dkl sval adsinistrakicn of o sodium
ysochlopits solation, buk scb bypochloogvor scid, resulted in doss-related

irerassan bn the assunk of spare-hesd abnorsslities in mais BecaFm . ‘Fan
animalsfgroup wers glven 1 sl of & residunl ohorine solusies dakly for 3 days.
Tust wslurlons were prepared by bubblisy Cld ists & 1M soletios WD arech

adjusting thae pH tn sithar pi 0.5 |predomirsnc spaciss GC1-] or il 6.8
ipredoninast specles MOCL) . The sofuticns wers dijuted with distiiled wabtes
G0 200 mpilk, MO0 mgSL wnd 6D sEfL oRloring equivalents (4.8, 4.9 o 1.8 =glege
day, meapectivalyl. The sice were then sacrificed at I, 1 og & wesksm after
Ehe 18T dose was sdsiniavared, ©n mlee given OCl-, significant incrsasss in
mprre-tasd ahecrmalitiss were chaarmed only ac the J-wesl interesl at doase of
1.6 aredl 4.8 mgikg-day. Thase tenills were 7 i x af Bl

supeer lmann, oLl admipistrsilon an any doss ves nol sesociated wlek issredsasn
in abncrmalicies.
fix wirgin Spragos-Dewley rate were sdeiplptered 0. 1, 80 or 100 mg WOCL/L

ki driniing watar for 3.9% sonths prisy s mating. ln wars ma s on
the treated watar after pregrancy wns oonfirmsd (dey 0) and ki]led om day 35,
Hakernal weight st cies of dsath wms oot repcctesd. The incidence of fetal
anomal {es daspelated with ssgesura ke hyeachlopees acid solotlors wes fet
fourd o bs starvistically sigelficant, Hasn fotal wsighte from the 10 amd 500
L groups were leas ches rha cestesl, bue this desreass wes not
wiatlationlly stondficant. Meloher was thare & slonbileant differencs is
rusharo of reescTpilions Eatweas coetrsl and crastsd groups, Gemslnstion of
ganaral tratds LA the Study an Locrearr (et signdflcant] i
wanletal anomaliss in animals treated with 10 mp ERCEIL.  Bolt vhdsue
acosaliss for Lhe 100 mg MOCL/L treatment group wers incoeaped mignd flcmntly
by oompariecn with tha control. The Cindings of thess AXpariEGHDE WECW
lisited by Eha ssall mmber of abiody animalew. Gome of the calculatioes of
“:E EEECENLATAE TEpaEied (B [he [ApEr ware (RCOFEEIL. Puorlheisors, B
sakm bokh akslabal and roft tissus anosaliss apoasred to b highsr Ln tha
oencEesl groep than in che [ow-doss Tersslssnt groogs (Abdel-Ralean ot al. .
103} .

Exon 85 &l, {15870 reperced immuncronis effects whan sodies hypochlocite
%, 1% aodl 30 ppel was admicdptered in dricking wetear to Spregus-Davlesr rate
[13rpeasdonn areup) [rom weaning 0o 1] wesin of sbe. Based of seferessa Bedy
waight ard wntar corsumprics valuse for poichreonio sspcsurs (U3, EFa, 10E0)
the Perveiponlliy Lotake of shlasiss wis 0.7, 3.1 and 4.2 bBglky-diy.
Farasstars mond pored were Dedy esighn. aplesn and walght, as1
prodoctics, delayed-t myparsansitivicy (OTH} rTeasticna, naburel killew owll
MRS eyestamlsiey, ive sstabslism ytomin ky macr

and predtestios of intarlaukin 7 (ILd]. The Il'l'lll':l:l prrribated o edics
mypochlorits trostnect (et cnly the high deaw) were reduccions of splesn
waight, ITH resctions, coxldsative metaboliew by macrophages and slevaced
prodaylaradin B production. The cil sigmificance of these ®fleste
i mot 0lear. A BOREL asdSer LOWEL wire Rt defloed iz this study.
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B8, DOIDENCE IN THE ORRL KIB

Simdy == High
Cara pass -- Eedius
BLD == Hedius

Confldenca in tha priscipal seiddy (FTP. L9931 s high ks sedius. Ralssane
endpeints i v aninal specied ware susmined afver prolonped sepoeurs by an
Mrmn An affect lewel was mot schisved in the sbady, howswar,

levals may Bob Be practicabls dus 0 [asls sveceion {amd Uhersfars
redosedl water conssspiiond. Cenlidence In the dors Dass i ssdium,
informacion 1s eveilabls for wins and Tats on the noecarcincgenic toxiclcy of
oral sxpssura to chlorine for g parisda. Diwelspseatal il
papredust lve tewlolry of ehloring Bave been szsmisnsd in mics and raca, botb

with subcpbima]l stodias. n—u&.d—j:-inhu-a-nhlpmeuum

sl moncehleremins. pepreigive ssd dsvslopssntel soudiss for monochloramine
'ﬂ'h“hﬂﬂqﬂ““ml‘uﬂuﬁ.ﬂ Ein.lh—-hhh RED im

I.A. 6. EF DOCUNENTATION AMD REFTER OF THE ORRL. KPE
Beeiptd Dosussnt -- B8, ERA. 1FRD

Tha Drloking Water Crivesia Dosmest for Chlorine/Srpechlocoes
Bobd Pmachlerite loa has urdangons lisitesd Agsocy review.

Othar EPA Docomartatblsh == Habos

Apsncy Work Group Bewlew == @77300%1, D6/idi93. L370a5%)
earificanion Date -- 12FLR/50

—E.A.7, EFL CONPACTS (CRAL RET)

Tlodsa contacy Lhe Risk jaformarion Maxling for all guesticas concerning thim

sassssment or JRLIE, in pesaral, st [SEI0RER-TISH (pboaa), (S1XF3EE-T198 [FAXD
of WIH. IETPIERAMATL, EFL, 00V [Incermat addraes],

FTRE PR RN
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DubwiLanie Nisw -- CHLoflsg
CASFON =~ TTRI-ED-5

ot svallable sk this Edse.
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Commiitee e velops Acute Expoare Guldeling

The Mutenal Advisory Comnines fof Acue Exposere Guldeline
Levzls for Hazsrdoes Submances. [MACARG. Comendises) has
developed ifs firs oo of acule expoosre goidelfoes bevels {ARGLA) fo
12 chemicals, The “Propesed AECLS" are:

I 1-EimethyTindrasing
MethyReydaase

f

Etbrylese Chiade
| 2-FRchloracthens

E

i

The ABGLa (Acute Faporsre Geideline Levels) are threshadd or
ceiling values for shom-iemm exposure to hazirdoes: substanced. The
arseyarusy g e s g
persins wha may s CRpOIE.
Thive ARGL valucs repescating Seee "Enlogacal ndpoines® for foar
eapiius perseds [0 wanaies, 1 haur, § haors, B boors) will be
esiahlished for each chemacal. AEGL-| v the airbome eonoetzalion
il wrhich the generm] popelaion could experenos “notahls
dncomien.” ABGL-I @ the sorboone conceniration & winch i
potera] pugralation could "enpetienne imevarible of other Banous,
inag -dasting effrcis or impaized shility to eecape.” Finally, ABOL-3
represenis the concemtration af which Lhe genersl poblae b pradisied
1o "enperience hife-threstening effects or deaih *

Frrmed by the EPA, the misston of the NACTABGL Commitiee has
been i atwedy o develnp guidelines for thort-icms hazandoos
chemics] expossre. The NACIABGL. Comminiee (nfeads i develop
AFLL valoes for 3000 chemicals during each of ks quameriy
mientingn for the nexl sight 62 bes i, After poblac comeseal, the
Crerepinee. willl review mnd revise proposed puideline valoes to
eibabll “Talefiin ABGL" valugd, The [stedn ARDS may be Ghed &8
binkogical rederence values by apmcies, bl the values will be ferher
reviewed s Tinalired by the Netbonal Academy of Science. Onoe
thewn guideline levels have boen extablished, Mmhm:bj
govemment apeneies B feivale Leoeor SOgIniREsaas for
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emEfgency (ogrma. The EPA then isterds (o sdepi the Readined
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orilung eapodure valeen

Fidaral Reginiee
ik 1, 19T

EFA Anmounoes Changes in Amsbient Adr Quality Swrvelllance
far Lanaadd

‘The Environmenial Profeciion Ageacy (EFFA), recognizing thai
aerlorekiles scnust S lzde than 1% of lesd envisdoas, bl Changed
its purveillasce focus o safsoanry sourme jead pmissione. Effectoe
Piecember 12, 1997, o rmany as TDal the RS Matoml Air Moniioning
Seatione (MAMS) sed several of the State and Local Alr Moniloring
Seationg [SLAME] will be disconticd. The EPA will sow clobe
e WAME consinenily wponing peak levels less than 15 mghm.
This chango will allow sisde and focal agescics o locus menilonag
£feets on jead piasnary soneees thal sre causng, o ould posetnially
canse, enceedmnces of the quamerly Mational Amblent Alr Quality
Siandanis (MAAQS )
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recomenandations, 10 astis i the planning for secidenia], eplesdic chemscal releses.

Dibjectivg: Review il beallh and safery dais oh B chefieats of greseal cencedm is the Uaied Suces.
Strabrgies;
* Asign evaluslon 1o feview and revise waizology sewmaried ob chemacals of concern.

of iolenble exposere levels
= Prepane emerpescy praponse guidelines for pobeaion and distritstios by he ATHA satices] office.
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Semmmary of Corrent Comanditer Artivities

Tublicatioes b

* The ATHA 1997 ERPGS snd WEELs Handbook Ta he pabliahed 1550,

* 1957 ERPG Update Set. To be published |9E.

*® 1215 pew ERPLO mere expected i be devseloped for chemical sebmanoes i the 199798 year.
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Revisiting Carrying Capacity:
Area-Based Indicators of Sustainahility
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WHY CARRYING CAPACITY?

Accordng bo Gareetl Hardin {1991 ). "carying capacity & the fandamental hasia for demographas
SETEring. ™ {n the ootes hind conventoasd scanomiss and sluners generally |gnore of Samiss the

10 hemnan beings. Their vision of 15 bumn e2omony 5 one in whoch " lictesy of
[T LR EE ly ibatilinabie for ooe ssnther™ and in which “wsing Eny resource more imenssly
earanices g increase inoopipet” (Kirchoer of al, | 965), As Daly (1 985) cbserves, this viieoh siiurscs a
world *in wiseh cannyieg capacity is infininsly expandable” (and therefone imeleveat) Clearly there i grest
division areer the value of cammying capacily conczpts i the sustainability didbate.

This ermicle sides solidly wah Hardin. | siae from the: pressise thar despiie our incressing techeological
sophistication. hemankind remains is o itate of "obhpee dependonce” on (e prodoctivity ssd iz seppen
services of the ecosphere (Rees, 19590} Thaus, frem an ecologica peespeciive, adequate land and sancisted
productive sl capital are fundamental to the prospeots for continued civilieed exisicnoo on Basth,
Heorwarver, i prosen, both i buman fopelalion asd sverage convemption e inerating wiile the 1ol
ores of pradostive lsad and siocks of natund capiel eee fivsd or in decline. Thew oppodeg trends demand
a revival of carrying capacity analyuis in susisinable devslopment plasning. The commplels ralichale iy &

Definitions: Carrying Capacity and Human Load

Loogicad broipes - Berring Cary_ Ao Bt 1 ofs iy

Tl 18

T T e e . — 7 e

A e ronmeAr s in
s et

For purposs of game snd rusge mensgemenl, cevying capacity b useally defined aa the M
poralaizon of & pives wpocscs thad can e sepposied indefiniicly in & deifimsd habitm withoot

camymyg capacity by elimisating competing species, by importing locally scarce resources. sed thrvogh
el gy, thin diefinilion seermn [mrolevant bo bmmoass, [adesd. trade and rechnelogy ane ofien ciied s
reasons for rejectng the conoep of Buman carrying capseiry ool of hend. | Acconling e onkods iy,
froe tracke @ invarably pood, resulting s improved bving standards and Ecvenced apgrepuie prodoctivay
el effichency — incressed carying capacicy — deoagh cofparutive adrantage |

This &5 a5 lroaic emer — shraking carvyisg cogucily By s008 hocorme Lhe single mos imporiast issue
eoadonting, . The reason for this becomes clearer if we define carrying capacicy nor o
imansET popetalioh bl faties a the maanmem “load” that can safely be imposcd om the sevirenment by
people. Homas osd is o function no caly of pepulation bul alie of prr copils commumpson ind the laller
in ircraiaag e fone tagdidly thas the Exrmer dus (boaically ) i expandmg trads and techeology. As
Mﬂrﬁlﬂh‘ﬂtﬁﬁﬁﬁrm:wh l'l'h.'lll:ntiml ﬂﬂmﬁt -

wi m
A.umm:ﬂllmw.ﬂylﬂn,hmmemulrnnﬂnmmjmh
1986k A @ nesul of wech trend, fnad prassuns relative io camying capacity iy rising wch fuser them is
imiplied by meme popalation increases.

‘The Ecolagical Argument

Degpite our techeclogical, economie, ind calural schieverments, schieving susisinabiliny reguines the we
undersiand human beings a8 eoobogical entities. Indeed, from a fesctionad perspective, the relatonship of
hiishaakind pa the el of The ecosplaie i lmilar 1 Wae of millions of sher Epocies with witich we share
the planet. We depens for both basic neexds and the production of emifscts oo eoergy s muleriel
Mﬁﬂﬁ’hm#ﬂhm-mmﬂnﬁpﬂdhhm
consphere 13 wisne. The major material diffevence berwees momans esd other species o thal i sddition b
aiir hiodegtical snctshobivs, (he homas enlorprise it charactersead by an induirial metabolizm. In
conlogical terms, ol ourioys mad toods (e “capital® of coosomins) sre “the excanmstic eguivalest of
orpasa” [Soereer. 1993) and, liks bedily ergens, mequie continosus Mows of enegy and mabenal o and
frem "rhe erviersment™ Bae their prodectios std operstion. 10 Sallaws dat in & fine werld:

* Beosomic msessments of the human condiion sbould be bascd on, oo o |cant informed by, soological
wnd| bicphysical analyses.

-mmwmhnumﬂﬂmmmm—mm
from. primary producers-green plases st ceher photoayndbewrers - o sequenial leveds
Wﬂmﬁﬂhﬁu}h&uﬂ:w

This approach shows thar humaniind, throagh the indommial seanomy, b baooer: the Saminim coluine
in mos of B Fari's major Wi curmenily * sale” 0% of the nel prodect of serrestrial
ploloaynlheais {Vasusek o al, |TRE) ahd 15-35% of coansl thelf peimary productios (Paiily &
Cheisiensen, |995), and these may bhe maustsinshle proporions. (Clohal fibernies yiekds have fallen seace
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Ammfwrmmmi%ﬂnphﬂimﬂm
wpecies poyraatines, poovysiems, and releoed bioptysios] processes (e onitical self<producing saeoral

camial focks -- sme Box 11 and B waste ssimilatios capacily of the ecosphar. s sdequuie o sedain
he anthcipmed load of e human economy inte the pext century while simolimneondy muinisining e
greperal life soppor functions of the scosphere. This “fmdameniad question” is a2 the bean of ecological
carrying capacity bul is vimsally ignosed by maiasiream analyses,
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il peadhiin ik fhor b * terid Cagial” wad Ohg i imd bl Sk |8 “miieral iroine " M capil il pesides
el AP b R LR, s B Pl el ] PocdeCtad Bvem e o oken oallenee (8 o@one M
o b o o el Capriall. Theose fife sappof sofvevs o shio doesied o saleral et Bisos o Tew 2] sereiivs
Pepity puived s <P g it (ol Dbty PPl ok B0l o iein. D P tai wd dvraredy of th dpusee may fet an
) onmspobes] of baketal i

e wubl-mnlnieining wiing uia semgy Tiuean forma oo el mairmtis
sk st weneed] By, bua moy sha exmTdinl woarviers wivn |ofi e place (e g, Sl eogalation]).
m-ﬂm-ﬂl-—ﬂ'-ﬂ-—nmh“—h-hhﬂmwmh
i o ) Pearal. ity me-penel bl Cifibid ek o Bl Bt nd ponerall g asalopoge K
Tt ey wee Lol lg-beb e gt o el Mol

Thas midcle tahes for ot o8 il bsce imdocaile sk of il T prodedt g o rephos-bable pawesl Capited o daiminl
A ke meppon {ed are prerally son-sabuzioisblc ], S oo o oo pofies e sl ey Son e

Spwive: Kiom {19951, Hisrally sdapsed froen Cransses se Taly {19592

Second Law Argunienls

& relabed rativmale [of revisiting carryisg capacity flowy from coaidderstion of the Secend |Law of
Thermedynarmes. In panicalsr, medern formulalioss of the second low supges that afl bighly-pndered
sysems develop and grow (increase their isbemad onder) "o B¢ ciperdc of inceeasing disonder o higher
[t'l'ﬂillﬂﬂi}-l.t-m (Schaeider & Ky, 1992}, In ether words, complex dynamic sysems
pemain in & ke oontinuoo dissipatinn of svadlable mevgy and material
mammn-mmmm@m-mm#wm
mﬂ:mml&ﬁuﬂmwm Sooch pelf-orgenising
nomequilibrem sysiemns s therefore called “dEssipalive sirectares.

This extenaion of the sseond lew is criiscal io emen camrying capacsty. Cossider thai:
* it bisfriah S20BMTY 5 one soach highly-crdersd, dyramie, farfrom squiditoios discipstive ercione. Ar

= ‘The ecomomy is =8 open, wabaysiomn of 3 materially clopsd, nongrowisg eccephers (Daly,
1997, and is Uherelon oo the Fermation of essergy in te eoogphers for iy growth ind
dinvelopmenta, [This inpet 1o the eenady fom nasers i the “ratesall ineome” reliamed 1 in Bax 1]

Cape Sl crag | 17 Boriogssl Foopris
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This relationskip implies that beyond a cerain poing the continuoss growsh of the economy can b
oaly ul the expense of increasing disorder of ety in the scosphere, mn:m--b:h

TR i

depletion of aatersl copital —reduced Madiversty, srfwaeand pollution, deferestation,

change, eic. [n other wonds. the empinical evidesce suggesis that the sggregace horeas load alresdy
exceedy, el i sead{ly eroding, the very carrring capaciy upon which the continund husane eaiinme
depends. [Finmaiely this poses the threat of unpeediciables scosymenms resrosiuning {e.g., eralic climse
w:mmmwwwmn.wuww-ﬂm
indlered propolitice netskility,

I this fight_ the hehavior of complex sysems and the robe of the sconoey In fhe phobal thermed yesme
hieearchy ihoeld b soen o futdamontal 86 pustsinshility, yel both concepts are alien o the dominan
dev eleprmient-unceied iealingios in the ward luday.

Why Ecemomies Cannot Cope

FIGUREL The Emear trvughput of encogy imasier
POLLLTION
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D] At the same time some ghshal wane sinks seem full 1o everflowing. This relationship implies that beyoad & cerai pomr, the cominuess growth of the ecomomy can Be
purchaged only o the copesse of imcerasiag deorder of esteopy in e conaphere. This i the pomt af whach
Aqumhmﬂmm:mmwm«md_q consurmpison by ihe econteny exosedy nabaral incoems ard weukd b ransfoned drough the coatifinos
spechel popelationg, econyems, snd related bisphysacal processes (e, critieal seif-prodocing natural depletion of nsturs] capital sredered bodiversity, ainfsabeniand pollonon, deforesiation, smedphers
capiial Bocks - soc Box 1], et the wasls assimilation capaciy of the soiphend, 4ie adegaabs b ninalh chisgpe, o, 1n sther wordi, the cempingal evidend mgpest that tha apgregale homan bead already
e antiapeicd sl of the amen stomemy inla the coat opptery whils sinritancogsly madngsinieg tho excends, and is sleadily eonding, the very carrying capacity upon which the contimend humane existonos
gl e support Fenctions of the This *furdamental geeifion” is at the heart of scolngical Arpends. Ultimately this poaes the ihreat of onpredicrabis ecosyems searueiunng (e g., efatic climale
muﬁuumﬂqlmﬁmw change} leafing s sesorc e shonisges, ineressed local sirile, esd 1 heighicned threst of eenlogically
irfuced peopativel insabiliny,
o Mo 1 Cis Ml Cagetal I thvis g, whee Becduviod of comglon, syslems mid the role of th eoodfsnny i b global temesdynanio
Iberarciy sduld be soen ax fmdameniad o sustainahility, yof both conoepis are alien to tTh dominam
Muieral capetal refefii “n Moek ol fliral dein | el veebh b M o ol ni bl poandi iid mrviie e ot fisw © Fra MWHhﬂHm
exmnpic, o foved or i Mk ek cad poveks oo of bafvil Ul i poleaially snisrabds vt il vea T sk

hait pervaincey . Mose | maswsal caplial™ asel e pmislnablc fow i “ruisrd scame ™ Ralerl copital ahw prowidey
B PR 1 et e e L Ao ] (o vl aned [arnction Bacy whurm ket e {ie oo [is Why Economics Cannot Cope
e Forre el pstera] capetal]. Thaos fiks wppen wraoes ore gso cosnicd. s ratarl oo, Sioge the fiow of sorvions

fror scoarauves oiiva respeires g chey Facesion s owan cywsorns, she séracien snd dremnity of B2 eyvien ey e o B !
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Repond Taw Argumenis

A, reimied raionale for revisitiey cerrying capacity Aows Trem consberaion of the Second Law of
Themdveamics. Iy panticulsr, modern formelations of the second Ly supgest that o8 ki ghly-ordered
wyulerna develop s prove (s their internal onder) "o the expense of increasing disonder m higher
Tevels fm the systems banchy® (Sekneider & Ky, 19900 Ie other wiedi, complex Synamie gysters
remaia in & eenauilibiam e teeugh the continpaas Saipaton of svalsble energy and material
{euiergy) extiucled from their bist eovifotesonts, They g & comatual inpat of enesgyimatter 1o
rwirdain dheir intersal soder in the face of spoatmens entropic decay. Such self-organising

nonedqml itium systems are thenelom called "dissipative structanes,”

This extenuion of the second law iz erilical b humen carrying espacity, Consider that- Gal ardep.
* Tha e ocaomy b one sich hiphiyoopdersd, dymamic, farsfrom equilibiam desipatiee stctore, AL

e g P .
Labor mnd |mieatren;

* The sconomy 18 an open, growing. subsystem of § maicrisly clowd, ing ecosphere (Daly,
19492), ard s therefore depesdear on the frmarson of sasergy in the ficar s govweth el ﬂ-—*—-ih*_:—n-i_mrmf diteni the ety donel debred the cirvular
developments. [This mpot 8o the economy from naturn i the “natural income” seferred tn i Bax 1] Jlasiy of kg Vallar {lnaiet Jut of Bagring yut 1 o foippatiansl scospunle amalpits
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wrapemiieg abteiil Capril soks, wivihet e i Crilad maa] W eeds bebos mbah i0ockL can s ldger
it Dartuctvis (i 1R Meravest of B aplaarad Romriny ), e Saracthomed robes ol wash wrcks @ el
ot ysier, o ek oS vides by srsmining kD Mesvahade

Moy scoiopoall gords asd ol mErviee rermain snpriond and e ool sl 1o Sk sl of
el b iond chnps of amy idind. (The cecor layer 1 o co fin prid )

o ol 0 "l es S cxmmmaliion,” *pei the prces nph™ s olborise corsnnd iy d
ovonme vl IFem Mo fan page, e feactioral paaperesey of el reencs (e dos oo
vakaatde cagl dwy're poeel md dibe thewriioad o dderms e Sl posdor Bl pmarmpu o quasaly, ot sleee prce,
iy critiinl coshogcal oo s wviosi (Y il Gl Brosalsy 1995 1s sl

] ﬁ—l-iuﬂuru-hﬂ e bl poodinpal Eriecrane miad Persvaon sad e duvefione wcaqalily of wedcwie g b
iy ol somicrdy of Fwi{eien ook deal e biion,

Part T he somaon Tor this peroepioal bl is e mary of the questions raised by and
thermadynamic considersiion: me invisdhle bo smsadsiceam ppioached, Ecofdinic malyils is baksd on (ke
eizzulas flow of exchanpe valos {monsy flows) throagh the ecosomy, oot on plyysical fie and
teanaformations. Previiing sconomic madels of growth mnd sestsmabifity thus "lxck any represeatations of
the matrriall, encrpy stmoo, MMHWMMHEW&
approach” (Cheisiensen, 1991). Thos whie, the second law is arguably e witimate goversor of scomomic
wciivity, sindard models do not recognize the unsdiectional md (hermodynamically Emeversible fux of
mﬂlﬂ:mﬂmmmhmmmlﬁm conventioasl
appromches 0o conservation ad feom mainly oo the mosey values of marketsble rosource
cEmnodine (g, imbe) aad st insenative 1o the istsegible (bul uhisslely moee valusble) nonerarkel
eculopical functiond of the aabirsl capital than peoduces theen (2. Lhe forest scosymem ). Boo 2
wammarires thiy problem.

In theis Highe, econamist” lack of comrem shost carrying capacily woald seom in derive, in fange part, from
poncepinal weaknessns in their snalytc medels. The sncestary conditioss (i ecological fuilnitabe ey cas
betier e definsd doough te sralyss of physical siccks andl flows sterpresed i3 light of appeopriale
monpical sl complas prisems Boory

Technology and Trade: No Boon to Carrving Capacity

mmm.mimﬂmmlﬂhmuuwmw
cwmying capacity. This is a misconceptinn. Even i the besi of cincumatances, Sechnological mnovation

e mer IS SETRINE GO pef i but caly the eMichency ol resoarse use, In theeey, shifting s
T EREY- um&wmm.mm in ceppon 4 grven
populanen at @ higher matenal sismdard. or a Bigher population o te e material swandard, theeehy
Eheniag b0 incroaie canrying capuacity, However, i either cane, e beat we comld hoge for bn an
incressingly open global ecosomy woald ta to mainisiz tolal leman ked constand iz the vicinily of
CarTyiag capaiy ~ the laiter woald il aiimate]y be lmitag.

In practice, we have not dome aven this well — the scady gaind in eficicacy thioa gl the pou-war

¥ Coarry... Amae-Plasad sl of Sty Tt el o ppige | W1 bk

£ o

elficiency paim may eeoally work qpainar conservathon Thiomgh the prive snd fscome effecn of
gechnclugical gnangs.

Ax Saondens [1992) notes. this counter intwitive hypothesis has been the forus of considsmbls contsoveny.
He tested it using nevclussical prowh theory and found thal eaergy efficiency gains might well increase

resposes b changes in prices and income are referred 10 a8 the “rebourd effects” by
mwlwnmw garvings by imdividuals am mually
rechreciod to ahersative fomms of some or all of the inmial peeemial benef o the
envirenmend {Haroon, [975). To the extent thed sech mochanizma comtribuic 1o increased agprogaic
material cansupion aed sooeleraied soek depletion, they indireaily reslieee caerying caparity.

[Reboend effoets com be svolded if adequae siock depletion eioes of markeshle restirce quooss are
immposnsd. EHuch meersives s be used to stimulalg cosacrvalinn @ the fird place. ) "Fenlupcal
asation” woald mie enil respurce prices, effectively copturiag any efficlency savings s prevesting thelr
fariber circelstion in the economy. Howerer, because of redeond maberal and evergy inberaity, comsmer
mwﬂuwmwuwmupﬂm 195ka L]

Mors pescrailly, however, iecBnolagy can dareclly reduce carying cipacity whale creating e ileiion of
Increasing il We ofien uue technelogy to incresse the shor-tem mmergy sod maierisl flux through
expiotied eomysioma. This sooms fo eshandr syslems prodectivity whille actually permanontly oméng the
ressurce baie, Fof example, the effectivencus of dlocerons: fiah-findiag devices used hogh-sech canching
iecknology tws overwhelmed e rproductive capacity of fish stocks; eeergy-subtidized itensive
practicen in 1he whert teren, bal # alen incseates the raln
of soil ard waner depletion. The ner effect is 10 crexle snsossisshis d:pendencies on ephanred material
Feorwrs {The tecknologiet invobeed ape oftoa hased oa possenewahle resosmes) while rodecing longtamm
carrying capacity.
The carrying capacity gaos from Hade aee alio illusery. Whilt comimodity trade may releass u local
popraliation feom Camyaag capacily conairuingy [ i own bome izenzeny, this merely displaces seme
fraction of that popalatios’s srvironmental load io distant export regiora. b effect. local pomalationn
o othen “snplus” ceerying capaciny. The resuhant incresse in populstion and resoesre use in imgpon
reginme incrraaes lhe Jond of Rumanily on the ecosphere bul thens i mo el pavis in Carmying
since irade reduces the load-bearing wy of the expon regions. [ndeed, like technology, trade
may Evess fevell in redeved ghobal cerrying capatity if ses 1o chesp impoats (e g, Tood) lower the
ircemive for people io comserve their oun local naberal capital siocks fe.g-., agriculim] land) and leads 1
the azeelerated depletion of naieral eapital in dislanl cxpa egiees.
Thess comments am gof 10 be taken a8 arguimenes againd techoodogy or Ende per . Rather the poind as b
emphaties hal foovessas ioms. ahivet both alsosbd be parelully seenammad in light of exmying
capacity consideration: and thal cevisin conditions st be satfied before either can contribule 1o
icological sustainability,

APPROPRIATED CARRYING CAPACITY AND
ECOLOGICAL FOOTPRINTS
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Win: R e Fecke P FaOMAN CaTying cApACity i 1he maximes raes of resoance harvesting and wens
geicvadion {the maximen load) ihar can b sustsined indafinitely withoin progressively impaining the

mmmmﬂmnwmummEMMmﬂ
the coresposding wiould bo a function of inn mmd mean per copitr
mialed el sisndends (Rees, 1988} This defimiion seminds u thst ol the male of nachslogy,

Lutrnlehnlnﬂml:lr. 1588)

Mow, s nooed carlier. a fordameniad question for eonlogical economics is whether sopplies of natursd
capitl will be slequate 16 mocl anticipated dermand inte the nen coatury, [avertag the nandsn] cierying
capaeily ratss suggesis 8 powerful way 10 addeess thin eniszal lssoe. Rather than ssking what popolsson &
particulsr repion can support sustainably, the camryisg capacily question Becomey: Heow large x= sres of
productive land is needed 10 sesiain a defined population mdefinely, wherever on Earsh that lend is
foraind” (Rees, |990; Rees & Wackomagel, 1994, Wackernagel & Fees, 1995). -El'nmm.ln;'li:l'unu-l'
bodies, it shosld be possible o estimain the area of land'wier required o sustainahly ihe quansgy
off may mssunce or ecologacal service used by & defised population al & given kvel of echnolegy. The sim
of such calcebamions for all culegnnies of consumption woakl give o 8 conservative srea-basd
emimae of e nutursd capital requisemenis for dhal popelmion.

A cimple mental exomise serees (o 1llusree the ecologacal reality behizd this approsch. Imagine whai
ekl hapgpes o ghy odern hoses, sorkement & efhah eegio, e defined By e political Bourdsdies of
the area of bailt-up laad, 31 it were esclowed in s glass or plastic hemi chased 1o material
Torws. Clearly tha city would cease fo fusction sed il inkabitsat would wilhin a few days. The
epulation s sconcesy contained by the capanle would barve Becn cut off from book v pescurces and
easential waste sinds leaving i fo siarve and cafTocee ot the same time. by other wonds, the coosystems
entkaingd withis bud jinaginery lrems teemand om okl have iniefTicien carmying capacily b servace the
erolngicel lnad imposed by the contiined population.

“Ths mmerrtal mode] lloanies ibe stmple fact is thar s & pesull of high populston desaliies, the caommou
increase in per capin enerpy and materal cosmmption made podsible by {and roqeired by echnelogy.
snd aniverally ineresaing depeadencie on irade, the fenlopical bearions of husan srlesests Ao benger
dsvations. Twentieth centory cities s indastrinl regions are dependent for
survival and growih on a van axd increasingly globsl bnlorland of ecologecally productiee busdscages [0
sevrd thal in parely ecological terme, modam estilemerts have become Lhe e squivalent of camle
frxdiots!

Cities necesaarilly sppiopase the ecologicsl ontpar ssd life seppet functionm of disisst regions all over the
workd through rommencial irds and the natural beegeochomical cysles of enerpy snd matonal, Indood. the
sl Mo of naliral kscome reqeted by sy defined pepulation can be called its "sppropriaisl eamying

. &imoe (or every material fiow there most be a oorrespondiag | mare of sk, e
il wrea of landwaicy reguired o sustain thess fows on o confinaois batis i the true )
Fesstpriag” of the refiest populatssn o the Earth, (S2¢ Box 3 for definitioes of these esd relued
rexistments of any subject popalation for comparisoa with mvailable supply.

“Footprinting™ the Human Economy
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P Eebritesbigres - 1wl ol socksfwnly prootieg Lsd "pvlabls” per iagtn vn i, sescedy abesd |9 Bociem
C199). A, Fulr smasbury prvtT o v - ot e lops el aed elanan - dvided by waal
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of acbiph iy capaciyy (el b parad e, e BTN
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T firad idep in calcalating the ocelogical footprest of a shedy population is (o coimese the per oot ed

eres appropristed (sa) for the production off each major consumption fem L' We do this by dividing

:ulp anivsal] coasurpion of that item e, in iogfoapinal] by ies sverage amesd preduetivity o yickd [p.
giha) e bestare:

=

In practice, i bs ofien only possible bo estimane sverape per capits consusgtion by dividing apgregse
eonpumition by the eleren) population v, T coane, masy ems (r.g., clodhing and
ferritme]) embady seversd mpoty sad we have foend 3 wseful 1o ctisate he & ieoi appropristed by tach
wgnificant input separaiely. Boologcal feotprint calculations are thorefon both more complcated ind
mmmwmﬁumﬁwwmwﬁwmlﬁ
produce 23 categories of consumer goods and services (Wackemagel & Recs, 19550

'W'e then comnpute the 1otal per capka ecological footprint (ef®) by summing all the eoovymem speas
appevgriaind by vubividial it o the aniesl alagrmag hasket of eonirplinn gondh sl servces:

This, the ecological foogprint (EF_ b of & siudy popalata is the per copiss Footprint multiplied by
population size (M EF = N{zf}

W acocaam for direey feasil energy eommsmpios sl e energy coment of conmmption b by
estimaling the area of carbon-sizk fores than wosld be negired oo sequeer the carbon dioxides cmiksians
wiwciabed wirth burning Soail Farhs ([oarbon emissons'rapitalifassimilstson reethoctare|), on the
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ammmptien thal simospheric slability b coatral 1o FeixakSy. (An aliermstive i to easmae the area of
faned required to produce the hiomans enesgy equivaload [sthanad] of fossil cnergy commmption. This
produces & lesger energy fooiprist than the carbon assimilstion methed. )

Every efToi ia msde w avweid dessblecousiag in e case of mokipls 1ond nses snd whene there are dais

predleme or sigmificast anccrisinty wee e on e sado of catios. Alle, while we define (e fosEin
crerprehomaively in inclde the Lardbealir arfad rjuired Tor wle saimilalion, suf calzulalion b dale

ﬂumhmmmlhemm& fully for thes coological function
would sdd congiderably 10 the ccosysiem arca by econeimic sctivaty, Tegtihed thes [t
wegpent thal gear esulogical fooprinl calealation 1o date e mose [Hedy 1o be snder-estimates tha

CVET-BETITAREA.

Dues freem my home iy, W encouver, Briond Columbia, Cansds, serve 1o Seairals application of the
m\'mmhiw[l'ﬂl}Hmﬂumd!llh’[lt.ﬂm
Hawaver, the pverage Canadizn mequires aver o beclase [Bal of crop and grasing land under sufeem land
managemenl prastices lo prvduce hiaker high meal proteis dict sad shoat 8 ba for wood ed paper
e tated With widiom ollies 1n addition, sach “ocoopies” sbom 3 ha of scologically
degraded sad built-over {e.g.. whan) land. Cansdsans ar ales smong e workds Baghes fosnl energy
conwirsen with wn ehmesl cabon amision roe of 4.7 oones carbon | 154 tores COX) per coite {dat
ceerecied for carbos comtent of trade gonds}. Therefore, ot o carbos sequestering raic of |E orscabalyr an
additional 2.3 ha of middc-gged Morth temgenate foie wosld be required as & coatinnoes carboa sink b
assrmilage the average Canadian’s carhon emsissions (aasuming the need 1o gabiiee amasphezic catos
doxide levels)

Considerisg only thees dat, the terreurial “personal planetsid” of o typical Vancouverite ipprosches 4.1
I, oo wikevsosi three times boubher “fuir Eartbahace * | As sdditional .74 ha of continestsl abell "pesicape” i
apiErpriaed o producd e average Cansdian's snieal consurngieon of 24kg of fish.| On this baais, the
&2 000 people lving in Yanoower requine, comsrvatively, L00million ha of lesd for theis exclavive me
i memdalais Cheir surrend patter {pssurmiag soch lard s being mansged semainahiy).
Hivwever, the aren of the eity is eaby sheat 11800 ha

This means that the ity popalation appeopoates the prodective ostpul of & land area rearly | 74 tunes

laper ihan ity political anes 1o seppont ils fresest conaumes ifesiyles [The Yancouver Reglonal et
it wrea, wich 1.6 million inbabitanss aed & besd-bae of 3930 km?, has a0 ecological footpein

ol 6, T20,000 ba, 27 times s geographie srea | While this ressh might ssem exrsondiaarny, other

peseaer by harwe ottained sevolar resulis. Polke et al. {19548 repon that the agpregale comsumption of

wannd, pager, Miber, aad Fond (includieg seafocd) by the: inbabitanrs of 29 cities n the Baliic Sea

Beiin) Appenpeiaies o eooryiem krea 200 tares Lerger that the area of the cities themselves. (The latier

sy doees et include energy land.)

Many whabe developed cousories have & similar on exiermal sooprodictreily.
The Methesrlands (areac 15 9030 5g km) serves fo ilesirate: We catimate that the penple of Holland reqoure &
land srea mrore thas 14 i 15 demes buger than thesr comiry bo support cerrest dosestic comumpion of
Tood, fores products, and eaogy (Figw 2) (Rees & Wackornagel, 15994), The food fostpriss slone is meee
ihan |00.000 eguane klometen, bawed on world sverage prodectivities. Indeed., Duich gnvemment daes
mumm‘mwﬁﬂmmﬂﬂmtﬂidmumnhﬁmh
ihiard wowld, for feod peoduction (inchading walue-added food produced in the Metherlands for
export} [RIVM, 1991, cned b Mesdows ef al. 1992). [Meat of the impoeied “food” b fodder for domestic
livemeck This s u suificieni *Sscond Law™ of the faci thal animal manbess reprosals oa of
ithe mosi prossing wastn dizpooal problemm confrostisg the Netherlasds!| This "impored” land b five 1o

WO 0 A

Eivirgm ) hriprind - Eevaiimy Cwip o Ao sdopory of Dl satataty
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seven s che wrea o Holland's Somesitc smable L

It &2 worsh remembering that the Metherlands. bloo Japas, is ofien held op &5 & ecosomic sscoes siory and
e example for the developisg world o fellow, Desjeis small size, fow naural ressences, and eclatively
Iracks Balances i mgsured @ motetary termk, Howsver, owr snalynin of phyeical lows shows that thoor
Endl sl ookt en-called “sdvasosd” sonbmien e FERRnE Shdive, inscouled, stolopical defeili with
the rest of gha plasecd {Table 1) The e bwo colemns v Table | represent low estimaies of these per capita
evodagiesl deficits is & eelection of developed eousiries. Fven i thesr [and wese (wise o pradustive i
work] sversges, many Eoropean coantries would still rem s deficit mone e three times lseger than
domeRtic nalurl Eooine.

Thesr dala 12 Uil all the cosatric listed, saorpl for Cansda, am v in meologacal
m—ﬁﬁﬂﬂ“dﬂuﬁu.mmﬂﬂ“ﬂhﬂw

chasging
cincamslances o live on theis meatticg codewsents of dometis natural cagital, This is bardiy a goad
medel for B pen ol the wodld 10 follow,

FIGUREL The Eoological Foofprist of the Nelhorlands
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With an sres of 33,930 square kifometers snd o ivaman populsiion desity of #40%m?, the Metherlands
depends on rhe scological prodscenity (camying capacity) nf g wra almo |5 bmes leper than the entite
ey,
Cmradds {lnerpe ares, rescurce nich, smadl pomlston) i oo of the few cossnibries Bhad conNumes
““ﬂ“mmm-w-m;“‘]“ﬂ”ﬂ“www
vt of emergy. forest, fishenes, agricelmrl pmodects, e, In dhort. Caasda’s sppasenl scological
wmrpluses ape being incorporaied in puen by teads ino the ecological fotprints - usd deficin — of other
ousiried, pi ealerly thoae off dhe Lrited Sasies noad Japan.
Sustaining Development with Phantom Flanets?
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Ecolagical deficils arm 4 isasine of th enbroge: baad and neralian) "diiondening” bong. imposed on e
ecnspherr by so-ralled sdvanced cowminies & the uraccounbed oot of maintaining and further exparding
Elasar wealihy coasimey poeanmess This Iaive S imbalance Syokas whil might be called the it
arzpm of crplogicsl foctprisl sy Oo s frcte planel, pot alll coentrics or rpmn cam by not imperere
of canrying capacity. This, bn fom, as senioos Eplications for ghobel development tresds.

The cerreal objective of nernation] development is 10 mise the wotld 1o peetent e workd
malerial standands, To achieve this obgective, the Brandiland Commissio argeed for “moes rapid
econiee growth i bo indmiral snd developing comiries” and sugpesied that "s five 10 uen fald
increase in workd indestral catput can be anticipated by the time world popalatios: sisbilires come time in
the pext cemury” (WCED, 196T),

Ll v caagmine (ki prospoct weag ecological fostpriat snatvis, [T jos the presonl workd popalaton of 5.4
billios pedfile wede b live ol duisenl Noith Amaiican seolagical mandsnds (iay 4.5 balpemoal, &
reasomabks first ian of e iocal prodective land i would be 26 billion ha

present eschaslogy), Hiveever, theee are only just oves 13 hillion Ba of land on Esnh, of which ealy 3.9
billion are scologically preductive coopland, pastee. or forest (1.9 hafpamon). s shoe, we woald seed an
sdditional two planet Earths to socommiodale tae imceeased ecological load of people alive inday. I the
popelation were bo sishilize 51 between B0 and 1§ baflion sometime in the nex cemtury, five sditionsl
Enrthes wonld ke meaded, all elee bring gl - sd this jest o maintain the prewset raie of acological
decling (Rees & Wickemagel, 1954)

Wkile rhos may seemm io Be an sssnlshing result, empirical evidesce suggeses thar five phssiom plasets i,
hm.mmlMFhmH”fmmﬁmﬂﬂ-m
and regivmal-acale scological change in e form of smasphenic change,

water depletion, deformiation, Raberies sollapee, loa of buodiverdty. o2, ummum
evidenoe thal sggregane conpumpion excesds nataral inooime in cemain craiesd calegonies ad that the
carying capasity of thit cnc Farth is brisg seadily reoded. [We should remember Lickigs “Law of the
MiRssmirn” i this somteae. The praductiviry and elbssstely the servival of any complen gyatem

on aumerous asongial inpais or sinks is limiled by that stingle variahle in least supply. | In short, the
eenlogrieal fostpriny of the present world popuiaion! sconemy already excerds the wtsl prodoctive sees (or
ecodagieal space) mvallahle om Eand.

Thes situsiion i, of coure, rgely simrbaisble s connesgpdon by thai wealthy quaner of de worlde
popalaton who sso 75% of plobal respomirs, The WCELY S " five- $a toi-fold increaar in industnial output®
wal docimid sideiaary 1o sdbdreds this cheigas incquity whils scoominodating a seick lafper pojulifion.
Herwever, since the world b sbready coclogically (el sustalnable groweh on this ale osing prescs
techeology weuld require af [east] frve So ten sdditional planets.

ADDRESSING THE DOUBLE-BIND OF SUSTAINABILITY

Humaniiod sow semms b be the victim of & ghobal "ceich-32° of ity oem making. More msteriad growts, o
leddt in e poor countied. e cisealia] fof BCibieonom: manliasta iy, vel aay plobal increaie o
materil tesughpet is unsusininable. What does evological foopront analyess have o sy
ﬂ;ﬁhlﬂmumhﬂﬁiﬁﬂ&tﬁm
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W The wealthy already conseme on sverape theee Smes their (air share of wsizsinable glotal cutpo.
Since additional materia] gprowth is rich couiries would spproprise sdditinsal caryisg capacity
Tunher relueing the epulogical space svailahle 10 foor countries, it i beth soologeally danpeious
and momally questionabde. To the extent we can create reom for growth, it should be allocaied 1o the
e weushl,

B Confdienee in the abiliny of anregulated rde snd wechnodogy oo overcome scolkegical limies on
material prowth cannod bo jedified. Indood, # i arguahle thal eeder preiling asrssplion.
expanding trade md dominam iechnnkogies are allewing humasiry danperously io overshoot

e acological Paotprinis, and b) ta the evtent that trade increases total e ke on the posaphers
anil asixlrraies the depltivon of aafural caperal, of rduers the reniogical safety net for all and brags
us closer 10 ghobal lemite. Cobal tems of trede musl tharefore be ressaemimed (o enseee that it s
rruitablc. socially comtructive, g confined ta roe reologacal ppluses, A the wery leaald prices
i pedlect eniernalities and the benefi of groweh from erde sheald flooy o theee swhs
netd tham most (eoe: Bees, | Fodb)

B Dn & e planel, eeolopieal irsde is & 2eso-som game = there com he Bo net imporiaton of carmying
capacity for the world as o whole. Ecological footprist ssalysin provides a seeful sool for te
w*i“ﬂﬂw&ﬁ lyeal] aeiianll. These wotild asiisl coanifes e Of
(bic=] regsons 10 compunie their e eoclogical loads on the eoosphers and to mositar cher
meologiralhormadyaamic thdit halssors, Soch scoousty woulld alan enable the wotld ¢ ommunity i
ensnTe thal aggeegate global flows do st exceed sostainshie namml incoone (plobal camrying

capacity).

8 Urbanization. globalization, and trade ofl rechuce the negative foedback on local popelations fros
ensmrainghls lond and resoerce mansgesoenl praciices. (For ensmple. irade enshies os o diecoant.
e wahie of local netural capitsl and bimds e o the negatives consequences. of oer
ever-coniumplion which afien scone in disant expon segions ) This peovides s forther wrgomend o
W1 the empharis in develaprsenl From glehal eooncims egraleen and wied degional Seposdéacy
torwiand eoclogicel halence and relative self-peliamce. (I all regions were in

e apgregale efisat wnould Be gholl sability, ) This peairssn b eompaiisle with Dalys
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DEETEN ruesday uy ), 1997
More Chlorine? No Thanks

If the last paragraph of the
article on MagCorp's chlorine (Tribune, June 7) is true, then by what right can the
Utah Air Quality Board grant even a six-week variance on chlorine emissions to
MagCorp?

That paragraph reads: *"In small doses, chlorine affects the respiratory system. The
chemical can also irritate the skin and eyes. Experiments on animals show that
long-term exposure can damage the immune system, the blood, heart and the
respiratory system.”

Would about 30 years of exposure to MagCorp's chlorine emissions be considered
“long-term exposure"? Has MagCorp been emitting only ““small doses” of chlorine?
Do humans have immune systems, blood, heart and respiratory systems as do the
animals that are being shown to be damaged by chiorine?

Why then should Marv Maxell, of Utah's Division of Air Quality, or even the whole
division, knowing all the ideas in this article, have the unmitigated effrontery to
assume that chlorine emissions will not harm humans?

LOUISE HESS

West Jordan
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FROM TECHYRAIN CONSULTANTY 83.21.1998 113158 P. 1

Mar. 20, 1998

District of North Vancouver
P.O Box 86218
North Vancouver, B.C.
V7L 4K1
Attention: Mayor Don Bell and
Counclliors
Trevor Carolan Ernle Crist Janice Harris
Glenys Deering-Robb Lisa Murl Pat Munroe
Re: Residential
Land-use Risk Assessment In Maplewood
Dear Mayor and Council::

With the QRA we have one tool for the job - not that the job Is done.

Statements by members of Councll and Mr. Torry Indicate the belief that the acceptance of
the CXY QRA Is the conclusion of risk evaluation in Maplewood.

In fact, when we talked about residential land-use, both consultants (Bovar and Arthur D,
Little) stressed the point that the QRA Is one plece of information to use In the community's
determination of acceptable land-use.

MIACC is not a standard and CXY Is not the only factor.

MIACC and the Bovar report deal with the risks assoclated with the CXY Chemical Plant.
CXY is not the only hazard impacting Maplewood:

- CXY and Sterling Chemical Plant operations

- Mohawk oll refining and storage operations

- Seymour river fiood plain - expected 2 feet of water

Risks should be considered In a cumulative and comprehensive manner, and with reference
to each specific land-use. Residential, retall, office, warehouse, manufacturing bulidings - all
have different risk exposures. They are not the same thing.

MIACC is not a standard - it is a guideline for the process of riskland-use determination.

| believe one effective way to approach this is with a land-use planning group consisting
of NVD planning, the Emergency Program manager, Arthur D. Littie, and the community to

study land-use and risk acceptability in Maplewood.
1 urge you to consuit Mr. Ross Petersen and Ms Lisa Bendixen about the
proper Interpretation of MIACC.

Ross Petersen Emmen&ul;mgtam Office 983-7440
Lisa Bendixen Arthur D 617-498-6120

Yours truly,
Trudeau

ccC.

yor
Ross Petersen, Emergency Program Office
Lisa Bendixen, Arthur D?ﬂtﬁe

members of the community

sasiNDenn



FROM : SADLER & CD PHONE NO. : 634 929 2050

March g 1998

The Corporation of the District of North Vancouver
355 West Queens Road
North Vancouver, B.C,, VIN 2K6

Open letter to Mayor Bell of the District of North Vancouver;

Re: CXY Public Hearing March 31

memmmmmmaﬁm
There have been no public meetings to explain what is proposed. All meetings
held have addressed the safety concerns at the chlorine plant and not what was
planned on the adjoining land.

The fact that Your Worship permitted this to proceed to a public hearing March 31
without first holding a public information meeting is beyond reproach.

20
Vehicle trips in excess of 50,000 per day in & off the site will have & catastrophic
on the Dollarton areas transportation network, yet no detailed traffic analysis is
provided or explained.

Taxpayers will contribute $10 million in infrastructure with no promise that
liveability won't be affectcd. Yet no public information meeting is provided.

I believe Mayor Bell, you have made a mockery of the process and have
performed a grave injustice to your community, The public will not be railroaded
into compliance.

Yours truly,

David Sadler

¢¢ Ministry of Municipal Affairs
North Shore News



ND. 121 po1

83/19-98 18:13
684 984 95637
03719/98 THU 09:57 FAX 804 8584 96a7 CLERKS OFFICE CODNV +++ ERNIE CRIST @oo1
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O Agenda Addendum Dato: tem ¢

The Corporation of the District of North Vancouver
REPORT TO COUNCIL

March 18, 1998
File: 3060-20/8.83

AUTHOR: Councillor Emie Crist
SUBJECT: Rezoning of Property Being Used for the Production of Chiorine

quhmuhmmowmmmmmimofdlmﬁuhh
mmmwmwmmmmm@wmuwmﬁma
Waterfront Industrial Zone (11) and General Industrial Zone (12) to @ new Comprehensive
Dw:bpmmthm-lbwing%’ﬂimvummwmponmmm
WMmmmnymwdm.

REASON FOR REPORT:

SMMWMWNSWMaan.anN
mmtOMMMIwwwomsmdswm.

existing
legally non-conforming status. Bymwmmmm.mmmooi-MddM
Vancouver would be cigarly art ating Its long term vision and intentions.

Dacsmmant Mo 1 1507
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SUBJECT. Rezoning of Property Being Used for the Production of Chiorine
march 18, 1908 Page 2

The opportunity to address this issue is further enhanced by the need 1o expend significant
sums of money for the creation of a business park and industries next to chlorine producing
facilities that are more compatible with the production of chiorine (i.e. heavy industry, non-
labour intensive, elc.) than they ere in fulfilling the long tarm objectives and needs of the
District

Waterfront property is in high demand by companies throughout the world. It is crucial that
we not sacrifice our long term vision for a short term perceived gain.

Submitted by:
Councillor Ernie Crist
EC/yjd

xc:.  J.I. Torry, Acting Director-Community Planning

Dooumant No- 116973



David Edward Sadler

March 16, 1998
The Corporation of the District of North Vancouver
355 West Queens Road
North Vancouver, B.C., V7N 2Ké6
Dear Councillor Carolan:
Re: CXY Public Hearing March 31

I believe you have acted in an irresponsible manner in allowing this rezoning
application proceed to a public hearing,

The public are completely ignorant of this proposal. The fact that no public
information meeting has been held is unconscionable.

Your action has undermined the public process,

Yours truly,

David Sadler

¢c Mayor & Council



FROM : SADLER & QD

PHONE NO. @ 6B4 929 2050 PE2

David Edward Sadler

Ministry of Municipal Affairs March 18, 1998
Room 124, Parliament Buildings
Victonia, B.C,, V8V 1X4

Dear Mr. Famworth;

On March 16, the Corporation of the District of North Vancouver voted to allow the rezoning
application for Canadian Petrolewn Ltd go to a public hearing on March 31,

Residents have no idea what is proposed or the significant ramifications which will result
because no public mectings have been held. Several public information meetings have been held
addressing the safety concerns of the corporations chlorine plant, where possibly vague reference
was made. However I do not know of any formal presentation addressing the various
components of the project. I maintain the general public are completely ignorant of what is

proposed and beg the Ministry to intervene,

I believe District Council’s actions made a travesty of the public process.

Yours truly,

David Sadler

cc District of North Vancouver
North Shore News
Federation of North Vancouver Community Associations
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From: REG: :NOEL "NOEL_GIFFIN" 19-MAR-1998 16:52:40.21
To: kost

CC:

,Subj: clorine ref's (last is best)

uctp://www.nsc.org/xroads.htm
http://www.nsc.org/ehc/ew/chems/chlorine.htm
http://www.epa.gov/opptintr/chemfact/f_chlori.txt
http://www.epa.gov/opptintr/chemfact/s_chlori.txt



RTH VAN CITY & DISTIICTK"\WIST VANCOUVER ¢« LIONS BAY

NORTH SHORE »

Rl <,
s

Forud i ¢ pecprew sonbue ey lm \\‘mvw SU" C THURSDAY M\RC" 19, l‘)‘)B

North Van proposal | resurrected

A chemical plant that produces chlorine gas will go to a public M“W Sonrat, oUL L T ot

hearing on plans for light industry, offices and warehouses on land  =al e s da hazasdons or pobiucteg indus-

it owns between its plant and the Maplewood neighbourhood. the peview has allaped e fers D0 peopie out X They bave fus! 3
of arigh- .xa:

those reidents of the @weda”
CLESN BOYN co_n*y-d--mhuzal and warchowse-based Susiness  bourhiood who were coacemed tumwu*
\.~.e.'.”.i..'~:.:";u-~x a1 vxmww m-“.lt“cxyca::m m.m. “:"‘ lm
Tenduces deady cilopnw'a:r tN kuommior w"w o elmmth.?:m:; loclou or meve lhc inm
W’.Yéfnﬁ’&’."élﬁ 'l‘.'Z mnm:.“mﬁ f&?ﬂ-ﬁﬂ"ﬁﬁ?& 'n:’reudm ol.t.:er:l’:“l:' M%m »
'.'S‘Z'“'ﬁ«'?lﬁ".'.".': Lﬁ"":ﬁ"ﬂ"“mﬁ?" .m.- ublic hulr hmunuven 1::%“«%3'&"731
ncmﬁu :lxhbot ul:adueda thpc‘t . . a whifl of chlocioe. ber  the waid.
Nl‘:llwammnemeww mu-u ~ five years alter amﬂn fou 'u'.?ﬁ.:qumm Mﬁma%n:::;
L\M n&ﬁﬁ :m&.‘i mm.ﬁcyl‘nmm cmmunamn:o: WMQM'OI Mgm,mh
{| g5 it s e o
A £ & il Eeelhlhnnihl
| B2 i Bkl
: em»-*a;-zia i 2
| 28 Rlietiinhint 55{;%33?.53
S B2 2 = 8
E Oux 3 S3883 924335 . JLi38
1 = o1 Ngi' °§%§ !i iﬂszig i i iigg
5 25 1adsE,ii EHEH
e 23 3{5 F E KEdsRapdEsil =a§§
|3 5 2 denuigdy LI
{HERE e
i S e GFziin HE G HE R



EPA 7
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OFFICE OF POLLUTION PREVENTION AND TOXICS
U.S. ENVIRONMENTAL PROTECTION AGENCY

August 1994

This summary is based on information retrieved from a systematic
search limited to secondary sources (see Appendix A).
include online databases, unpublished EPA information, government
publications, review documents, and standard reference materials. No
attempt has been made to verify information in these databases and

secondary sources.

I. CHEMICAL IDENTITY AND PHYSICAL/CHEMICAL PROPERTIES

These sources

The chemical i{dentity and physical/chemical properties of chlorine

are sumnarized in Table 1.

TABLE 1. CHEMICAL IDENTITY AND CHEMICAL/PHYSICAL PROPERTIES OF CHLORINE
Characteristic/Property Data Reference

CAS MNo. 7782-50-5

Common Synonyms none

Molecular Formula c12

Chemical Structure Cl-Cl

Physical State

Molecular Weight
Melting Point
Boiling Point
Water Solubility
(see note)

Density

Vapor Density

KOC

Log KOW

Vapor Pressure
Reactivity

Flash Point

Henry's Law Constant

Fish Bioconcentration
Factor

Odor Threshold

Conversion Factors

Note:

greenish yellow
diatomic gas

35.453

-101.000C

~34.050¢C at 750 mm Hg

7.3 g/L @ 20eC
14.6 g/L @ g/L
1.468 mg/L @ QeC/
3.65 atm
3.209-3.214 mg/L

(dry gas)

@ 0eC/1l atm
no data were found
no data were found
5.85 x 103 mm Hg & 25¢C
highly reactive; forms
explosive mixtures
with flammable gases
and vapors
nonflarmable
no data were found

no data were found
0.0020 mg/L (waterx),
0.31 ppm (air)
lppm = 2.9 mg/m3

1 mg/m3= 0.34 ppm

Budavari et al.
Budavari et al.
Budavari et al.
Budavari et al.

U.S. EPA 1989

U.S. EPA 1989

U.S. EPA 1989

CHEMFATE 19%4

HSDB 1994
HSDB 1994

HSDB 1994
U.S. EPA 1989

When chlorine is added to fresh water, the solution will usually

1989
1989
1989
1989



contain two forms of free chlorine: hypochlorous acid (HOCl) and the

hypochl
may be

orite ion (OC1 ) (U.S. EPA 1985). Other chlorinated compounds
present, depending on other materials present in the water, The

term “"total residual chlorine" is used to refer to the sum of free
chlorine and combined chlorine in fresh water,

II. PRODUCTION, USE, AND TRENDS

A.

Production

There are 18 producers producing chlorine at 40 facilities in
the United States. Table 2 lists producers, plant locations,

and plant capacities. Annual US capacity is over 13 million
short tons. In 1992, approximately 11.7 million short tons of
chlorine were produced in the US. 1In that same year, 274,000
short tons of chlorine were imported into the US and 34,000 short
tons were exported (Mannsville 1993).

Use

Chlorine is used in a number of industrial spplications. Its
largest use is as a raw material in the production of ethylene
dichloride, an intermediate for vinyl chloride monomer and
polyvinyl chloride (FVC) resins. Chlorine is also used in the
paper industry to bleach pulp, in the production cf chlorinated
solvents and chlorofluorocarbons (CFCs), as a disinfectant or
fungicide for a variety of purposes, including water purification,
cooling systems, meat, fish, vegetable, and fruit processing, foot
baths, dairy equipment, laundries, and dishwater, as well as for
shrink-proofing wool, in special batteries (with lithium or zinc),
and in the manufacture of propylenc oxide and pesticides. Table 3
shows the estimated 1993 end-use pattern for chlorirne.

Trends

Chlorine use in pulp bleaching and in the production of some
chlorinated solvents and CFCs is expected to decline due to
environmental concerns. Overall, demand for chlorine is expected
to increase approximately 1 percent per year for a few years,
followed by a period of moderate decline (Mannsville 1993).

TABLE 2. United States Producers of Chlorine

Company

Plant Leocation(s) Plant Capacity
(in 1,0008 of short tons)

BF Goodrich Calvert City, KY 115 KYpoo 6370167

Dow Chemical Freeport, TX 2,400

DuPont

Formosa

Ceneral

Plaquemine, LA 1,150 LADOS711 743
Niagara Falls, NY 85 NYD A1 503
Elf Atochem Portland, OR 150 ORDooTWRISy O

0

Tacorma, WA 9
Plastics Baton Rouge, LA 200
Point Comfort, TX 625
Electric Burkeville, AL 25



Mr. Vernon, IN 55
Georgia Gulf Plagquemine, LA 450

Georgia Pacific Bellingham, WA 50 WAD 00G 15 2?"?7
Brunswick, GA 30
Hanlin Acme, NC 53
Brunswick, GA 101 s
Orrington, ME 80 MCDeo24170(
La Roche Chemicals Gramercy, LA 205
Miles Baytown, TX 130
Niachlor Niagara Falls, NY 240
Occidental Chemical Convent, LA 308
Corpus Christi, TX 455
Deer Park, TX 396
Delaware City, DE 139
LaPorte, TX 525
Mobile, AL 42
Muscle Shoals, AL 145
Niagara Falls, NY 330 N\bockiyy PL
Tacoma, WA 220
Taft, LA 645
Olin Augusta, GA 110
Charleston, TN 255
McIntosh, AL 400 =
Pioneer Chlor-Alkali Co. Henderson, NV 115 NyDob2®IS00
St. Gabriel. LA 120 A
PPG Industries Lake Charles, LA 1,265 !
Natrium, WV 380 L D?.?ll?é‘rl@
Vulcan Chemicals Ceismar., LA 249
Wichita, KS 255
Port Edwards, WI 73
Weyerhauser Longview, WA 140  WAD goq04 |450
Source: Mannsville 1993.
Sic=231L
TABLE 3. Estimated 1993 United States End-Use Pattern of Chlorine Ay pr vt [Mamnd

Use of Chlorine Percentage of all Chlorine Use

({typical Standard Industrial
Classification (SIC) Code) (see end note 1)

Ethylene dichloride (intermediate for PVC production)

(production, SIC 2869; use, 2821) 35%
Pulp and paper (production, SIC 2621) 11%
Propylene oxide (production, SIC 2869;

use, various industries) 8%
Chlorinated ethanes (production, SIC 2869;

use, various industries) 5%
Chlorinated methanes (production, SIC 2869;

use, various industries) 4%
Other organic chemicals (production, SIC 286;

use, various industries) 16%
Inorganic chemicals (production, SIC 281;

use, various industries) 11%
Water treatment (used in various industries) 5%

Miscellaneous (no applicable SIC Code(s)) 5%



Source:

Mannsville 1993.

II1. ENVIRONMENTAL FATE

A.

D.

Environmental Release

In addition to the chlorinated water that is released into the
environment from sewage treatment operations and other sources,
chlorine is potentially released during its transport; from its
manufacturing/processing facilities, such as the pulp and paper
induscries and plastic and resin industries; and through the
disposal of consumer products containing chlorine, such as auto-
motive fluids, household bleaches, and refrigerants (HSDB 1994;
NTP 1992). Limited monitoring studies have detected chlorine in
the ambient atmosphere at concentrations ranging from 1 to

3.7 mg/m3 (0.344 vo 1.27 ppm) (HSDB 1994).

In 1992, releases of chlorine Lo environmental media, as reported
to the Toxic Chemical Release Inventory by certain types of U.S.
industries, totaled about 69.9 million pounds to the atmosphere,
1.2 million pounds to surface water, 48 thousand pounds to
underground injection sites, and 46 thousand pounds to land
(TRI9Z 1934).

Transport

Vaporization of molecular chlorine (Cl2) from water to the
atmosphere may be significant at low pH values and high concentra-
tions (e.g., pH 2 and 3500 mg/L chlorine), but is insignificant at
neutral pE and low concentrations (U.S. EPA 1989).

. Transformation/Persistence

1. Air - Information regarding the environmental fate of chlorine
in air was not found in the secondary sources searched,

2. Soil - Chlorine may react with soil components to form
chlorides; depending on their water solubility, these chlorides
are easily washed out from the soil (Seiler et al. 1988).

3. Water - Chlorine hydrolyzes very rapidly in water (rate
constants range from 1.5 x 10-4 at 0oC to 4.0 x 10-4 at 25¢C;
half-life in natural waters, 0.005 s) (U.S, EPA 1989)., In
fresh and wastewaters at pH >6, complete hydrolysis occurs with
the formation of hypochlorous acid (HOC1) and chloride ion
{(Cl-). The hypochlorous acid ionizes to hydrogen ion (H+) and
hypochlorite ion (OCl-). At pH valuas >5, OCl- predominates; at
pH values <5, HOCl predominates (U.S. EPA 1989). Free chlorine
(Cl2, HOCl, and OCl-) reacts rapidly with inorganics such as
bromide and more slowly with organic material present in natural
waters. These reactions yield chloride, oxidized organics,
chloroganics (including trihalomethanes), oxygen. nitrogen,
chlorate, bromate and bromoorganics.

4. Biota - There is no potential for the biocaccumulation or
bioconcentration of chlorine (HSDB 1994).

Chlorine in Drinking Water



Chlorine, added to drinking water as chlorine gas (Cl2) or hypo-
chlorite salts (e.g., NaOCl), effectively inactivates bacteria
in 20 minutes at concentrations of 0.03 to 0.06 mg/L at pH range
of 7.0 to 8.5 and temperature range of 4oC to 22¢C (NTP 1992).
Data for over 80 water supplies throughout the United States
indicate that the facilities applied chlorine at ranges of 1 to
23.7 mg/L and residual levels ranged from 0.2 to 6 mg/L (HSDB
1994).

V. HEALTH EFFECTS
A. Pharmacokinetics

1. Absorption - Following oral administration of (HO)36Cl to rats,
36C1 was rapidly absorbed into the blood where concentrations
peaked in 2 hours for fasted animals and in 4 hours for nonfasted
animals (U.S. EPA 1989).

2. Distribution - Seventy-two hours after oral administration of

3.26 mg/kg (HO)36Cl to male Sprague-Dawley rats, the
concentration

of (HO)36Cl was highest in the plasma (0.77% of initial dose),
followed by bone marrow, kidney, testes, lung, skin, duodenum,
spleen, liver and carcass, and was lowest in the ileum (U.S.
EPA 1989). A similar pattern of distribution was observed 36
hours after administration of 2.61 mg/kg (U.S. 2PA 193893).

3. Metabolism - Free chlorine (Cl2, OCl-, or MOCl) is a strong
oxidizing agent that reacts readily with biological materials
{including proteins and nucleotide bases) to produce a variety
of organic chlorinated compounds (U.S. EPA 19389). At least one
investigator demonatrated trihalomerhanes in the plasma of rats
given oral doses of sodium hypochlorite (NTP 1992). Experiments
in fasted rats have shown that 81% of the total 36Cl in the
plasma, 96 hours after administration, was in the form of
chloride ion (U.S. EPA 1989).

4. Excretion - Chlorine is excreted from the body primarily in the
urine and feces. Rats given oral doses of 2.61 mg/kg of (HO)36C1
excreted 36.4% of the administered dose in the urine and 14.60%
in the feces within 96 hours of dosing (U.S. EPA 1989). 36C1
compounds were not detected in expired air.

B. Acute Effects

1. Humans - Oral doses of 2.5 mg chlorine/day, administered to 10
men for 12 weeka, had no adverse effects (U.S. EPA 1990).
No adverse effects were noted in persons ingesting water
containing 50-90 ppm of chlorine (~1.4 to 2.6 mg Cl/kg/day) for
a short periods of time (U.S. EPA 1989). Drinking water
concentrations of >90 ppm chlorine caused irritation of
membranes of throat and mouth (U.S. EPA 1989). Concentrations
of chlorine in the drinking water of greater than 25 ppm make
the drinking water unpalatable (U.S. EPA 1989).

Chlorine is a primary irritant to the mucous membranes of the
eyes, nose, and throat and to the linings of the entire respira-
tory tract (Stokinger 1982). The extent of acute injury to
humans depends on the concentration and duration of exposure
as well as the water content of the tissue involved and

the presence of underlying cardiopulmonary disease (HSDB 1994).



macrophages

1) .

The catimated clinical effects of varying concentrations of
chlorine are as follows: mild mucous membrane irritation at
1-3 ppm; moderate irritation of the upper respiratory tract at
5-15 ppm; immediate chest pain, vomiting, dyspnea, and cough

at 30 ppm; toxic pneumcnitis and pulmonary edema at 40-60 ppm;
death at 430 ppm for 30 minutes or 1000 ppm for a few minutes
(HSDB 1994). Seventy-gix individuals, exposed during a football
game when approximately 1100 pounds of chlorine gas were
released from a plant, suffered no serious or prolonged
incapacitation due to the rolease (HSDB 1994). If one survives
acute exposure to chlorine, recovery is usually complete and
rapid (U.S.EPA 1989).

. Animals - ICS50 values for rats and mice are 293 ppm for 1 h

and 137 ppm for 1 h, respectively (HSDE 1994). [ICLo values
for other species range from 330 ppm for 7 h (guinea pigs) to
660 ppm for 4 h (cats and rabbits) (U.S. EPA 1989). Mice and
rats exposed to chlorine at the RDS50 concentration (9-11

ppm, 6 h/day for 1, 3, or S days) developed degeneration of
olfactory sensory cells in the olfactory mucosa, loss of cilia
of the respiratory epithelium, and cellular exfoliation,
primarily of the naso- and maxilloturbinates (HSDB 1994).
Signs and symptoms of the acute oral toxicity of chlorine in
rats include decreased blood glutathione (30 minutes after 0.2
mg chlorine/kg administered as HOCl); decreased hypothalamic
norepinephrine levels and increases in normetanephrine levels
(3 and 24 hours after intubation of 250 mg/kg free chlorine as
HOC1); morphological and bicchemical liver changes (within

2 days of dosing with 142.9 mg/kg free chlorine as NaCCl);
kidney enlargement (200 mg/kg/day available chlorine for 14
days) (U.S. EPA 1989); and dose-related increase in liver and
kidney weights (210 mg dietary chlorine/kg body weight/day for
280 days) (U.S. EPA 1987). C57B1l/6N mice given chlorine (25-30
ppm) in the drinking water for one to three weeks had signi-
ficant decreases in the number of peritoneal exudate

and decreased in vitro cytotoxicity against mouse melanoma (B16)
and fibrosarcoma (UV-112) target cells (U.S. EPA 1989).

C. Subchronic/Chronic Effects

The major target organs for the subchronic/chronic toxicity of
chlorine in humans are the respiratory tract and the blood. The
major target organs for the subchronic/chronic toxicity of chlorine
in animals are the immune system, the blood, the cardiovascular
system and the respiratory tract. EPA has derived an oral RfD
{reference dose) (see end note 3) of 0.1 mg/kg/day for chlorine,
based on a no-observed-adverse-effect level of 14.4 mg/kg/day in

a chronic drinking water study in rats.

1.

Humans - Fifty-five workers exposed to about 1.0 ppm of
chlorine, 8 h/day for at least 90 days exhibited (based on
reported symptoms and x-rays) asthma, chronic breonchitis,
tuberculosis, and emphysema (U.S. EPA 1987). The concentration
of 1 ppm is roughly equivalent to 0.415 mg/kg/day (see end note

In one case study, exposure to 0.015 mg/L of chlorine, 8 h/day
for § years resulted in dyspnea, marked emphysema of both lower
lung lobes, and reduced respiratory mobility (U.S. EPA 1987).

Fifteen male workers exhibited decreased residual levels of



Chlorine,

for a t 10, Years no Se-relategqd Correlation
twean chlorine © Sure and the Prevalence of ¢ lds, Pnea,
Palpitat on, chesgr Pain, or lun damage (544

ent
workers had chege X-rays) (Stokinger 1982) . Bleccrocardioqrams
were abnormal in 9.4% of the exposed workers, Compareq wjty

Correlationg between oXposure to chlorine and anxiety ang
dizzineaa (p = 0.02), leuk°cyt08$8 (p<0.05) and dccrensed
homntocrit (p< 0.017)., smaller study included 52 workers
€Xposed to about 0,289 PPm chlorine for 10 Years (Stokinger
1982) . These workers exhibited a 8lightly significant.
lower value for , Single Pulmonary function test,

+ Animals - Groups of 79 F344/N male and female Tats were given

drinkinq water Containing up to 275 Ppm of chlorine {14.4
ng/kg/day) for 2 Years. yo hcmutoloqic abnormalitioa werae

non Necplastice abno:malxtiea were observed in extensive gross
t

(NTP 1992) ., The Epp ed the no-obcorvod-advetao-otfecc
level, 14.4 ng/kq/day, Lo calculate a Chronjc Oral RfD of
0.1 =g/kg/day for chlorine (U.s. Epa 1994) .

Sbrague-nuwloy ¥ats, given 5, 15, or 30 ppm Chloring in
drinking water from Weaning to 12 weeks of age exhibited
significaqcly reduced Spleen Weights, suppregsod delayad-cype

kg/day in drinking wWater for ¢ months) (u.g. EPA 19g9) .

l -

22 mg/kg/day exhibited Oone or more of the follouinq Symptoms .
significant decreaszes in reg blood cell coune and hemacocrit
(reverseqg at § months) , incroased oamotic Eraoility, incroaaed

liver weights, decreased brain ang heart weights tp<0.0$). and
decreased salivary gland ang kidnoy waights (U.8s. EFA 1989,
decreased Spleen weight, ang decreaseqd thyroid weight (U.s.



in some females, epichclial hyporplasia cf the rrachea with
minimal evidence of eaxly nonkcra:inizing sqQuanous netaplasia
(U.S. EPA 14990) .

0. cqrcinogenlcicy

Ne cenclusion on the catcinoqenicity of chlorine can be made pased

on the 1imited information available fyom human and animal studies.

1. Humans = NTP (1992) notes that some cpidemioloqic gtudies have
shown an association becween the consumption of chlo:inated
drinking water and an incxeasod risk for che development of
cancer, pzinnrily of the urinary tract. BEPA has establiahed
drinking water standards for geveral cblorinaced by-ptoductl
found in chlorinuced drinking water.

'oqpivocal evidence of carciuogenic activity” There wWas
“no evidence of caxc enic activity” 1e rats OF male and
female mice at the es tested.

in another study, ehlorine adninlaco:cd as NaoCl to rats in
drinking watexr at 1evels up tO 1000 mg/L for males and 200 mg/L
tor females wags not catcinogenic {NTP 1992) . Information on the
coca:cinogenicx:y of sodium hypochlozito are conflictinq.
applied tO che skin of mice, sodium bypochlo:i:o enhanced cumox
development iniriated by d-nicroquinoline-l—ox 4

LUmor development initiated by benzo [a]pyrene (u.S. EPA 1989) .

E. G‘notoxicity

chlorine was mutagenic in salmonella cyphlmuxium sgrains TA1530
and TALO00, without metabolic activation; 9roduced chromosomne
aberrations in human lymphocytes® and other mammalian cells
(520 ppml interacted with DNA in B. coli polh test (as sodium
nlorite); and was negative for the {nduction of erythrocyte
mic:onucloi or chromosome aberrations of bone mar row cells of
Swiss cD-1 mice (up to 8 mg/kg/day of NaOCl) for up O 5 days
(u.S. EPA 1989) .

F. DcvelopmontalIReprodnctive Toxicity

No conclusion on the developncntal/roproductivo coxicity of
echlorine can pe made pased on the 1imited information available
from human and animal gtudies.

1. Aumans No inforwation was found in the secondary gouxrces
searched o indicate that chlorine is a developnentall
xeproductch roxicant in humans.

2. Animals - Female Sprague-uawley rats were given chlorine

concencrations of 0, 1.0, 10, or 100 mg/L in the drinking water

(as uoct) for 2.5 months prioxr LO conception and throughout
ration, were xilled on gosnacion day 20. and the fetuses
were examined (NTP 1992) . Resorptions were not increased



at any concentration; however, fetuses in the 100 mg/L group
had soft tissue defects, including improper orientation of the
heart and adrenal agenesis, and a slightly increased incidence
of skeletal variants, such as incompletely ossified or missing
sternebrae or rudimentary ribs. Statistical analyses were

not available. In other studies, chlorine administered to
pregnant mice was negative for reproductive and teratogenic
effects when given in drinking water as 10-13 ppm of sodium
hypochlorite and hydrochloric acid (to maintain water pH of 2.5)
or when given in heavily chlorinated municipal drinking water
(U.S. EPA 1939).

Sperm head abnormalities were observed in BSC3Pl mice given
1.6 and 4.0 mg/kg/day of chlorine as OCl-, but not at B.0
mg/kg or when given as HOCL (U.S. EPA 1994). BDII rats (236
total males and females) given 10 mg/kg/day of free residual
chlorine in the drinking water throughout 7 generations had no
adverse effects on weight gain, food consumption, water
consumption, fertility, lifespan, growth pattern, hematology,
histology (liver, spleen, kidney or other organs)

(U.S. EPA 1989).

G. Neurotoxicity

No information was found in the secondary sources searched
regarding the neurotoxicity of chlorine.

V. ENVIRONMENTAL EPFFECTS
A. Toxicity to Aquatic Organisms

Chlorine has high acute toxicity to aquatic organisms; many toxicity
values are less than or equal to 1 mg/L. Twenty-four-hour LC50
values range from 0.076 to 0.16 mg/L for Daphnia magna (water flea)
and from 0.005 to 0.1 mg/L for Daphnia pulex (cladocern)

{AQUIRE 1994); 48-hour 1LC50 values range from 5.3 to 12.8 mg/L for
Nitocra spinipes (snail); and %6-hour LC50 values range from 0.13
to 0.29 mg/L for Oncorhynchus mykiss (rainbow trout), from 0.1 to
0.18 mg/L for Salvelinus fontinalis (brook trout), and from
0.71-0.82 mg/L for Lepomis cyanallus (green sunfish) (AQUIRE 199%4).
Papillomas of the oral cavity in fish have been associated

with exposure to chlorinated water supplies (NTP 1992).

Low level chlorination (0.05 to 0.15 mg/L) results in significant
shifts in the species composition of marine phytoplankton
communities (HSDB 1994).

B. Toxicity to Texrestrial Organisms

Chlorine is phytotoxic but is also essential to plant growth; crops
need around 5 pounds or more of chlorine per acre. Acute toxicity
to plants is characterized by defoliation with no leaf symptoms and,
in higher plant forms, by spotting of the leaves (at 1.5 mg/m3)

and marginal and interveinal injury (at 150-300 mg/m3) (Seiler

et al. 1988). No data were found in the secondary sources

searched regarding the toxicity of chlorine to terrestrial animals;
howaver, the data from experimental studies indicate that injury

to animals would occur only in the presence of high concentrations
of chlorine, either in drinking water or the ambient atmosphere.

C. Abiotic Effects



Information regarding the abiotic effects of chlorine was not found
in the secondary sources searched.

EPA/OTHER FEDERAL/OTHER GROUP ACTIVITY

The Clean Air Act Amendments of 1990 list chlorine as & hazardous
air pollutant, Occupational exposure to chlorine is regulated by the
Cccupational Safety and Health Administration. The permissible
exposure limit (PEL) is 1 part per million parts of air (ppm) or

3 mg/m3 as a ceiling value (i.e¢., exposures may not exceed these
levels) (29 CFR 1910.1000).

Federal agency and other group activities for chlorine are summarized
in Tables 4 and 5.

TABLE 4. EPA OFFICES AND CONTACT NUMBERS FOR INFORMATION ON CHLORINE

EPA OFFICE LAW PHONE NUMBER
Pollution Prevention Toxic Substances Control Act (202) 554-1404
& Toxics (Sec. 8A/BD/BE)

Emergency Planning and Community
Right-to-Know Act (EPCRA)

Regulations (Sec. 313) (800) 535-0202

Toxics Release Inventory data {202) 260-1531
Alr Clean Air Act {919) 541-0888
Solid Waste & Comprehensive Environmental

Emergency Response Response, Compensation, and

Liability Act (Superfund)/
Resource Conservation and Recovery
Act / EPCRA (Sec., 302/304/311/312) (800) 535-0202

Water Clean Water Act {202) 260-7588
TABLE 5. OTHER FEDERAL OFFICE/OTHER GROUP
CONTACT NUMBERS FOR INFORMATION ON CHLORINE
Other Agency/Department/GSroup Contact Number
Agency of Toxic Substances & Disease Registry (404) 639-6000
American Conference of Governmental Industrial Hygienists

{Recommended Exposure Limit (see end note 5): 0.5 ppm)
(Recommended Short Term Exposure Limit

(see end note 6): 1 ppm) (513) 742-2020
Consumer Product Safety Commission (301) 504-0994
Pood & Drug Administration (301) 443-3170

National Institute for Environmental Health Sciences

(EnviroHealth Clearinghouse) (800) 643-4794
National Institute for Occupational Safety & Health
Recommended Exposure Limic

(s

ee end note 6): 0.5 ppm) (BOO) 356-4674

Occupational Safety & Health Administration
(Permissible BExposure Limit (see end note 7): 1 ppm)
(Check local phone book for phone number under Department of Labor)

VII.

END NOTES



1. Standard Industrial Classification code is the statistical classifi-
cation standard for all Federal economic statistics. The code provides

a convenient way to reference economic data on industries of interest to
the researcher. SIC codes presented here are not intended to be an
exhaustive listing; rather, the codes listed should provide an indication
of where a chemical may be most likely to be found in commerce.

2. The RD50 concentration is that concentration that reduces respiratory
rate by 50%.

3. The RfD is an estimate (with uncertainty spanning perhaps an order of
magnitude) of the daily exposure level for the human population, including
sensitive subpopulations, that is likely to be without an appreciable risk
of deleterious effaects during the time period of concern.

4. Calculated using the factor 2.9 mg/m3 (U.S. EPA 1989) to convert 1 ppm
to 2.9 mg/m3 which is multiplied by 0.143 (the occupational standard B-hour
breathing rate, 10 m3, divided by the assumed adult body weight, 70 kg, and
assuming 100% absorption) to obtain the dose in mg/kg/day (U.S5. EPA 1988).

5.The ACGIH exposure limit is a time-weighted average (TWA) concentration
for an 8-hour workday for a 40-hour workweek.

6. This is a 15-minute short term exposure limit value that should not be
exceeded at any time.

7. This is a 15-minute ceiling exposure limit value that should not be
exceeded at any time.
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*++* IDENTIFICATION **¢

MSDS RECORD NUMBER : 1467163

PRODUCT NAME(S) ! CHLORINE, GASEQOUS H.P.
PRODUCT IDENTIFICATICN : PRODUCT CODE: 16276
DATE OF MSDS ¢ 1995-02-20

we* MANUFACTURER INFORMATION ***

MANUFACTURER : DOW CHEMICAL CANADA INC
ADDRESS : Post Office Box 1012
Sarnia Ontario
Canada NIT K7
Telephone: 519-335-5083
EMERGENCY TELEPHONE NO. : 403-998-8282 (Fort Saskatchewan, Alberta)
519-339-3711 (Sarnia, Ontario)
514-652-1000 (Varennes, Quebec)
MANUFACTURER NOTE :
For French translation of this data sheet, please contact Dow Chemical Canada
Inc directly.

#** MATERIAL SAFETY DATA *+%*

MATERIAL SAFETY DATA SHEET

Dow Chemical Canada Inc. Sarnia, Ont. N7T 7K7 Phone: 519-339-3711

P duct Code: 16276 Page: 1

1 auct Name
CHLORINE, GASEQOUS H.P.

Effective Date: 02/20/95 Date Printed: 08/08/97 MSPS: 001122
1. INGREDIENTS: (% w/w, unless otherwise noted)
Chlorine CAS# 007782-50-5 99.8%

This document is prepared pursuant to the OSHA Hazard
Communication Standard (29 CFR 1910.1200). 1In addition, cother
substances not 'Hazardous' per this OSHA Standard may be
listed. Where proprietary ingredient shows, the identity

may be made available as provided in this standazd.

2. PHYSICAL DATA:

BOILING POINT: =29.3F (-34C)

VAP. PRESS: 82 psig @ 68F, 20C

VAP. DENSITY: 2.49 @ 32F,0C

SOL. IN WATER: 0.73g/100g H20 € 20C

SP. GRAVITY: 1.47 @ 32F, 0C; 53.2 psia

APPEARANCE: Amber color; liquified gas under pressure;
vaporizes to greenish - yellow gas.

ODOR: Pungent odor.

3. FIRE AND EXPLOSION HAZARD DATA:

FLASH POINT: None
METHOD USED: Not applicable



FLAMMABLE LIMITS
LFL: Not applicable

UFL: Not applicable

EXTINGUISHING MEDIA: Chlorine will react or cause reducing
materials to burn without oxygen. Water is effective only
as a coocling media to reduce the reaction rate, however, water
should not be applied directly to the chlorine leak. Where

(CCNTINUED ON PAGE 2)
(R) Indicates a trademark cf The Dow Chemical Company

Dow Chemical Canada Inc. Sarnia, Ont. N7T 7K7 Phone: 519-33§-3711
Product Code: 16276 Page: 2
Product Name:

CHLORINE, GASEQOUS H.P.

Effective Date: 02/20/95 Date Printed: 08/08/%7 MSDS:001122
3. FIRE AND EXPLOSION HAZARD DATA: (CONTINUED)

practical attempts should be macde to reduce the available
reactants through the isolation of the reaction from the
chemical supply. This should be attempted only by properly
trained personnel using prescribed protective equipment.

FIRE & EXPLOSION HAZARDS: May react to cause fire and/or
explosion upon contact with many organic compounds, ammonia,
hydrogen, or many metals, and with all metals, including steel,

at elevated temperatures.

FIRE-FIGHTING EQUIFMENT: A positive pressure self-contained
breathing apparatus for respiratory protection and protective

clothing.
4. REACTIVITY DATA:

STABILITY: (CONDITIONS TO AVOID) Aveoid proximity to flammable
materials including chemicals.

INCOMPATIBILITY: (SPECIFIC MATERIALS TO AVOID) Many organic
compounds, ammonia, hydrogen, moist or hot steel, and many
metals. May react explosively with some organics under

confinement.
HAZARDOUS DECOMPOSITION PRODUCTS: None.
HAZARDOUS POLYMERIZATION: Will not occur.
5. ENVIRONMENTAL AND DISPOSAL INFORMATION:
ACTION TO TAKE FOR SPILLS/LEAKS: Move unprotected personnel
cross-wind to a clear area. Do not use water directly on a
chlorine leak. A fog nozzle may be used to absorb gas. The

leak should be isolated or controlled by trained personnel
using prescribed protective equipment.

DISPOSAL METHOD: Prior to disposal, the active chlorine must be

(CONTINUED ON PAGE 3)
{R) Indicates a trademark of The Dow Chemical Company

\
Dow Chemical Canada Inc. Sarnia, Ont. N7T 7K7 Phone: 519-339-3711
Product Code: 16276 Page: 3



quduct Name:
CHICORINE, GASECOUS H.P.

Effective Date: 02/20/95 Date Printed: 08/08/97 MSDS: 001122
S$. ENVIRONMENTAL AND DISPOSAL INFORMATION: (CONTINUED)

reduced or destroyed. Chlorine may be absorbed in dilute
sclutions of caustic (NaCOH), scoda ash (Na2C03), or hydrated

lime (Ca(CH)2). For each 1 pound of chlorine, use approximately
3 pounds per gallon caustic or soda ash or 1 pound per gallon
lime. Local, municipal or state authorities should be contacted
for dispesal of resultant product.

6. HEALTH HAZARD DATA:

EYE: May cause severe irritation with corneal injury which may
result in permanent impairment of vision, even blindness.

SKIN CONTACT: Short single exposure may cause severe skin burns.
SKIN ABSORFTION: The dermal LD50 has not been determined.
INGESTION: 1Ingestion is unlikely due to physical state.

INHALATION: A single brief (minutes) inhalation exposure to
easily attainable concentrations may cause serious adverse
effects, even death. Excessive exposure may cause severe
irritation to upper respiratory tract and lungs and may cause
lung injury. The LC50 for mice was 137 ppm and for rats 293
ppm for 1 hour.

SYSTEMIC & OTHER EFFECTS: Excessive exposure may cause liver,
lung and kidney effects. Excessive expcsure may cause severe
irritation to upper respiratory tract and lungs. Excessive
exposure may cause lung injury. Excessive exposure to chlorine
gas has been known to also cause erosion of tooth enamel.

CANCER INFORMATION: Did not cause cancer in long-term animal
studies.

TERATOLOGY (BIRTH DEFECTS): Limited data suggests that chlorine
is not teratagenic but may be slightly embryotoxic when
administered at high doses in drinking water to pregnant rats.

(CONTINUED ON PAGE 4)
(R} Indicates a trademark of The Dow Chemical Company

Dow Chemical Canada Inc. Sarnia, Ont. N7T 7K7 Phone: 519-339-3711
Product Code: 16276 Page: 4
Product Name:

CHLORINE, GASEOUS H.P.

Effective Date: 02/20/95 Date Printed: 08/08/97 MSDS:001122
6. HEALTH HAZARD DATA: (CONTINUED)

REPRODUCTIVE EFFECTS: In animal studies, has been shown not
to interfere with reproduction.

MUTAGENICITY (EFFECTS ON GENETIC MATERIAL): Has been shown to
have mutagenic activity in bacteria. Results of mutagencity
tests in animals have been negative.



7. FIRST AID:

EYES: Immediate and continuous irrigation with flowing water for
at least 30 minutes is imperative. Prompt medical consultation
is essential.

SKIN: Wash off in flowing water or shower.

INGESTION: No adverse effects anticipated by this route of
exposure.

INHALATION: Remove to fresh air. If not breathing, give
artificial respiration. If breathing is difficult, oxygen
should be administered by qualified personnel. Call a
physician or tranaport to a medical facility.

NOTE TO PHYSICIAN: Excellent warning properties force rapid
escape from chleorine gas; thus most inhalations are mild to
moderate, If escape is not possible, exposure to high
concentrations for a very short time can result in dyspnea,
hemoptysis and cyancsis with later complications being
tracheobronchopneumenitis and pulmonary edema. Oxygen,
intermittent positive pressure breathing and aerosolized
bronchodilators are of therapeutic value in the light to
moderate inhalation. A severe inhalation should be
hospitalized and treated as a respiratory emergency. Any
chlorine inhalation in an individual with compromised pulmonary
function (COPD) should be regarded as a severe inhalation and a
reapiratory emergency. If a burn is present, treat as any
thermal burn, after decontamination.

{CONTINUED ON PAGE 5)
{R) Indicates a trademark of The Dow Chemical Company

Dow Chemical Canada Inc. Sarnta, Ont. N7T 7K7 Phone: 519-338-3711
Product Code: 16276 Page: 5

Effective Date: 02/20/95 Date Printed: 08/08/97 MSDS:001122
8. HANDLING PRECAUTIONS:

EXPOSURE GUIDELINE(S): Chlorine: ACGIH TLV and OSHA PEL are
0.5 ppm TWA, 1 ppm STEL.

VENTILATION: Control airborne concentrations below the exposure
guideline. Use only with adequate ventilation. Local exhaust
ventilation may be necessary for some operations. Lethal
concentrations may exist in areas with poor ventilatien.

RESPIRATORY PROTECTION: Atmospheric levels should be maintained
below the exposure guideline. When respiratory protection is
required for certain operations, use an approved air-purifying
respirator.

SKIN PROTECTION: Use protective clothing impervious to this
material. Selection of specific items such as gloves, boots,
apron, or full-boedy suit will depend on operation. Safety
shower should be located in immediate work area. Remove con-
taminated clothing immediately and launder before reuse.

EYE PROTECTION: Use chemical goggles. If vapor exposure causes
eye discomfort, use a full-face respirator. Eye wash fountain



should be located in immediate work area.
9. ADDITIONAL INFORMATION:

SPECIAL PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: Neo
attempt should be made to handle or store chlorine without a
complete review of the Chlorine Manual, available from the
Chlorine Institute, Inc.,, 2001 L Street N.W., Washington, DC
20036.

MSDS STATUS: Revised Canadian regulatery information.

For information regarding state/provincial and federal regulations see
the Regulatory Information Section.
(R) Indicates a trademark of The Dow Chemical Company

Dow Chemical Canada Inc. Sarnia, Ont. N7T 7K7 Phone: 519-3395-3711
Product Ccde: 16276 PAGE: R-1
Product Name:

CHLORINE, GASEOUS H.P.

Effective Date: 02/20/95 Date Printed: 08/08/97 MSDS:001122

REGULATCRY INFORMATION: (Not Meant to be all-inclusive--selected
regulations represented.)

NOTICE: The information herein is presented in good faith and believed
to be accurate as of the effective date shown above. However, no
warranty, express or implied, is given. Regulatory requirements are
subject to change and may differ from one location to another; it is the
buyer's responsibility to ensure that its activities comply with
federal, state or provincial, and local laws. The following specific
1"~:mation is made for the purpose of complying with numerous federal,

.2 or provincial, and local laws and regulations. See MSD Sheet for
health and safety information.

CANADIAN REGULATICNS

WHMIS INFORMATION: The Canadian Workplace Hazardous Materials
Information System (WHMIS) Classification for this product is:

A
c
D1A
E

U.S. REGULATIONS

SARA 313 INFORMATION: This product contains the following substances
subject to the reporting requirements of Section 313 of Title III of
the Superfund Amendments and Reauthorization Act of 1986 and 40 CFR
Part 372:

CHEMICAL NAME CAS NUMBER  CONCENTRATION

- - . - -~ - - -~ - - - - - -~ -~ - -~ - - - - - - - - - -

CHLORINE 007762-50-5 100 L)

| TINUED ON PAGE R-2)
(R} Indicates a trademark of The Dow Chemical Company



Dow Chemical Canada Inc. Sarnia, Ont. NIT 7K7 Phone: 519-339-3711
Product Code: 16276 PAGE: R-2
Product Name:

CHLORINE, GASEQOUS H.P.

F ctive Date: 02/20/95 Date Printed: 08/08/97 M5DS5:001122

REGULATORY INFORMATION: (CONTINUED)

SARA HAZARD CATEGORY: This product has been reviewed according to the
EPA "Hazard Categories" promulgated under Sections 311 and 312 of the
Superfund Amendment and Reauthorization Act of 1986 (SARA Title III) and
is considered, under applicable definitions, to meet the following
categories:

An immediate health hazard

A delayed health hazard

A sudden release of pressure hazard
A reactive hazard

U.S. DEPARTMENT OF TRANSPORTATION (D.O.T.):
Other container sizes may be regulated differently. Consult D.O.T.
regulations.

Bulk: Chlorine/2.3(Poison gas)/ UN 1017/ RQ (chlerine)

OSHA HAZARD COMMUNICATION STANDARD:

This product is a "Hazardous Chemical" as defined by the OSHA Hazard
Communication Standard, 29 CFR 1910.1200.

(R) Indicates a trademark of The Dow Chemical Company

The Information Herein Is Given In Goed Faith, But No Warranty,
Express Or Implied, Is Made. Consult The Dow Chemical Company
For Further Information.

* An Operating Unit Of The Dow Chemical Company
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Hazard Summary

* Acute (short-term) exposure to high levels (>30 ppm) of chlorine in humans results in chest pain, vomiting, toxic
poecumeonitis, pulmonary edema, and death. At lower level, (<3 ppm), chlorine is a potent irritant to the eyes, the
upper respiratory tract, and langs.

* Limited information is available on the chronic effects of chlorine in humans. Reports from the older literature stated that
chronic exposure 10 concentrations of chlorine of around 5 ppm caused respiratory complaints, corrosion of the teeth,
inflammation of the mucous membranes of the nose, and increased susceptibility to tuburculosis.

¢ The Reference Concentration (RfC) and the Reference Dose (RfD) for chlorine are under review by the U.S,
Environmental Protection Agency (EPA).

¢ No information is available on the developmental or reproductive effects of chlorine in humans or animals via inhalation
exposure. A study reported no adverse effects on growth, lifespan, or fertility in rats exposad to 100 ppm chlorine in
their drinking water for their entire lifespan, over seven generations.

* No information is available on the carcinogenic effects of chlorine in humans from inhalation exposure, and chlorine has
not been found to be carcinogenic in oral animal studies. EPA has not classified chlorine for carcinogenicity.

Plcase Note: The main source of information for this fact shect is EPA's Drinking Water Criteria Document for Chlorine,
Hypochlorous Acid and Hypochlorite lon. Other sccondary sources include the Hazardous Substances Data Bank (HSDB), a
database of summaries of peer-reviewed literature, and the Registry of Toxic Effects of Chemical Substances (RTECS), a
database of toxic effects that are not peer reviewed.

Environmental/Occupational Exposure

* Workers may be exposed to chlorine in industries where it is produced or used, particularly in the food and paper
industries. [n addition, persons breathing air around these industries may be exposed 1o chlorine. (1)

* Exposure to chlorine may also occur through drinking water and swimming pool water, where it is used as a disinfectant.
)

¢ Accidental releascs arc another potential source of chlonine exposure., (3)

Assessing Personal Exposure
¢ No data were located regarding detection of personal exposure to chlorine,

Health Hazard Information

Acute Effects:

¢ Chlorine is a potent irritant in humans to the eyes, the upper respiratory tract, and the lungs. Several studies have
reported the following effects: 0.014 to 0.054 ppm: tickling of the nose; 0.04 to 0.097 ppm: tickling of the throat; 0.06 to
0.3 ppm; itching of the nose and cough, stinging, or dryness of the nose and throat; 0.35 t0 0.72 ppm: burning of the
conjunctiva and pain after 15 minutes; above 1.0 ppm: discomfort ranging from ocular and respiratory irmitation (o
coughing, shortness of breath, and headaches. (4)

* Higher levels of chlorine have resulted in the following effects in humans: 1 to 3 ppm: mild mucous membrane irritation;
30 ppm: chest pain, vomiting, dypsnea, cough; 46 to 60 ppm: toxic pneumonitis and pulmonary edema; 430 ppm: lethal
after 30 minutes; 1,000 ppm: fatal within a few minutes. (3)

* Chlonine is extremely imitating to the skin and can cause severe burns. (3)

lof & 32398 9:01 AM
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* Acute animal tests, such as the LCg, test in rats and mice, have shown chlorine to have high acute toxicity. (5)

¢ EPA'sOffice of Air Quality Planning and Standards, for a hazard ranking under Section 112(g) of the Clean Air Act
Amendments, considers chlorine to be a "high concern” pollutant based on severe acute toxicity. (6)

Chronic Effects (Noncancer):

» Several studies in the older literature reported that chronic exposure to chlorine concentrations of around 5 ppm caused
respiratory complaints, corrosion of the teeth, inflammation of the mucous membranes of the nose, and increased
susceptibility to tuberculosis in workers. (7)

* Animal stucies have reported decreased body weight gain, eye and nose irritation, and effects on the respiratory tract,
liver, and kidney from chronic inhalation exposure to chlorine. (4)

* Other studies have indicated that exposure to chlorine, via inhalation, may alter disease resistance in animals, with higher
incidences of emphysema, pneumonia, and tuberculosis reported, (4)

* The RfC and the RfD for chlorine are under review by EPA. (8)

Reproductive/Developmental Effects:

* No information is available on the developmental or reproductive effects of chlorine in humans or animals via inhalation
cxposure,

* No adverse effects on growth, lifespan, or fertility were reported in rats exposed to 100 ppm chlorine in their drinking
water for their entire lifespan, over seven gencrations. (4)

» Since chlorine is highly reactive, uptake at sites such as the ovaries and testes which are remote from the respiratory
tract, is anticipated to be minimal. (2)

Cancer Risk:

* No information is available on the carcinogenic effects of chlorine in humans from inhalation exposure.

¢ Several human studies have investigated the relationship between exposure to chlorinated drinking water and cancer.
These studies were not designed to assess whether chlorine itself causes cancer, but whether trihalomethanes or other
organic compounds occurring in drinking water as a result of chlonination are associated with an increased risk of cancer.
These studics show an association between bladder and rectal cancer and chlorination byproducts in drinking water, (5)

* Chlorine has not been found to be carcinogenic in animals; no tumors were noted in a study where rats were exposed 1o
100 ppm chlorine in their drinking water over their lifespan, for 7 generations (see Reproductive/Developmental Effects
section). (4)

= Another study evaluated the potential carcinogenicity of chlorinated drinking water in rats and mice and found no
statistically significant increase in tumors that could be related to the chlorinated water. (2)

¢ EPA has not classified chlorine for carcinogenicity. (8)

Physical Properties
¢ Chlorine is a greenish-yellow gas that is slightly soluble in water, (7)

* Chlorine has a suffocating odor; the odor threshold is 0.31 ppm. (9)
* The chemical formula for chlonne isClz. and its molecular weight is 70.90 g/maol. (4)

Uses

* Chlorine is used for water disinfection and for treatment of scewage cffluent. It is also used to disinfect cquipment and
utensils in beverage and food processing plants, and as an intermediate in the manufacture of 2 number of organic
products such as antifrecze, rubber, cleaning ageats, and pharmaceuticals. (2,4)

Conversion Factors:
To convert from ppm to mg/m’: mg/m’ = (ppm) x (molecular weight of the compound)24.45). For chlorine: 1 ppm = 2.9
mg/m’. Health Data from Inhalation Exposure

20f4 V2308 901 AM
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ACGIH TLV--American Conference of Governmental and Industrial Hygicnists' threshold limit value expressed as a
time-weighted average; the concentration of a substance to which most workers can be exposed without adverse effects.

LCy, (Lethal Concentrationg,)--A calculated concentration of & chemical in air to which exposure for a specific length of time is
expected 1o cause death in 50% of a defined expenimental animal population.

NIOSH REL--National Institute of Occupational Safety and Health’s recommended exposure limit; NIOSH-recommended
exposure limit for an 8- or 10-h time-weighted-average exposure and/or ceiling.

OSHA PEL--Occupational Safety and Health Administration’s permissible exposure limit expressed as a time-weighted average;
the concentration of a substance to which most workers can be exposed without adverse effects averaged over a normal 8-h
workday or a 40-h workweek.

# Health numbers are toxicological numbers from animal testing or risk assessment values developed by EPA,

b Regulatory numbers are values that have been incorporated in Government regulations, while advisory numbers are
nonregulatory values provided by the Government or other groups as advice.
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Welcome to the Environmental Protection Agency's (EPA) Maps On Demand (MOD). These World
Wide Web (WWW)-based mapping applications generate maps that display environmental information
for the entire United States. MOD accesses data available through the Envirofacts Warehouse.

Note: Due to the high demand for Maps On Demand, the server may occasionally refuse a request. If
you have not received a confirmation E-mail or if your request has not reached the pickup area within
eight hours, please resubmit it.

Query Mapper

The results of Envirofacts queries can be mapped using the Query Mapper application. This tool is
valuable to users who are interested in mapping facility locations and viewing the surrounding
demographics, Geographic Retrieval and Analysis System (GIRAS) landuse and landcover, as well as

other features. Browse the Query Mapper Product Pickup Area to view a list of maps created with this
application.

SiteInfo, ZipInfo, CountylInfo, and BasinInfo

The Sitelnfo application creates informative maps and reports, which include EPA-regulated facility and
demographic information. Additional mapping applications developed by EPA Region 10 include
Ziplnfo, Countylnfo, and Basininfo. To view maps created by these applications, click ona specific date
listed in the EPA GIS National Product Pickup Arca.
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Facility Density Mapper

The Facility Density Mapper application allows users to map and assess the concentration of
EPA-regulated facilities in a given area. Facilities are identified by a valid Facility Index System
(FINDS) identification number assigned by EPA. This tool is valuable to users who are interested in
targeting areas of high facility concentration. Maps created using Facility Density Mapper are located in
the Product Pickup Area. This application is best viewed using browsers that support frames and
JavaScript.

@ Model|
@ EPA's Spatial Data Library
2 e P

LDIP Home Page
® Envirofacts Home Page

- - — —— . A—— ———————————— -—————— — e = — —— —— —— ——

For comments, questions, or suggestions, plcase use the MOD Feedback Form.

————————— — - —— —— T ———————

URL: http-//www.epa.govienvirohtml/mod/index.html
This page was updated February 25, 1998.
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Chlorine (Cl2) Chemical Backgrounder

Description:

Chlorine is a greenish-yellow gas with a pungent, irritating odor. It is used to bleach fabrics, to purify
water, to bleach woodpulp and paper, to disinfect, to clean dairy equipment, to control biofouling in
cooling systems, to shrink-proof wool, and to detin and dezinc iron. It is used for sterilization for root
canals, tooth extractions, irrigations, or wounds.

It is also used in the manufacturing of pesticides, antifreeze, refrigerants, antiknock compounds, plastics,
and resins.

It is used in the manufacturing of synthetic rubber and plastics, chlorinated hydrocarbons, polyvinyl
chloride, ethylene dichloride hypochlorous acid, chlorobenzene, chlorinated lime, carbon tetrachloride,
cthylene and propylene oxides, glycols, trichloroethylene, perchloroethylene, chloroform, vinylidene
chloride, polychloroproprene, hydrogen chloride, metal chlorides, chloracetic acid, chloral, synthetic
glycerine, methyl chlorides, chlorinated benzenes, tetracthyl lead, fluorine compounds, titanium
tetrachloride, monochloroacetic acid, phosgene, chloroisocyanuric acid, phosphorus chloride
dichlorobutene, and chlorinate paraffins.

Chemical properties:

Chlorine is corrosive to some forms of plastics, rubber, and coatings. It is soluble in chlorides, alkali, and
alcohols. It combines readily with all elements except the rare gases, excluding xenon, and nitrogen. It
reacts explosively or forms explosive compounds with many common substances such as acetylene, ether,
turpentine, ammonia, fuel gas, hydrogen, and finely divided metals. It is a noncombustible gas, and a
strong oxidizer.

Chlorine is heavier than air, and less water-soluble than ammonia. Water dissolves about twice its volume
of chlorine gas, forming a mixture of hydrochloric and hypochlorous acids.

Synonyms for chlorine are chlorine gas, chlorine water, molecular chlorine, javelle water, and NaOCL.

Health effects:

Chlorine exposure occurs through inhalation, or skin or eye contact. Exposure can cause burning of eyes,
nose, and mouth; lacrimation and rhinorrhea; coughing, sneezing, choking, and substernal pain; nausea and
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/ vomiting; headaches and dizziness; syncope; fatal pulmonary edema; pneumonia; conjunctivitis; keratitis;
pharyngitis; burning chest pain; dyspnea; hemoptysis; hypoxemia; dermatitis; and skin blisters.

When inhaled in high concentrations, chlorine causes emphysema and damage to the pulmonary blood
vessels. Chronic exposure can cause corrosion of the teeth. Cardiac arrest may occur secondary to hypoxia.

Inhalation of small amounts of chlorine causes few or no symptoms. In larger amounts, it is a powerful
irritant to the mucous membranes of the eyes, nose, and throat.

Exposures of 1-3 ppm can cause mild mucous membrane irritation; 5-15 ppm, moderate irritation of upper
respiratory tract; 30 ppm, immediate chest pain, vomiting, dyspnea, and cough; 40-60 ppm, toxic
pneumonitis and pulmonary edema; 430 ppm, lethal over 30 minutes; and 1,000 ppm, death within a few
minutes. Death is possible from asphyxia, shock, reflex spasm in the larynx, or massive pulmonary edema.

Populations at special risk from chlorine exposure are individuals with pulmonary disease, breathing
problems, bronchitis, or chronic lung conditions.

Economics:

The production volume of chlorine in 1995 was 25.09 billion pounds, which ranked tenth in the production
volumes of the country's top 50 chemicals. Production volume in 1994 was 24.37 billion pounds, which
ranked ninth that year,

U.S. manufacturers of chlorine are Amax Inc., Rowley, UT; Dow Chemical USA, Pittsburg, CA, and
Plaquemine, LA; Akzo America, Inc., Le Moyne, AL; Bayer USA Inc., Baytown, TX; E.I. DuPont de
Nemours & Co., Inc., Niagara Falls, NJ; Formosa Plastics Corp. USA, Baton Rouge, LA; Fort Howard
Corp., Green Bay, W1, and Muskogee, OK; General Electric Co., Burkville, AL, and Mount Vernon, IN;
Georgia Gulf Corp., Plaquemine, LA; Georgia-Pacific Corp., Bellingham, WA, and Brunswick, GA; B.F.
Goodrich Co., Calvert City, KY; Hanlin Group, Inc., Acme, NC, Ashtabula, OH, Brunswick, GA,
Moundsville, WV, Orrington, ME, and Syracuse, N.Y ;

La Roche Holdings, Inc., Gramery, LA; Niachlor, Inc., Niagara Falls, NY; Occidental Petroleum Corp.,
Covent, LA, Corpus Christi, TX, Deer Park, TX, Delaware City, DE, La Porte, TX, Mobile, AL, Muscle
Shoals, AL, Niagara Falls, NY, Tacoma, WA, and Taft, LA; Olin Corp., Augusta, GA, Charleston, TN,
Mclntosh, AL, and Niagara Falls, NY; Oregon Metallurgial Corp., Albany, OR; Pennwalt Corp., Portland,
OR, and Tacoma, WA; Pionecer Chlor Alkali Co., Henderson, NV, and St. Gabriel, LA; PPG Industries,
Inc., Lake Charles, LA, and Natrium, WV; RMI Co., Ashtabula, OH; Titanium Metals Corp. of America,
Henderson, NV; Trans Resources Inc., Vicksburg, MS; Vulcan Materials Co., Geismar, LA, Port Edwards,
WI, and Wichita, KS; and Weyerhaeuser Co., Longview, WA.

Regulation:

The Occupational Safety and Health Administration (OSHA) has set a permissible exposure limit,
time-weighted average, for chlorine of .Sppm (1.5 mg/m3); short-term exposure limit is 1 ppm (3 mg/m3).

Chlorine is regulated under the Clean Water Act; Emergency Planning and Community Right-to-Know
Act; Clean Air Act; Comprehensive Environmental Response, Compensation, and Liability Act; and
Federal Insecticide, Fungicide, and Rodenticide Act.

Under the Emergency Planning and Community Right-to-Know Act, releases of more than one pound of
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chlorine into the air, water, and land must be reported annually and entered into the Toxic Release
Inventory (TRI). In 1994, 60,432,224 pounds of chlorine were released by 1,449 facilities. Of those
releases, 60,357,013 pounds were released into the air, water, and land; those releases ranked 11th of the
TRI's top 50 chemicals with the largest air, water, and land releases.

Releases of chlorine in 1994 represented a 20.6 percent decrease in releases from 1993's total of
76,154,785. That decrease was the third highest of the TRI's 343 chemicals and 22 chemical categories.
Releases in 1994 also represented a decrease from 1992 (87,411,253 pounds), and 1988/baseline
(141,426,877 pounds).

In 1994, 1,276,642 pounds of chlorine releases were fugitive or nonpoint air emissions; 58,502,168 pounds
were stack or point air emissions; 516,005 pounds were surface water discharges; 74,311 pounds were
released by underground injection; and 63,098 pounds were released to land.

In 1994, 2,833,114 pounds of chlorine were transferred to recycling; 4,310 pounds were transferred to
energy recovery; 345,447 pounds were transferred to treatment; 883,757 pounds were transferred to
publicly owned treatment works; 15,133 pounds were transferred to disposal; and 5,005 pounds were
transferred off-site.

According to EPA waste management information, in 1994, 85,515,731 pounds of chlorine were recycled
on-site; 2,832,062 pounds were recycled off-site; 1,303,170 pounds were used for energy recovery on-site;
4,809 pounds were used for energy recovery off-site; 216,618,766 pounds were treated on-site; 1,165,675

pounds were treated off-site; and 60,418,267 pounds were released or disposed of,

In 1994, the 10 states in which the largest amounts of chlorine were released were Utah (50,456,113
pounds); Illinois (3,660,302 pounds); Louisiana (1,365,169 pounds); New York (1,283,219 pounds);
Arizona (1,081,489 pounds); Texas (959,472 pounds). Minnesota (691,525 pounds); North Carolina
(555,676 pounds); Washington (415,575 pounds); and Alabama (394,409 pounds).

In 1994, the 10 facilitics which released to largest amounts of chlorine were Magnesium Corp., Rowley,
UT (50,150,000 pounds); Cabot Corp., Tuscola, IL (3,525,584 pounds); Photocircuits Corp., Glen Cove,
N.Y. (1,173,764 pounds); Arkansas Steel Assoc., Newport, AR (973,659 pounds); Dow Chemical Co.,
Freeport, TX (335,002 pounds); Western Zirconium, Ogden, UT (300,250 pounds); Martin Mills, Inc.,
Saint Martin, LA (292,000 pounds); Advance Circuits, Inc., Roseville, MN (283,600 pounds); Kaiser
Aluminum, Spokane, WA (218,800 pounds); and Advance Circuits, Inc., Minnetonka, MN (216,755

pounds).
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Environmental Health Center
A Division of the National Safety Council
1025 Connecticut Avenue, NW, Suite 1200, Washington, DC 20036
(202) 293-2270 (tel); (202) 293-0032 (fax)

@ National Safety Council
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Emergency Response Planning For Potential
Accidental Liquid Chlorine Releases

ABSTRACT

~ The Lawrence Livermore Natjonal Laboratory's Atmospheric Release Advisory Capa-
bility (ARAC) used computer models to evalvate the hazards associated with potential
chlorine releases during the operation of a 13,000-gallon liquid chlorine storage facility at
the Union Sanitary District Wastewater Treatraent Plant in Union City, California. The
FEMS3 and SLAB atmospheric dispersion models predicied the following consequences of
a spectrum of hypothetical accident release scenarios: (1} In the highly unlikely event of
a catastrophic failure of a nearly full storage tank, concentrations of chlorine exceeding
25 ppm, a level of serioius coficers, are possible beyond 3000 m from the site of the spill.
(2) In the somewhat more probable event that a tanker vehicle transporting liquid chlo-
rine to the plant were to be involved in a serious collision leading to a major spill of 3200
gallons, concentrations exceeding 25 ppm are possible out to distances beyond 1700 m.
{3) The more commbn failures involving small pipe leaks have the potential of producing
concentrations exceeding 25 ppm as far as a few hundred meters froin the site.

This study demonstrated the usefulness of these computer codes for developing emergency-
response plans for toxic chemical facilities, including the selection of the lowest-risk trans-
portation routes, the most effective evacuation plans, and the most cost-efféctive mitigation
measures.

INTRODUCTION

The Atmospheric Release Advisory Capa-
bility {ARAC) at the Lawrence Livermore Na-
tional Laboratory {LLNL) received a request
from the Union City Fire Department {(UCFD)
in Union City. California, for an evaluation
installation and operation of a 13,000-galion
liquid chlorine storage facility at the Union
Sanitary District Wastewater Treatment Plant.
The facility is located in a flat area bordei-
ing the east side of the San Francisco Bay:
The ARAC was developed at LLNL for the
Department of Energy to provide support to
federal, state, and local agencies in the area
of emergency planning, response, and assess-
ments for accidents assotiated with the nuclear

industry.! Although the ARAC has not been
involved with emergency-response activities as-
sociated with heavy gas spills, other stud-
jes of the aimospheric dispersion of heavier-
than-air gases have been carried out at LENL
for several years.? This request for assistance
from the UCFD provided an opportunity to
combiné emergency-response planning exper-
tise acquired by the ARAC staff over the
past decade with other capabilities emerg-
ing fram LLNL’s heavy-gas-dispersion research
program.

The function of the B8San Francisco
Bay Area Air Quality Management District
{BAAQMD) wasto serve as an interested party
and facilitator. The district has an interest in




evaluations of toxic chemical hazards as well as
a decade-long association with LINL in regard
to air guality model development, evaluation,
and application to Bay Area air -quaiiiﬁ_y issues,

This report describes a spectrum of hypo-
thetical accident scenarios, the computer mod-
€]s used to estimate the consequences of these
accidents, and the results of the assessments.

ACCIDENT SCENARIOS

Four hypothetical accident scenarios,
bracketing the most reasonable maximumecred-
ible accidents, were postulated. These were de-
rived by considering the chlorine storage-tank
design standards. the various safety features
associated with construction materials, relief
valves, and chiorine detection systems, as wel}
as various operational procedures associated
with transport routes, frequency of deliveries,
and ofl-loading procedures. On the basis of
these considerations, the most likely accidents
were assumed to be associated with:

» The transport of ¢hlorine to the Union
Sanitary District Plant.

» The transfer of chlorine from the tanker
vehicle into the bulk storage tank.

» A rupture of a pipe or a valve connected
to the bulk storage tank.

o A rupture of the tank itself.

The assumed meteorological conditions at
the time of the accidents are based on on-
site meteorological measurements and those ac-
quired by the BAAQMD.

Scenario  #1-Trensportation accident.
While enroute to the Union Sanitary District
Plant, a tanker vehicle carrying 3200 galions
of liquid chiotine is involved in a vehicle colli-
sion while crossing an intersection. The impact
causes a large tear in the side of the tank be-
low the liquid level, with a resulting loss of all
3200 galfons within five minutes. The accident
oceurs &t 1400 hours when the ambient wind
speed 1§ 3.5 m/s and the aﬁtmos‘pfh'er-i'c stability
is neutral. The temperature is 68°F,

Scenaric #2-Pipe-leak accident. A leak
occurs in a }-in. supply Jine from the bulk stor-
age tank situated at the U'nion Sanitary Dis-
trict Plant. The leak occurs at 0200 hours and
is quickly detected by on-site personnel when

a chlorine detector sounds an alarm. However,
since the leak is voo small {less than 15 gpm)
to activate the excess flow valves, 150 gallons
of liquid chlorine nre released over a 10-minute
period before the leak is stopped. The local
meteorological conditions at the time of the ac.
cident included light winds of 1 m/s. a Pasqguili-
Gifford E stability category, and a temperature
of 55°F,

Secenario #3-Off-loading accident. At ap-
proximately mid-afternoon, while a tanker ve-
hicle is being off-loaded at the bulk storage fa-
cility at the Unjon Sanitary District Plant, a
transfer line ruptures. This results in 2 liquid
chlorine release to the atimosphere at a rate

that is below the 9.5 gpm needed to activate

the excess flow valves. Because of the inatten-
tiveness of the drivers, the release goes unde-
tected for 12 minutes resulting in a spill of 80
galions of liquid chlorine. Local meteorelogi-
cal conditions include an ambient wind speed

of 4 m/s, a Pasquill-Gifford C stability, and a

temperature of 75°F. )

Scenario #{-Major storage-tank farlure
accident. The San Francisco Eastbay commu-
nities experience & major earthquake along the
Hayward Fault. The earthquake is of sufficient
magnitude to knock the sierage tanks off their
support structures. This induces a large tank
rupture that resuits in the release of 9500 gal-
lons of liquid chlorine within three minutes.
Since this event can occur with equal probabil
ity during the day or might, both time periods
are addressed in the modeling by assuming an
ambient wind velocity of 3.5 m/s and D stabil-
ity during the day and 1 m/s and E stability
during the night. The temperature is 60°F for
both day and night.




PHYSICAL PROCESSES ASSOCIATED
WITH LIQUID CHLORINE ACCIDENTS

When liguid chilorine, stored under high
pressure. and at a temperature above its boil-
ing point, is released instantaneocusly into the
atmosphere, a fraction of the liquid flashes
into vapor while the remainder spills onto the
ground as a ligiid pool. The fraction that
flaghes into vapor is a function of the ambi-
ent atmospheric temperature and typiceily is
about 15 to 20 percent of the total chlorine
released. The liquid pool of chlorine on the
ground will evaporate at a rate determined by
the size of the pool and the rate of heat conduc-
tion from the soil and the atmosphere. Thus,
the pool will emit chlorine continuously until
it has either been exhausted or is-no longer ex-
posed.

It is likely, however, that some fraction of
the chlorine will ereate acrosols having diame-
ters of a few micrometers of less. This fraction;
which is expected to be relatively small as well
as uncertain, is dependent on the flashing pro-
cess and the ambient atmmospheric conditions.
This work assumes that because of the kigh
molecuiar weight of chlorine and the low tem-
perature relative to the ambient atmosphere,
all of the chlorine forms vapor clouds that are
heavier than air. The cloud produced by the
initial flashing process as well as that produced
by evaporation will spread horizontally like 2

pancake while being transported downwind by
the arnbient winds and, with time, will be di-
luted by atmospheric turbulence. The concen-
trations of chlorine produced by the flashed va-
por cloud will be of relatively short duration in
comparison with those produced by the contin-
vously emitting pool evaporation. Since nei-
ther the pool size nor the surface temperature
is well known during most accident situations,
the rate and duration of evaporation are gen-

erally poorly defined.

Chlorine gas has a greenish-yellow color
with a characteristic irritating odor. Expo-

sure to concentrations of chlorine gas as low
45 3 to 6 ppm in air may cause a stinging or

burning sensation in the eyes, nose, and throat.
The standard set by the Occupational Heaith
and Safety Administration {OSHA) for chlo-
rine gas is ] ppm averaged over a 15-minute pe-
riod. The National Academy of Science’s Com-
mittee on Toxicology has recommended that
under emergency conditions, short{-term expo-

sure should not exceed 3 ppm.®> Exposure to

concentrations of 14 to 21 ppm for one-half to
one hour is dangerous, and concentrations of
100 ppm cannot be tolerated for [onger than
one minute.* For convenience, this report will
refer to a concentiration of 25 ppm as one of
sertous, life-threatening concern.

COMPUTER MODELS

The FEMS and SLAB computer inodels
were used to estimate the consequences of the
hypothetical accident scenarios. The atmo-
spheric dispersion of a heavier-than-air gas,
such as a chlorine vapor ¢loud, involves several
physical phenomena that either do not oceur or
are unimportant in releases of neutrally buoy-
ant and trace gases. These phenomena include
gravity flow {slumping and horizoental spread-
ing of the vapor c¢loud). turbulence damping
{reduced mixing of the vapor cloud with the at-
mosphere} resulting from stable density strat-
ification of the heavy gas cloud, and, for cold
gas releases, the effects of heat flow from the

ground on cloud buoyancy and turbulence. All
of these physical phencmena are treated in
these computer madels, which have been val-
idated using data obtained from a number of
field experiments including releases of liquefied
natural gas (LNG), nitrogen tetroxide (N2Qy),
ammonia {NHg), and propane.®~®

The FEM3 model!® i5 based on solving
the time dependent, three-dimensional conser-
vation equations of mass, momentuim, energy,
and species of the dispersed gas. The pri-
mary variables being calculated are density, the
three velocity components, temperature, con-
centration of the dispersed gas, and pressure,




all of which vary in space and time. Turbu-
lence i1s currently treated via a K-theory sub-
model. The code can treat varisble terrain
and obstructions, and the gas releases can be
instantaneous. continuous, or of finite dura-
tion. The completeness of the physics makes
the numerical solution of these equations very
complicated, requiring state-of-the-art numeri-
cal techniques and large, fast camputers. This
code is best suited for applications such as.
risk assessment, site selection, and planning,
configuration and detailed predictions are im-
portant. Because of its complexity and high
computing costs, this code is presently not
suitable for real-time emergency-response sit-
nations.

The steady-state SLAB model® calculates
the atmospheric dispersion of a heavier-than-
air gas that is continuously released at ground
level. The model is based on the steady-state,
crosswind-averaged conservation equations of

height.
funiction of the downwind distance, and the

mass, momentim, energy, and species of the
dispersed gas. The concept of air entrainment
is used to &ccount for the turbulent mixing
of the gas cloud with the surrounding atmo-
sphere. The variables being determined in-
clude density, velocity in the prevailing wind
direction, crosswind gravity-fSow velocity, con-
centration of the dispersed gas, temperature
of the gas/air mixture, and cloud width and
These variables are calculated as a

crosswind dependence is constructed using pre-
determined similarity profiles. This code, be-
cause of its numerical simplicity while main-
taining the appropriate basic physics, can be
executed rapidly on most modern computers,
and, therefore, is very useful in complementing
FEM3 for emergency-response applications. In
this work. SLAB was used to extend the FEM3
calculations out to distances of severa) kilome-
ters from the spill area where the concentra-
tions are relatively low.

RESULTS

Estimates of the maximum downwind sur-
face concentrations of chlorine résulting from
the foutr hypothetical accident scenaiies were
derived using the FEM3 and the SLAB mod-
els. The input to the models was based on
the specific source characteristics pertinent to
eath scenario, the stipulated meteorclogical
conditions at the time of the accident, and
flat terrain. Since the FEM3 model is three-
dimensional and contains more detailed physics
‘than the SLAB model, it was utilized to esti-
mate the chlorine concentrations only within
the frst kilometer, where the heavier-than-
air density effects are most important. The
SLAB model was used 1o calculate the con-
cenirations within and beyond the first kilo-
meter, to minimize the required computational
resources. These concentration fields were then
merged to derive a ¢ontinuous distribution of
surface concentrations at a height of 1 m above
the ground, out to a distance of 5 km. This re-
quired only very minimal adjustirients to the
individual conceniration distributions.

Concentrations produced by the evapora-
tion of chlorine from the pool formed in Sce-
nario #4, the most severe accident, are shown
as a function of downwind distance in Fig. 1
for nighttime and in Fig. 2 for daytime. The
central curve in both figures is for a2 naminal
evaporation rate of 7.2 kg/s, for & pool size of
30 m by 30 m. Since the evaporation rate for
any given accident scenario is uncertain, a sen-
sitivity study was included to evaluate the ef-
fect on downwind concentration of varying the
evaporation rate. The upper and lower curves
in each figure denste the increase and decrease,
respectively, in concentration produced by in-
creasing or decreasing the evaporation rate by
a factor of 3. The most nominal steady-state
concentration varies from about 10,000 ppm
near the source to about 60 ppm at a distance
of 5000 m for nocturnal conditions and from
about 3000 ppm near the source to 10 ppm at
5000 m during the day. Because the spill is
large, these concentrations persist over periods
of approximately two to three hours. Changing
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Figure 1. Surface air concentra-
tions of chlorine resulting from Sce-
nario #4 (center curve) involving the
release of 9500 galions of liquid chlo-
tine during the nighttime. The upper
and lower curves denote the changes in
concentration that arise from varying
the poel evaporation rate by a factor
of three.

Figure 2. Surface air concentra-
tionis of chlorine resulting from Sce-
nario #4 {center curve) invalving the

telease of 9500 gallons of liquid chlo-

rine during the daytime. The upper
and lower curves denote the changes in
concentration thay arise from varying
the pool evaporation rate by a factor
of three.




the evaporation rate produces a roughly corre-
sponding change in concentration. Thus, for
the nominal evaporation rate of 7.2 kg/s, con-
tentrations exceeding 23 ppmaiay be expected
1o distances beyond 5000 im under nocturnal
conditions and to 3000 m during the day.
Figures 3 and 4 depict the physical dimen-

sions of the nocturnal and daytime plumes,

respectively. Only one-half of each plume
is gshown, since symmietry exists around the
downwind axis. The nocturnal plume is much
wider than the corresponding daytime plume
because of she initial slumping and horizon-
tal spreading of the heavier-than-air cold chio-
rine vapor and the more stable nighttime atmo-
spheric stability condition. Rence, half-widths
of about 500 m are typical during the night and
100 m during the day. Evaluation by the FEM3
model of the hazard due to the initial flashing
process, which involves 15 percent of the total

amount of chlorine, gave predicted concentra-
tions similar to those derived for the 7.2-kg/s
pool evaporation rate; however, the time dura-

minutes instead of two to three hours.

The concentration of chlorine in surface air
that results frorn the instanteneous release of
8200 gallons-of chiorine {Scenario #1) is shown
in Fig. 5 for both nocturnal and daytime con-
ditions. The 25-ppm level is exceeded out to
5000 m at night and to 1500 m during the day.
With the release of 80 gallons of chlorine over
a 12:minute period during the daytime (Sce-
nario #3), the resulting concentrations, shown

in Fig. 6, exceed 25 ppm oui to a distance of

115 m from the accident site. A 150-galion re-
lease over a 10:minute period {Scenario #2)
produces concentrations exceeding 25 ppm out
te a distance of 700 m during the nighttime, as
shown in Fig. 7.

4000 —1 T

3000

Width of piume {m)

1000

25 ppm

Figuie 3. A plen view of the chlorine plume concentrations resulting from Scenario #4 involving

the release of 9500 gallons of liquid chlorine during the nighttime. Only one-half of the plume is
shown since symmetry exists around the downwind axis.
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Figure 4. A plan view of the chlorine plume concentrations resujting from Scenario ##4 involving
the release of 9500 gallons of liquid chlorine during the daytime. Only one-half of the plume is

shown since symmetry exists around the dewnwind axis.
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CONCLUSIONS

This work has demonstrated that the
estimating the consequences of accidental lig-
uid chiorine spills. Such tools can be used to
developfor toxic chemical facilities emergency-
response plans that include the selection of
the lowest-risk transportation routes, the most
appropriate evacuation plans, and the most
cost-effective mitigation measures to ensure the
least possible impact on the public health and
safety. The FEM3 model is particularly useful
for emergency-response planning and detailed
post-accident analysis, while the SLAB model
is well suited for real-time emergency planniiig
and assessment. Thus, this work supports the
following recommendations:

¢ Use the FEM3 model to evaluate various
accident-mitigating measures such as “berm”

or “moat” designs emplaced about the chlorine
storage facility.

s Implement the SLAB model on & small
computér confiected to a network of meteoro-
logical sensors. Make real-time assessments of
hypothetical accidents during normal transfer
operations, to permit a rapid and effective re-
sponse in the event of an actual accidental chlo-
rine release.

* Continne 10 évaluate these models using
data acquired from field experiments involving
the release of a wide spectrum of toxic chem-
icals under a variety of meteorological condi-
tions. Such experiments will increase our con-
fidence in the model results and will also pro-
vide valuable data on the effectiveness of vari-
ous mitigation measures such as-fences, sprays,
walls, pits, etc.
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PREFACE

This publication documents the criteria and information sources that have been used by the National Institute for Occupational
Safety and Health (NIOSH) to determine immediately dangerous to life or health concentrations {IDLHs). IDLHs were
originally determined for 387 substances in the mid-1970's as part of the Standards Completion Program (SCP), a joint project
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equipment. NIOSH is currently evaluating the scientific adequacy of the criteria and procedures used during the SCP for
establishing IDLHs. In the interim, the IDLHs have been reviewed and, (if appropriate) revised. In this document, IDEHs are
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ZM" Documentation for

Immediately Dangerous
To Life or Health
Concentrations (IDL.Hs)

INTRODUCTION

Background, The Standards Completion Program, Discussion of Original IDIHs,
Current NIOSH Use of IDLHs, Revised Criteria for Determining IDI Hs, References

The "immediately dangerous to life or health air concentration values (IDLHs)” used by the National
Institute for Occupational Safety and Health (NIOSH) as respirator selection criteria were first developed
in the mid-1970's. The Documentation for Immediately Dangerous to Life or Health Concentrations
(IDLHs) is a compilation of the rationale and sources of information used by NIOSH during the original
determination of 387 IDLHs and their subsequent review and revision in 1994.

Background

Immediately Dangerous to Life or Health Conditions and Respirator Selection The concept of using
respirators to protect workers in situations that are immediately dangerous to life or health was discussed
at least as early as the 1940's. The following is from a U.S. Department of Labor bulletin:

The situations for which respiratory protection Is required may be designated as, (1) nonemergency
and {2) emergency. Nonemergency situations are the more or less normal ones that involve exposure
to atrnospheres that are not immediately dangerous to health and life, but will produce marked
discomfort, sickness, permanent harm, or death after a prolonged exposure or with repeated
exposure. Emergency situations are those that involve actual or potential exposure to atmospheres
that are immediately harmful and dangerous to health or life after comparatively short exposures.
[Yant 1944]

The Occupational Safety and Health Administration (OSHA) defines an immediately dangerous to life or
health concentration in their hazardous waste operations and emergency response regulation as follows:

An atmospheric concentration of any toxic, corrosive or asphyxiant substance that poses an
immediate threat to life or would cause irreversible or delayed adverse health effects or would
interfere with an individual's ability to escape from a dangerous atmosphere. [29 CFR* 1910.120]

In the OSHA regulation on permit-required confined spaces, an immediately dangerous to life or health
condition is defined as follows:

Any condition that poses an immediate or delayed threat to life or that would cause irreversible
adverse health effects or that would interfere with an individual's ability to escape unaided from a
permit space. Note: Some materials--hydrogen fluoride gas and cadmium vapor, for example--may
produce iromediate transient effects that, even if severe, may pass without medical attention, but are
followed by sudden, possibly fatal collapse 12-72 hours after exposure, The victim "feels normal”
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from recovery from transient effects until collapse. Such materials in hazardous quantities are
considered to be "imumediately dangerous to life or health.” (29 CFR 1910.146]

As part of their current respiratory protection standard [29 CFR 1910.134(¢)], OSHA requires that a
standby person be present with suitable rescue equipment when self-contained breathing apparatus or hose
masks with blowers are used in atmospheres immediately dangerous to life or health. Furthermore, persons
using air-line respirators in atmospheres immediately hazardous to life or health must be equipped with
safety harnesses and safety lines for lifting or removing workers from hazardous atmospheres. Go to top of

page.
The Standards Completion Program

In 1974, NIOSH and OSHA jointly initiated the development of occupational health standards consistent
with Section 6(b) of the Occupational Safety and Health Act of 1970 for substances with then-existing
OSHA permissible exposure limits (PELs). This joint effort was called the Standards Completion Program
(SCP) and involved the cooperative efforts of personnel from various divisions within NIOSH and OSHA,
and several contractors. The SCP developed 387 substance-specific draft standards with supporting
documentation that contained technical information and recommendations needed for the promulgation of
new occupational health regulations. Although new standards were not promulgated at that time, these data
became the original basis for the NIOSH/OSHA Occupational Health Guidelines for Chemical Hazards
[NIOSH/OSHA 1981].

As part of the respirator selection process for each draft technical standard, an IDLH was determined. The
definition for an IDLH that was derived during the SCP was based on the definition stipulated in 30 CFR
11.3(t). The purpose for establishing this IDLH was to determine a concentration from which a worker
could escape without injury or without irreversible health effects in the event of respiratory protection
equipment failure (e.g., contaminant breakthrough in a cartridge respirator or stoppage of air flow in a
supplied-air respirator) and a concentration above which only "highly reliable” respirators would be
required. In determining IDLHs, the ability of a worker to escape without loss of life or irreversible health
effects was considered along with severe eye or respiratory irritation and other deleterious effects (e.g.,
disorientation or incoordination) that could prevent escape. Although in most cases, egress from a
particular worksite could occur in much less than 30 minutes, as a safety margin, IDLHs were based on the
effects that might occur as a consequence of a 30-minute exposure. However, the 30-minute period was
NOT meant to imply that workers should stay in the work environment any longer than necessary
following the failure of respiratory protection equipment; in fact, EVERY EFFORT SHOULD BE

MADE TO EXIT IMMEDIATELY!

IDLHs were determined for each substance during the SCP on a case-by-case basis, taking into account the
toxicity data available at the time. Whenever possible, IDLHs were determined using health effects data
from studies of humans exposed for short durations. However, in most instances, a lack of human data
necessitated the use of animal toxicity data. When inhalation studies of animals exposed for short
durations (i.e., 0.5 to 4 hours) were the only health effects data available, IDLHs were based on the lowest
exposure causing death or irreversible health effects in any species. When lethal dose (LD) data from
animals were used, IDLHs were estimated on the basis of an equivalent exposure to a 70-kg worker
breathing 10 cubic meters of air.

Since chronic exposure data may have little relevance to acute effects, these types of data were used in
determining IDLHs only when no acute toxicity data were available and only in conjunction with
competent scientific judgment. In a number of instances when no relevant human or animal toxicity data
were available, IDLHs were based on analogies with other substances with similar toxic effects. Go to top
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of page.
Discussion of Original IDLHs

The basis for each of the 387 IDLHs determined during the SCP were reviewed and paraphrased from the
individual draft technical standards for this publication. Also included is a complete listing of references
cited in the SCP; in many cases where only secondary references were cited, the original sources have also
been added. Whenever available, the references (secondary and primary) were obtained to verify the
information cited in the SCP. However, a few of the original references such as personal communications
and foreign reports could not be Jocated.

Although 387 substances were originally included in the SCP, IDLHs were not specifically determined for
all of them. The published data at that time for 40 of these substances (e.g., DDT and triphenyl phosphate)
showed no evidence that an acute exposure to high concentrations would impede escape or cause any
irreversible health effects following a 30-minute exposure and the designation "NO EVIDENCE" was used
in the listing of IDLHs. For all of these substances, respirators were selected on the basis of assigned
protection factors. For some (e.g., copper fume and tetryl), an assigned protection factor of 2,000 times the
PEL was arbitrarily used to determine the concentration above which only the "most protective” respirators
were permitted. However, for most particulate substances for which evidence for establishing an IDLH did
not exist (e.g., ferbam and oil mist}, the use of an assigned protection factor of 2,000 would have resulted
in the assignment of respirators at concentrations that were not likely to be encountered in the occupational
environment. In addition, exposure concentrations greater than 500 times the PEL for many airborne
particulates could result in exposures that would hamper vision. Therefore, it was decided as part of the
SCP (and during the review and revision of the IDLHs) that for such particulate substances, only the "most
protective” respirators would be permitted for use in concentrations exceeding 500 times the PEL.

IDLHs could not be determined during the SCP for 22 substances (¢.g., bromoform and calcium oxide)
because of a lack of relevant toxicity data and therefore the designation "UNKNOWN" was used in the
IDLH listing. For most of these substances, the concentrations above which only the "most protective”
respirators were allowed were based arbitrarily on assigned protection factors that ranged from 10 to 2,000
times the PEL, depending on the substance. There were also 10 substances (e.g., n-pentane and ethyl ether)
for which it was determined only that the IDL.Hs were in excess of the lower explosive limits (LELs}).
Therefore, the LEL was selected as the IDLH with the designation "LEL" added in the IDLH listing. For
these substances, only the "most protective” respirators were permitted above the LEL in the SCP draft

technical standards.

For 14 substances (e.g., beryllium and endrin), the IDLHs determined during the SCP were greater than the
concentrations permitted based on assigned respiratory protection factors. In most instances the IDLHs for
these substances were set at concentrations 2,000 times the PEL. Go to top of page.

Current NIOSH Use of IDLHs

The current NIOSH definition for an immediately dangerous to life or health condition, as given in the
NIOSH Respirator Decision Logic [INIOSH 1987], is a situation "that poses a threat of exposure to
airborne contaminants when that exposure is likely to cause death or immediate or delayed permanent
adverse health effects or prevent escape from such an environment." It is also stated that the purpose of
establishing an IDLH is to "ensure that the worker can escape from a given contaminated environment in
the event of failure of the respiratory protection equipment.” The NIOSH respirator decision logic uses an
IDLH as one of several respirator selection criteria. Under the NIOSH respirator decision logic, "highly
reliable” respirators (i.e., the most protective respirators) would be selected for emergency situations, fire
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fighting, exposure to carcinogens, entry into oxygen-deficient atmospheres, entry into atmospheres that
contain a substance at a concentration greater than 2,000 times the NIOSH REL or OSHA PEL, and for
entry into immediately dangerous to life or health conditions. These "highly reliable” respirators include
either a self-contained breathing apparatus (SCBA) that has a full facepiece and is operated in a
pressure-demand or other positive-pressure mode, or a supplied-air respirator that has a full facepiece and
is operated in a pressure-demand or other positive-pressure mode in combination with an auxihiary SCBA
operated in a pressure-demand or other positive-pressure mode.

When the IDLHs were developed in the mid-1970's, only limited toxicological data were available for
many of the substances. NIOSH has recently requested information on the current uses of IDLHs in the
workplace and on the scientific adequacy of the criteria and procedures originally used for establishing
them [Federal Register, Volume 58, Number 229, p. 63379, Wednesday, December 1, 1993]. The
information received in response to the Federal Register announcement is being evaluated and will be used
to establish future actions concerning IDLHs. In the interim, however, NIOSH decided to review the
existing IDLHs, and revise them as appropriate.

This document includes IDLHSs for 85 substances {e.g., benzene and methylene chloride) determined by
NIOSH to meet the OSHA definition of "potential occupational carcinogen” as given in 29 CFR 1990.103.
For all of these substances, except ethylene oxide and crystalline silica, NIOSH recommends that the
"most protective” respirators be wom by workers exposed at concentrations above the NIOSH REL, or at
any detectable concentration when there is no REL. For ethylene oxide and crystalline silica, NIOSH
recomumends that the "most protective” respirators be worn in concentrations exceeding 5 ppm and 25

mg/m3, respectively [NIOSH 1989, 1994]. Go to top of page.
Revised Criteria for Determining IDLHs

The criteria utilized to determine the adequacy of existing IDLHs were a combination of those used during
the SCP and a newer methodology developed by NIOSH. These criteria form a tiered approach with acute
human toxicity data being used preferentially, followed next by acute animal inhalation toxicity data, and
then finally by acute animal oral toxicity data to determine an updated IDLH. When relevant acute toxicity
data were insufficient or unavailable, then the use of chronic toxicity data or an analogy to a chemical with
similar toxic effects was considered. In order to facilitate the revision process, secondary toxicological data
were primarily used. Once a preliminary IDLH was developed, it was compared to the existing IDLH and
to several other factors (e.g., existing short-term exposure guidelines and lower explosive limits).

The following “hierarchy" was followed to develop a "preliminary” value for the revised IDLH:

A Human acute toxicity data were used if sufficient to determine a concentration that for up to 30
minutes does not cause death, serious or irreversible health effects, or does not impair or impede the
ability to escape.
B.Animal acute lethal concentration (LC) data were considered next. The only animal lethal
concentration data used involved mammals; the vast majority of the data was from studies of rats,
mice, guinea pigs, and hamsters. It was decided to generally use the lowest reliable LC data, with
LC50 data preferred. If acute LC data determined during a 30-minute period were not available, then
the data, based on a study by ten Berge et al. [1986], were "adjusted” to an equivalent 30-minute
value using the following relationship:
Adjusted LC50 (30 minutes) = LC50(t) * (t/0.5)** (1/n)
where: LC50(t) = LC50 determined over t hours

n = constant*
*Note: ten Berge et al. [1986] determined the relationship shown above based on experimental data.
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The constant "n" was determined by ten Berge et al. to be less than 3.0 for 18 of the 20 substances
studied. Although the individual "n" values determined by ten Berge et al. [1986] were utilized when
applicable during the review and revision of the original IDLHs, as a conservative estimate, an "n” =
3.0 was assumed when "adjusting” the LC data to 30 minutes for all other substances.

This equation with an "n" = 3.0 results in the following correction factors:

t (hours) correction factor
0.5 1.0
1 1.25
2 1.6
3 1.8
4 2.0
5 2.15
) 2.3
7 2.4
8 2.5

The LC values (after “adjusting"” if necessary to 30 minutes) were divided by a safety factor of 10 to
determine a "preliminary” IDLH for comparison purposes.

C.Animal lethal dose {LD) data were considered next. As was the case with the lethal concentration
data, the only animal lethal dose data used involved mammals; the vast majority of the data were
from studies of rats, mice, guinea pigs, and hamsters. It was decided to generally use the lowest LD
data with oral LD50 data preferred. The LD data was used to determine the equivalent total dose to a
70-kg worker and, as was done during the SCP, the air concentration containing this dose was
determined by dividing by 10 cubic meters. [Note: A worker breathing at a rate of 50 liters per
minute for 30 minutes would inhale 1.5 cubic meters of air.] A "preliminary” IDLH for comparison
purposes was determined by dividing these air concentrations by a safety factor of 10.

D. Chronic toxicity data were considered if no relevant acute toxicity data existed. However, the fact
that chronic exposures may have limited relevance to acute effects was taken into consideration.

E. When relevant toxicity data applying specifically to the chemicals in question were lacking, and if
it was determined to be justified, then analogies to substances with similar acute toxic effects were
considered.

F. All "preliminary” IDLHs derived during this update were checked against the following factors
prior to establishing the final "revised” IDLH.:

1. Lower explosive limit (LEL): It was decided to restrict the "routine” entry into a possible explosive
atmosphere to concentrations no greater than 10% of the LEL. [Note: SCP-derived IDLHs were set
at 100% of the LELs if there were no known serious health hazards below these values. However,
OSHA considers concentrations in excess of 10% of the LEL to be a hazardous atmosphere in
confined spaces [29 CFR 1910.146(b)}.
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2. RD50 data: An RD30 is defined as the 10-minute exposure concentration producing a 50%
respiratory rate decrease in mice or rats and can be used to estimate severe respiratory irritation.
Prolonged exposure to an RID50 concentration has been shown to produce respiratory tract lesions
consistent with irritation [Alarie 1981; Buckley et al. 1984].

3. Other short-term exposure guidelines such as the American Industrial Hygiene Association's
emergency response planning guidelines (ERPGs) and the National Research Council's emergency
exposure guidance levels (EEGLs) and short-term public emergency guidance levels (SPEGL.s), and
occupational exposure standards or recommendations such as OSHA PELs, NIOSH RELs, or the
American Conference of Governmental Industrial Hygienists (ACGIH) TLVs.

4. Based on the NIOSH respirator decision logic, the revised IDLHs could not be greater than 2,000
times the NIOSH REL (or OSHA PEL).

5. The revised IDLHs would not be greater than the original IDLHs derived during the SCP.

Anyone who is aware of additional published data that may affect the IDL.Hs determined for particular
substances is encouraged to make this information available to NIOSH. All data will be reviewed and
consideration will be made regarding subsequent revision of the IDLHs. Go to top of page.
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Lakes Environmental - Download Lakes Environmental Software Demos http:/fwww.lakes-environmental. comy/lakedemo.htmi

HIE LAKES ENVIRUNSENTAL S0F TWAKE
SOFTWARE - TRAINING HOME

Lakes Software Demos

¥ About LAKES i DOWNLOAD FREE

¥ |LAKES Sofbware

W\_g

# Digital Terrasn Data

Links o AQencies

;::H;r'rln;-:n'. 'ﬂf'_" ™ || ‘ ﬂ ‘ ?
§  News B Events LL' B |

# Hot Links =
ISC View Demo SLAB View Demo Screen View Demo

(1,363,298 bytes) (1,363,633 bytes) (1,233,301 bytes)

To Install the Demo: You have to unzip the file. After
unzipping the file, from the Windows Program Manager,
choose File[Run and run the setup.exe program in the directory
where you unzipped the file. For example,
c:\download\new\setup.exe.

Note: Please increase your web viewer "time-out” when you
are downloading large files. If you cannot download our demo,
please do not hesitate to call, fax, or e-mail us. We will gladly
send you a free copy of the ISC View demo by mail.

Phone: (519) 746-6157
Fax: (519) 746-0793
e-mail: info@lakes-environmental.com

FOR MORE INFORMATION GO TO:
A | Alr Dispersion Model |

1of2 3/15/98 1:47 AM



Lakes Environmental - Download Lakes Environmental Software Demos http:/fwww lakes-environmental.com/lakedemo. html

4 BELERNGU| Emergency Reisase Model |
PN Screen View ] Screening Model ]
PN RMP Wizard l 112{r) Applicability (FREE)

4 LAnRUag  Wind Rose Piotting (FREE) |

Back to Top

Lakes

Evais onnaental

Home | About LAKES | LAKES Software | FREE US EPA Models
Digital Terrain Data | Links 10 Agencies | Air Toxics Index | News & Events | Hot Links

Copyright © 1995-1998 Lakes Environmental Software
Send your comments to: webmaster@lakes-environmental com

20f2 3/15/98 1:47 AM



Lakes Environmental Software - Information & Demos

1of3

HIOME

® About LAKES
¥ LAKE" fhware
& FREE US EPA Models

# Digital Terrain Data

# Links to AQEnCIES

#  Air Toxics Trchecs

#  MNews B Events

®  Hot Links

LAKLS ENVIROMNSESNTAL S0OF TWARE

http/fwww.lakes-environmental com/iakesfiw . himl

SOFTWARE - TRAINING HOME

Lakes Environmental Software

INFORMATION AND DEMOS

~ IEECl| A Dispersion Model

|
Py [ Emergency Release Modsl |
|
|

P screen view | Screening Model

P e wizard [ 112¢) Applicability (FREE)

~ CLEOIRTSY [ Wind Rose Plotting (FREE) |

WR—-—-’ ”\W -

Lets Face It ! The average modeler is "over-worked" and does
not have time to spend searching for widely spread
information. To address your needs Lakes Environmental
Software is dedicated to the development of quality and
cost-effective air quality dispersion modeling software with the
following characteristics :

3/15/98 1:43 AM



Lakes Environmental Software « Information & Demos

20f3

hitp:/fwww lakes-environmental comy/lakesfow html

/» We produce similar /& We provide an extensive
interfaces to reduce your stress data validation saving

on the leaming curve. You modelers time, costs, and
learn one, you learn them  headaches.

all.
/¥ User's Guide that teaches

/¥ Our unique and innovative you the quick and easy way

interfaces offer much more  through the program using
flexibility than traditional  pictures rather than lengthy
DOS interfaces, and let you explanations.

produce results that would be
time consuming to obtain
traditionally. If youneed to  that really kelps” which

test different scenarios, you  includes status bar tips and

will find that our interfaces are full-blown on-line Help with
very flexible. topic search capabilities. As the
User's Guide, the Help is also
full of pictures for easy
understanding of the steps and
commands to follow.

¥ Context-sensitive "Help

7¥ Lakes Environmental
Software interfaces are true
integrated modeling
environments - intuitive data
input, model run, and
powerful post-processing.
You can develop all your
work within one easy
package!

Lakes Environmental Software brings to the air modeling
community the following packages:

ISC View | SLAB View | BPIP View | Screen View | Rammet
View
RMP Wizard (FREE)| WRPLOT View (FREE)|

All our software products are backed by 1 year free updates,
technical support, and information. This is crucial in this field
where models and regulations can change overnight.

0 iy .
% Price Information

For additional information please contact us at:

Lakes Environmental Software
phone : (519) 746-6157 - fax : (519) 746-0793
e-mail: info@lakes-environmental.com

3/15/98 1:43 AM



ACCIDENTAL RELEASE PREVENTION PAGE ELECTRONIC TOOLS hisp:orww epagovingyigr) progrens and/otieyarppieoos hm

I ofl

Ve ) E Region 7
w United States Environmental Protection Agency

LS. ENVIRONMENTAL PROTECTION AGENCY: REGION Fii

ELECTRONIC TOOLS

@ CEPPO ELECTRONIC TOOLS-This page discusses electronic tools (computer models and
software) and connects to the following: Accidental Release Information Program (ARIP); Chemical

Accident lavestigation Team (CAIT); Computer Aided Management of Emergency Operations
{CAMEO); Emergency Response Notification System (ERNS); Hazardous Analysis for Toxic
Substances (HATS); Landview; Questions and Answers; TierZ Reporting & Inventory Sysiem - EPA's;
Tithe 11 List of Lists, Atmosphenic Dispersion of Reacting Agents (Adora); Palmiop Emergency Action
for Chemicals (PEACY; PLG Off-Site Consequence Analysis Guidance Software; Tier? Reporting from
an MSDS/Inventory Database-Pardalis Software, Inc..

@Public Domain Accidental Release Models
@ ADAM--(Air Force Dispersion Assessment Model) Performs release rate, pool evaporation,
and neutral and dense gas dispersion calculations. ADAM uses refined methods. It has a chemical
database of eight chemicals and little or no modeling experience 15 required.
@ AFTOX--{Air Force Toxic Chemical Dispersion Model) Predicts toxic pollutant
concentrations form continuous and instantaneous peint and area sources. The model also
calculates evaporation from a liquid spill and the subsequent transport and dispersion of the vapor
cloud.
@ ARCHIE-{Automated Resource for Chemical Hazard Incident Evaluation) Performs release
rate, pool evaporation, neutral and dense gas dispersion, pool fire, jet fire, fireball, BLEVE, and
vapor cloud cxplosion calculations. ARCHIE uses simple methods. The user must provide
chemical data (no chemical database) and little or no modeling experience is required.
@ DEGADIS-<{Dense Gas Dispersion Model) Performs dense gas dispersion calculations.
DEGADIS uses refined methods. It has a limited chemical databese and substantial modeling
experience is required.
@ SLAB--Performs dense gas dispersion caleulations. It uses refined methods. The user must
provide chemical data (no chemical database) and substantial modeling experience is required.
@ TOXST-(Toxic modeling system Short-Term) Estimates the dispersion of toxic air pollutants
from point, area, and volume sources at a complex industrial site. This system allows the
estimation of ambient concentration impacts for single and multiple pollutants from continuous
and intermittent sources. In addition, the model] estimates the average annual frequency with
which user-specified concentration thresholds are expected to be exceeded at receptor sites around
the modeled facility.

1548 1133 AM
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@ TSCREEN-{Toxic Screening Model) Performs release rate, pool evaporation , and natural
and dense gas dispersion calculations. TSCREEN uses simple methods. [t is primarily used for
sereening and little or no modeling experience is required.

[fynuhumanymmcm Wmmmﬂm&mﬂmm
events, e-mail Mark Smith at smith.marka@ens T

3 of 2 315/58 133 AM



CAMED Demo Files hitpch 206, 35,43, 1 | iehocamidemafils. him

Environmental Health Center

CAMEQ for Windows Demo

®The demo is seli-installing. Create a directory named new and download the file into the new
directory. Type cam_demo under "Run" to decompress file. Type setup under *Run” to initiate setup
program. Application has uninstall feature. Download now, (1.8 MB file)

®This demo is not self-installing and is a self-extracting #ip file - download if you have problems with
the demo's install program. Instructions: Create a new directory named cam_win. Download file into this
directory. In File Manager, select dem_winl.exe to extract files. Associate "start.dmr”™ with "player.exe”
- go to associate selection under file menu in Fire Manager. Select start.dmr to start demo. Download

now.(1.1 MB file)

Return to CAMEQ [EHC Top Page | EHC Directory | NSC Home | Comments

{ah:
"1.-,_ <3
Environmental Health Center
A Division of the National Safety Council
1025 Connecticut Avenue, NW, Suite 1200, Washington, DC 20036

(202) 293-2270 (tel); (202) 293-0032 (fax)
(%) vational Safety Council

June 20, 1997 | Disclaimer/Palicy

lafi 558 12D AM
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rrperiencd with the sodel. Further, they
have enly fintte grid resclubios that casnot
do complicaked obctacle Fieldc tuek §i fac-
torfes or towss. In addition, they are im-
praciical for calculating far fiald concans

traticne many kilometers dowesind where dense
gas wffects ere negligible, Repent efforts
with Lagrangian els [Schorling (23}] are
atioeptisg Lo overcome some of thess oififi-
cultis.
Heoel ¥alidatian

Thee asaflabll af d quality dense

gas dispersion dats hes e madel validatioa
possibie, There 8 werk fm progress im Ehis
eatromaly inportant sres everywhere in which
heavy gay dispersion research 15 ongofng. AL
LLs, under U.5, Air Forie sponsorship, we
aré davolved In & modn] vl idatioa prograa
which includes development of » model sssess-
ment methodalegy, swrway of experimentsl data
to identify benchmark dats zeiz, and model/-
data comparison usipg FEM3 or SLAB.  The
modi] validatiss process ales includes evale-
atlom of th,

imhereat sceuracy of bthe models' mabhe

mitical framework
accuracy of availabie inpot data,
sccuracy of mateorological deseription.

appropristeness of nodel wssomptions,
sceurdcy of representation of physical
ProfesiEs,
compardsens with laborikory scale, and
comparisan with field scale,
This, Tield esperinsnis and medel dovelopmest
are tled ether thraugh modelfdats compari-
soa and model val Idatian,

STHARYT
Huch 4 has bees made in our wee
durstanding danie gas dispersion, and much

improvesent has otcurred in our ability te

feb the consequences of accidentsl re-
pases,. PFven a5 we galn conf fdence In oer
abilitiss te predict Eke outcomd of simple
refeases of simple substances, real worid
demands outstrip these abidities.

Thwis paper has Briefly discessed the
casses of desse ges behavior including large
sige, Tow tewperstwre, flashing two-phste
flow, chemies] reactions., evaporative cool-
fng, #nd high molecular weight relesses.
Hany of these causes are bg::ﬂml to appear
in thecrstical sodely of & get diipers
ston. It will be mecessary to comtinue this
process §F models are to be reliably vsed for
predictions.
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THE EXFANSION OF ARAC FOR CHEMICAL HELEASES

Romald L. Baskett Belarlc T, Blair
Lawrsnce Livermore Lirarence Livermom
National Lab, 1-103 Maticaal Lab, L-103
P. 0. Hox 808 P. 0. Bax 808
Livermace, CA, Livermare, CA
Q45510808 USA D4551-0808 LESA
510-423-6T31 510-422-4766
rhaskett@lal. gov mblair@linl.gov

SUMMARY

Im 1996 the Atmospheric Release Advizery
Capabitity (ARAC) st Laavence Livermore Wational
Laborstory (LLNL) completsd an effort to expasd its
eations]l emergepcy response modeling  system  fior
chomical releases. Key componcnis of mew capability
inctode the imtegratzon of:

An axtantve cherical property datsbase

Soerce modeling for tanks and evaporating pools

Denser-than-gir dispersion

Pablic exposur: guidcfines

An interactive gaaphical user imerface (GUT),
Hocor use amd the futare of the new capability are also
i,

L INTRODUCTION

As & centralized US Department of Energy (DOE)
mescurcs, ARAC's primary role 15 0 mspond 1o incidents
imvolving noclear material, However, one-thind aof
ARAC's moge than 80 responses and alens in be past 20
years have fevolved using Omited tools to respond 0
chemical relesses, Por example in JFuly 1993, when stace
and local sgeacics asked ARAC to estinate the cxtent of
sulfaric acd mis cloud des 1o o T258-kg (B-ton) aloam
muilear relosse fn Richmond, California we relied on
simple conservative oonslant sourcs rale etimates.” Alwo,
we displayed air concestrations rather than public bealih
effects guidelines o cur plots.

II. SOFTWARE GOALS AND REQUIREMENTS

Cur primary gosl was to implement a geocralized sct
of teols for & wide varicty of common indastrial chemicals
and rolesse mechanizms  within  our existing 3D
diagnostic modding eysiem.® Am emergescy mmanages
faced with immadiate dacisiors regarding public health and
gafety roguires timely and credible model prodacts.

Coance §. Poater Aflan & Taylor
Lawresoe Livarmon: Lawrenos Livermions
Mational Lab, L-103 Mptional Leb, L-5&1
P. 0. Bz 808 P. D, Box 808
‘Livermone, CA Livermore, CA
D4551-0808 1TSA 945510808 LISA
510-422-1367 F10-422-15T2
closier@inlgov Elge@llnl.gov

Timeliness demands highly sutomated computer tools
with readily availoble defaults accessed through an eazy-10-
use GUL Our goal is 1w deliver a set of initial plotw ia
53 than 15 mimuics o an ARAC-supponcd siie Tor
predctomemed  defaull  scenarics.  Credibility  redquines
maintaining o bolance tn the sccomcy of the fdees
prisciple mode] compenents—soarce nsodeling, dispersion
madaling, and o lmitw. Evaluntions of the ARAD
midels Bave shown thal sccorscy of o facior of tae is
achievable.® However, depesding on the quality af the
sccident iaformation, source modeling may mod sustain
this scouracy. Significast uncertainties also eaist in
setting health-based acute exposure limits,

Fon thas first implemeniaion we decided

= Treat enly singhe component chemicals
representing stable products of complessd resctions

+  Implement a fexibie sowrcs modeling tool

* Treal positively, meutrally, and pegatively buovant
rebease mochandsans

=  Provide dafoults for common procesa, storage, and
ransportalion soarces

&  Beable to model multple omolansos relasses
consisting of either multipls chemicsl: or multiple
accidant lecatons

#  Deliver the initial plols in &n easy-i-understand
format with health-effect guidehnes.

1. COMPONENTS OF CHEMICAL MODELING

Figure | lDustrates the compoments of the cumcnl
ARAC-TI modeling sysiem we modified to simulats toxic
softoare to accelersle implamemation. Whils severl texic
chemical modeling systems have manired over the last
decade,’ the Mational Oceanographic and Atmospheric
Administration (MOAA) Areal Locations of Hamrdow
Atmospheres {ALOHA) model® was one of the few readlly
svaclable public-domain codes.



A. Chemlcal Properties

We wsed the American Imstitoie of Chemical
Bagineers (AIChE} Design Irstiute for Physical Property
Dista (DIFPR) chemics] property database® for inputs into
the gouree modeling. ALOHA Version 5.2 contums a Tist
of 906 indusicial chernicals that could be relessed 1o the
atmosphere, 477 of which are included in the ocument
DIFPE Vemsion 10 detabase of 1458 chemicals.
Pormnately most of the common tndustral chemicals aee
incladed in the inlersection of the DIFFE and ALDHA
darshases, We aleo addsd properties for many nen-DIFFR
chemicale. We built a GUL o sccess the 26 single-value
constanis and I3 functions &n
DIFFE chemicals and incloded the abilily w0 ensily adl
new clomicals.

B. Chemical Release Mechanisms

We developad softwee 10 calouliie sourte raes and
gromemics for two new chemical source Lypes—ianks and
pocts. For (hese soue models, we consabted ALOFIA'S
dovelopers and adapied their code o the ARAC
Questionnaire OUT wsing  X-Windows Motif designe
Single phase [gas or liguid} or tao-phase (gas and aeroaol)
feleags ratex from fmks conlaining gas  DBaoid, or
preswarized o nefpemisd liquefied gas ‘are delermned
ssing the Fuske-Epsiein homogeocous  equilibrium
model. Evaporation from an  instantancousiy-fomeed,
contiant-radius pool iz modelsd with an ensrgy balance
method with atmospheric and ground condition inputs.
While ALOHA basa one-hour sowrce duration limit with
five equal source rate intervals, we allow the user to seleci
the time step for the Hme-varying refease mis calculation
and allow a release to last up to 24 hours.

Aleo, we already had thees ocher source Types withoot
source male caleulations. For these we specify the source
rate directly or estimate it & a fraction of the awvailable
inventory. For each of thess sources, we provide time-
dependent source geomemics in our Lagrangian particke
model. For stack or direct releases, the user specifies
paremeters (o caloulate the me-dependent plume nise if
the sousee is buoyant For building or fuel fires we
estimate e hest emisston and employ modified Briggs
plume rise equstions. For products involved im
explosions, we use cither a the time-dependest jntegral
plume rise explosive cload mothod or a fixed stebilized
cloud sowrce geometry.”

. Denser-than-Ajr Dizpersion

The SLAB mode] developed and evaluated by LLNL'
wits & natural chodce for us 1o quickly implement a densen
than-air dizpersion capabifity, We modified SLAB"S

sendy-stme  inputz  to  incorporate Hime-varying
meteornlogy and source rates. Time-varying wind speed
and directon at the source location are extracied from
ARAC's mass-consistent wind Geld model, MATHEW.
To simulste Gme-varying souce conditions, e source
fate is proporioncd into scveral steady-state SLAB model
runs. While terrain influences the MATHEW wind field,
1emriin is g0t trested in SLAB's dispersion,

D. Exposure Guidelines and Defsult Plots

We displuy simple bealth-effoct wording for the
current sel of T3 American Indusirial Hypiens Association
(AIHA) Emerpency Responss Planning Guidelines
(ERPGs) and the 337 DOE Subcommiltee o
Coesaqence  Astsssemisnl and  Protective  Actions
(SCAPA) Temporary Emergency Exposure Limits
(THELs)® In addition 10 showing the three ERPGs or
TEELs, we frequemly show a fourth comous for 104 of
the ERPG-1 or TEEL-1, While below any heslth effect,
this fourlh contour & included to conssrvatively represent
] ocder-of-magnitude uncertsinty is the owverafl
ealculation,

We generate two types of defak ploti—ose set of
bourby-averape air concentrations aed & secomd plot
representing the compesite short-term (S-minate) svemge
gir concenmration for the eatim model nm. Figure 2

illustrates an éxample of the latter plot type displayed
using US Census TIGER stress-level geography.

I¥. OPERATIONAL USE

In 196 ARAC-supported facilities aound the
country began exercising the chemical response capability.
Each facility has an ARAC Site Workustion System'
wilh sulcenated Totally-Automated Hands-0f Bxereise
(TAHROE) software, Users gimply entsy the doe, location,
and release (ype in the Questionraine. Typically a site will
receive the default so1 of plot in less than 10 minuies.

In 199596, we also conducted several in-houss
practices o fest and train on the new software. Figure 2
shows x plot fora practice response based on information
from the sews. We interpolated meteorological conditions
to Bogaluss, Louisiana and estimated the release rate from
i nitragen tetroxide tank car over a 20-hour period,

In adifitpon ia 1994, we resporded to severs] reguesis
1o minelade sctial chemicsl incidents inclhading:

= A trakn dersilment pear Cajon Piss, Califomia

= A& mereaplan fank spill in Hewasrk, Celifiormin

» A potentisl bydmzine spill from an P-16 sircrafi

incident af Kirtland AFR, Maw Meaxico
# A mfisary fire in Wilmingtos, Califoraia
s A mifric acid gpill at ldsho Mxtl. Enginecsing Lab



s Detsiled near-in impacts of complex release
mecharisms or dispersion In clOy SOEEL CANY00S
= Complex pisst-accilent anelyses,

V. FUNURE DEVELOPMENTS

In 1957-1998, the ARAC service will expand to US

emergescy opernfional tenlérs throughout the country on

mmﬂﬂnumcwmudumﬂﬂm (BCH). "
In addizion, patentisl feture developments includs:

Chemical mixmures

Combostion chemisiny

Beactions and stste changes in ihe pmosphere

Peak sir comcentmtions

Iniegraion of a oow depser-than-uir Lagrangisn

particle miodel over cortinu o terain with a

progrostic capability.
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Figure 1. Changes to the ARAC modeling sysiem for chemical responses.
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Figure 2. Example ARAC plot for the October 24, 1995 nitrogen tetroxide releass in Bogalusa, Louisiana.
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FREE GRI SOFTWARE PROGRAMS

Scveral computer programs relating to LNG safety have been developed under the sponsorship of Gas
Research Institute (GRI). Three of these programs, LNGFIRE3, SOURCES and DEGADIS 2.1 were
cited in NFPA's 1996 standard on LNG Safety (59A). GRI is making available the latest version of these
programs together with the full text of the original reports to the technical community through this web
site at no cost. Unlimited technical support to registered users of these programs for a period of one vear
is also available by completing and returning the E-mail page from this web site. or by fax at (847)
390-T7625.

To download, LNGFIRE3, SOURCES OR DEGADIS 2.1, together with the abbreviated users' guides
and to download the full text of the LNGFIRE, SOURCE, or DEGADIS REPORTS, simply select the
desired program by clicking the appropriate button and follow the instructions. To install LNGFIRES3,
SOURCES, OR DEGADIS from the self-extracting compressed files LNGINST.EXE, SRCINST.EXE
or DEGINST EXE that vou downloaded, type LNGINST, SRCINST or DEGINST at the DOS command
prompt. Documentation files are provided with each program. These files (LNGFIRE.DOC,
LNGFIRE.WPD, SOURCE.DOC, SOURCE.WPD, DEGADIS.DOC and DEGADIS. WPD) are
available in MS WORD 6.0 and Word Perfect 6.1 formats. Retain the version that you wish and erase
the other.

LNGFIRE3 allows the user to calculate the radiant flux levels to horizontal and vertical targets and
the maximum flux level from confined LNG poal fires at up to ten user-specified distances, and the
exclusion zones to the four flux levels specified by the federal standard 49 CFR 193.2057. This program
supersedes the program LNGFIRE originally included in the report entitled LNGFIRE: A Thermat
Radiation Model for LNG Fires (GRI Report Number 89/0176). This report may be downloaded by
clicking on the DOWNLOAD LNGFIRE REPORT button. This file is 640 KB in size. This report is
also available from NTIS (PB91-220137). LNGFIRE3 supersedes the program provided with
INGFIRE2: User's Guide, GRI Report Number GRI-92/0532.

SOURCES supersedes all previous versions of SOURCE, originally distributed as part of the
report: "The Spread and Vaporization of LNG," GRI Report No. 92/0534. SOURCES allows the user
to develep the transient vapor generation rate from an instantaneous or continuous spill of LNG on land
or water. Spills in dikes of various shapes and substrates and the presence of a sump are also addressed.
The results are presented in a file which may be directly imported into the vapor dispersion program
DEGADIS (or its Windows™ version, DEGATEC). The Spread and Vaporization on LNG report
which is 434 KD in size, may be downloaded by clicking on the DOWNLOAD SOURCE REPORT
button.

DEGADIS 2.1 is a dense gas vapor dispersion program designed to model the atmospheric
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dispersion of ground-level, area-source dense pas (or agrosol) clouds released with #ero (initial)
momentum into an atmospheric boundary layer over flat, level terrain. A jet plume model has been
interfaced with DEGADIS to predict the trajectory and dilution of vertically oriented gas or acrosol jets
with positive, neutral, or negative buoyancy. For negatively buoyant jets, if the jet/plume retums to
ground level, DEGADIS predicts the ensuing ground-level plume dispersion. The results are presented
in tabular form. Users must have access to either "LNG Vapor Dispersion Prediction with the
DEGADIS Dense Gas Dispersion Model,” by Jerry Havens and Tom Spicer, Gas Research Institute

i No. GRI 890242 ,(1990) also available from NTIS #FB91-50971 1 or "User's Guide for the
DEGADIS 2.1 Dense Gas Dispersion Model,” by Tom Spicer and Jerry Havens, US Environmental
Protection Agency Report No. EPA-450/4-89-019,(1989), NTIS #PB90-213893, The former report is n'a
KB in size. It may be downloaded by clicking on the DOWNLOAD DEGADIS REPORT button.

' DOWNLOAD E3 i I W, NGFIRE REPORT

| PROGRAM AND MANUAL {GRI Report No. 89/0176)

I DOWNLOAD SOURCES DOWNLOAD SOURCE REPORT

| PROGRAM AND MANUAL (GRI Report No. 92/0534)
DOWNLOAD DECADIS 2.1 " DOWNLOAD DEGADIS REPORT
PROGRAM AND MANUAL (GRI Repart No. 89/0242, 1990)

MM Page | Next ng‘l
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FEM3A

The FEM3A modeling code accurately predicts the dispersion of heavier-than-air
clouds from hazardous spills

IcELOmS

- = - — — =

Why is this code important?

Large spills of hazardous materials, such as chlorine, hydrogen cyanide or sulfuric acid, often produce
heavier-than-air gas clouds. Unlike trace gases, these clouds tend to hug the ground and dissipate slowly,
thus creating potentially higher risks to health and the environment. FEM3A can help address one of the
important environmental problems of our time: how to be prepared to deal with these spills before the
fact and when they oceur.

FEM3A can handle complex situations with greater accuracy

FEM3A takes into account terrain and obstructions, extremely imporiant factors in predicting cloud
movement. Becanse the code is fully three-dimensicnal, FEM3A can simulate complicated cloud
structures that are beyond the prediction capability of simpler models. The code can deal with instant
releases of hazardous materials, such as a burst tank of liguified natural gas or chlorine. or releases of
finite or continuous duration.

FEM3A designs and locates safer facilities for hazardous

chemicals

FEM3A has been used to assess the potential hazards associated with storing more than 10,000 gallons
of liquid chlorine at a sewage treatment plant located near San Francisco Bay. Researchers are also using
the FEM3A model, in conjunction with wind tunnel experiments, to evaluate potentially effective
mitigation techniques for accidental releases involving heavier-than-air gas clouds.

The accuracy of FEM3A has been validated at the Spill Test Facility at the Nevada Test Site.

Hardware

FEM3A runs most efficiently on a mainframe computer, such as the Cray-1 or Cray-2.

Open for collaboration

The Laboratory is seeking an organization interested in collaborating on further improvements (o
FEM3A. The Technology Transfer Office will work with interested companies to tailor agreements that
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meet their needs.
Contact:

Diana "Coolde" West
Tel No.: (310) 422-6416
Mail Code: L-795

—_— —

Applications

» predict movemeni of heavier-than-air gaseous clouds from hazardous spills
» agsess potential hazards ar chemical processing and storage sites

= evaluate mitigation fechnigues for accidental releases

& perform site assessment studies for facilities using hazardous chemicals

The Industrial Partnerships and Commercialization office at Lawrence Livermore National Laboratory
invites industries to call and explore the possibility of a match between their technological needs and our
Laboratory's multidisciplinary capabilities. Our "specialists™ know how to connect industry
representatives with researchers in their field of interest. To start, simply phone, write a letter, or e-mail
b

Industrial Partnecships and . . . . . . {IP&C Home Page)
Commercialization, L=-T78%

Lawrence Livermore Waticnal Laboratory. . (LL¥ML Home Page)

TOOOD East AVERE8. . « « « = & & 4 = = » {Mreactionas toc LLNL)

Livermore, CA 94550

Tel. Ho.: (5100 423-5660 . . . . . « +« . (LLWL Directory - Forms)
Fax Ho.: (210} 423-B3HB. . . . « « « &« . [LLNL Dirsctory - w/'o Forms)
emall: TPandCAllnl.gov . . « « - « + = (Information Reguest Form)

If you have questions about the layout, format, or content of this page, contact
milner!@linl gov - Joe Milner

. - and LLNL Disclaimers

UCRL-TB 110794 - Last modified March 2, 1995.
You are caller number 867, Thank you for visiting.
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FLIXBOROUGH - 20 YEARS AFTER

Trevor Kletz
2nd Biennial Canadian Conference on Process Safety and Loss Prevention

1 Introduction

On 1 June 1974 a vapor cloud explosion destroyed the Nypro cyclohexane oxidation plant at
Flixborough, killing 28 people. Other plants on the site were seriously damaged or destroved
and the site prescnted a scene of utter devastation. Twenty years later it is timely to look back
and see whether or not we learnt the lessons spelt out in the official report! and other

publications2, and if we still remember them.

About half the people who now work in the chemical industry were at school or university
when the explosion occwrred. They did not experience the shock, the public reaction and the
soul-searching thal went on at the time and may not know what happened, so here is a brief

SUmmary.

The plant was a stage in the production of Nylon. It manufactured a mixture of
cyclohexanone and cyclohexanol (known as KA, or ketone/alcohol mixture) by oxidising
eyclohexane, a hydrocarbon similar to petrol in its physical properties, with air in a series of
reactors. Ong of them developed a leak and had to be removed for repair and a temporary pipe
was constructed to replace it There was no professional mechanical engineer on site at the
tlime as the works engineer had left and his replacement had not arrived. The men who were
asked to design and install the temporary pipe had great practical expenence and drive; they
had the plant back on line in a few days. However, they did not realize that designing large
pipes (20 inch bore) to operate at high temperature (150°C) and pressure (10 bar) was a job
for experts. Their only drawing was a full-size sketch in chalk on the workshop floor; the only
support was scaffolding on which the pipe resied. We cannot blame them as they were asked
to do a job beyond their professional capabilities and they did not know it was beyond them.

2 The need to control modifications

The explosion showed that we need systems for the control of modifications, including
temporary ones. No change should be made o a plant or process until suitably qualified
people have examined it systematically, looking for unforeseen consequences and checking
that it has been designed to the original standard. Since then many, perhaps most, companies
have sct up formal procedures for the control of medifications but nevertheless many
incidents still occur because there is no procedures, or it is not followed or it is followed in 2
perfunctory way . Every fresh intake of employees has to be trained in the need for these
procedures and old hands need to be reminded from time to time. Instructions alone are not
enough. The Institution of Chemical Engineers has recently updated its training package,
developed soon after Flixborough, on the control of modifications”,

hetp iweww dysdens. camy/papers/Mixbara him

3200 120 P



lof2

Ibtpsifww rinineonsultants. combmesshar hom

BREEZE™ HAZ

BREEZE HAZ models analyze emissions from accidental liquid, gaseous,
and densz gas releases. These models make it easier to model toxic gas
releases for the preparation of emergency response plans, meeting toxic
release analysis requirements, determining human exposure risks, and
performing probabilistic risk analysis. The BREEZE HAZ products are:

ADVISOR - This valuable utility is an interactive version of EPA's
guidance for off-site consequence analyses,

EXPERT - This powerful software performs the initial source term analysis
required to determine the source parameters for an accidental release
modeling analysis, and recommends the appropriate dispersion model.

AFTOX - This Windows-based puff'plume dispersion model predicts
concentrations from continuous and instantaneous, liquid and gas, surface
and elevated releases ol toxic chemicals from point or area sources.

DEGADIS+ - This chemical-specific model predicts dispersion from
instantanzous, steady-state, and transient releases of LNG, LPG, ammonia,
chlorine, hydrogen fluoride and other dense gases.

INPUFF - This EPA multiple pufl model analyzes non-continuous toxic gas
releases ocourring at up to 144 user-selected time steps or the more typical
continuous plume from a stack.

HOT SPILLS - This model first calculates the products of combustion and
heat balance from buming chemical releases. It then predicts downward
dispersion and ground-level concentrations of the resulting chemical
products at preprogrammed and'or user-specified downwind distances.

BREEZE HAZ SUITE - A scamlessly integrated product that includes the
BREEZE HAZ EXPERT, for performing the source term analyses and the
DEGADIS and AFTOX dispersion models for analyzing a wide range of
accidental releases.

LFGRISK - This is a Microsoft Windows based software package
consisting of a suite of hazard prediction models for accidental releases of
Liquefied Fuel or Flammable Gases (LNG and LPG), It predicts hazard
zones surrounding confined pool fires, unconfined pool fires, and jet flames.
The soflware is used to determine the rate of vapor cloud generation for use

with DEGADIS+ and SLAB.
XPLOSION - A Microsoft DOS application for predicting hazard zones

from Unconfined Vapor Cloud Explosions (UVCEs) and from Boiling
Liguid Vapor Explesions (BLEVEs) from cylindrical and spherical vessels.

AROE 10:37 P
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Estimating Emission Rates from Haz Mat
Releases

Here's a few ways (o quickly estimate the emission rates and ambient

by Ajay Kumar

Under Section 112(r) of the Clean Air Act Amendments of 199, the
11.8. Environmental Protection Agency (EPA) has developed
requirements for owners and operators of facilities regulated for
hazardous substances to implement accidental release prevention
programs to include release prevention, emergency planning and risk
management plan registration.

To plan for an accidental release prevention program, plant owners
and operators should assess the severity of any accidentz] release of
harardouns liguids or gases at their facilities. In addition, plant
personnel working with hazardous materials also should be educated
regarding the severity of any accident involving the release of
harardous materials, Once the accidental relcase has occarred, some
simplified equations can be used to quickly estimate emission rates
and ambient concentrations of hazardous materials in the vicinity of
accidental releases.

The following are three instances that illustrate the use of the
estimation formulas.

Case one

Accidental release of low volatile Bquid from a tank onto the ground -
For spills of liguids which do not boil at ambient temperature, the
liquid evaporation rate can be calculated using the following formula:

Q= 5.10 x 10°® U0.78 PvMw0.67 Ap0.94 (1)
Case two

Accidental release of highly volatile Eguid from a fank onto the ground
— Evaporation rate from a small accidental release of highly volatile
liguids can be assumed to be instantaneous. If the leak is significant

and not small, a pool of the boiling liquid will form. In either case, the

evaporation rate of the spilled liquid can be assumed to be equal to the
liguid release rate. Liguid release rate from a tank can be estimated

1af6 JESR 10040 PM
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ESTIMATING THE POPULATION CHARACTERISTICS OF
AREAS AFFECTED BY HAZARDOUS MATERIALS
ACCIDENTS

Jayajit Chakraborty
and

Marc P. Armstrong
Department of Geography
The University of lowa
316 Jessup Hall

fowa City, I4 52242
319/333-0153
3IW335-2725 (fax)

ABSTRACT

In this paper we develop an approach to determine the demographic composition of a population likely
to be affected by the release of toxic substances resulting from vehicle accidents. In this approach a
dispersion model provides a toxic dispersal "footprint”, given local weather conditions and the type of
chemical released. This footprint is overlaid on a demographic database to determine the composition of
the affected population. The system was implemented for the city of Des Moines, lowa. We obtained the
locations of the 50 intersections that had experienced the highest frequency of truck accidents from 1990
o 1992, At each of these locations we generated a plume fooiprint based on the release of chlorine, a
commonly transported toxic material in Des Moines, and a set of specific weather conditions. Using GIS
software, we calculated the racial and economic characteristics of the population in each plume. We also
genecrated similar plumes at 50 random locations in the city and made similar measures. The areas most
likely to experience exposure to hazardous materials were those with a higher concentration of minorities
and low-income households, as compared to the city as a whole.

INTRODUCTION

Each year more than 1.5 million tons of hazardous materials are transported across UL.S. highways,
railroads, waterways, and air routes (Office ﬂfTﬂ:hﬂﬂlﬂglﬁl Assessment, 1986). As a result of increased
public awareness about the dangers involved in transporting these hazardous materials, regulatory
policies and legislation ar¢ being introduced with the aim of reducing the risks from hazardous
shipments. Previous policies in this area have tended to focus on specific materials and types of
shipments (e.g. the movement of radivactive materials), but with the passage of the Hazardous Materials
Transportation Uniform Safety Act of 1990, this attention has been expanded to encompass a major
segment of the transportation industry {Abkowitz and Lepofsky, 1993). As transportation hazard analysis
and incident management operations are now recognized as important components of contemporary
transportation operations and regulations, there is a growing need to develop conceptual frameworks and
methods that can be used to assist decision-makers and emergency personnel in dealing with these
problems. The purpose of this paper is to demonstrate how GIS technology can be used to estimate the
impact of accidents involving hazardous materials on the surrounding population. The approach can be
used to determine the number of people likely to be affected and the composition of the population at
risk.

lofl2 JRUE 1046 I'M
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Integrating Atmospheric Dispersion Modeling with ARC/INFO:

A Case Study of the Regional Atmospheric Response Center, Denver
Colorado

Reed Hodgin, John Ciolek, David J. Buckley, David Bouwman

Abstract

Recent developments In the sophistication of GIS application programming interfaces (AP)
combined with advances in the science of atmosphenc dispersion modeling, communications,
and computer hardware have provided the platform for development of an atmeospheric
modeling system for emergency response. The Regional Atmospheric Response Center
{Denver, Colorado) has developed an advanced system for predicting the path and impacts
from toxic chemical emergencies. The Computar Assisted Protective Action Recommeandations
System (CAPARS) reflects the latest in integration between GIS, inter-application
communication, and atmospheric dispersion modeling.

The Terrain Responsive Atmospheric Code (TRALC) model provides plume and heaith impact
predictions within CAPARS. The TRAC model simulates realistic plume paths for releases and
spills in the most complex terrain. In particular, CAPARS and TRAC are operational in one of
the world's most demanding erwironments: emergency response at the U.S. Depariment of
Energy's Rocky Flats Research Facility, a former nuclear weapons and plutonium
manufacturing plant in the mountainous terrain of Colorado.

The integration of sophisticated atmospheric dispersion modeling, TRAC, with GIS technology
is a major innovation within CAPARS. Utilizing ARC/INFO as the foundation for spatial data
management, CAPARS affords timely and accurate predictions and recommendations to

emergency scenarios.

This paper summarizes the integration of sophisticated atmospheric modeling technology with
a Geographic Information System (GIS), namely ARC/INFO, to conduct rapid response
assessments of health impacts following hazardous materials emergencies. Tha Regional
Atmospheric Response Center is infroduced. An upgraded almoespheric medeling system used
at the Cenler, termed the Computer-Assisted Protective Action Recommendation System, is
discussed. This paper reviews the design and implementation of CAPARS with a particular
reference to issues of GIS application development and functional capabilities.

1.0 The Regional Atmospheric Response Center

Meeting the challenges of planning, compliance, and emergency response to accidental
airborne releases of hazardous materials is difficult and expensive, but they must be met for
the protection of our workers, the public, the community, and the businesses that are essential
to our economic strength. The answer lies in the recognition that the challenges discussed
above are shared throughout the community. It is not necessary that each organization attack
these problems alone, as is now the casa. In fact, this is inefficiant, wasting scarce resources
and funds. The best solution is a common effort to address a common problem. ..
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working Group on Community Right-to—HEnow
218 D Screet, SE

Washingten, DC 20003

Phone: (202) E44-9586

Fax: [202) H4E-2481

E=-mail: orum@rtk.net

Faul Drum, Editor

Changes Modify Right-to-Know

The U.5. Envircnmental Protection Agency [EPA} has completed two
major changes to tha Toxics Ralsase Tnventory (TRI), sur right=
to—know law for toxic chemicaml wastes from industrial facilities.

First, after years of advocacy by public interest groups, EPA has
added 286 substancesz to the llst of right-to-know chemicals,
bringing the total TRL List to 654.1 These additions are a major
expansion, one of several siteps suppocrted by EPA Adminlstrator
Carol Browner.

Bacond, EPR reduced raporting recquirements for Ffacilitias that
produce less than 500 pounds of a TRI waste.2 Indastrzy groups
had pushed hard for a special exemptlion for "small" TRI releasas
{up to 5,000 pounds!), Howewer, after receiving widespread
objections from public interest groups, EPA adopted an approach
that keeps most informatien in the right-to-know data base and

avolds creating a new "recycling™ loophols.

More chemicals
Last January, EPA proposed to add over 300 chemicals to TRI,
including many pesticides, after reviewing subatances regulated
as toxic under other envircmmental laws and programs. The
agency's final rule, announced Hovember 30, added 286 chemicals
toe TH1, but deferred action on about 40 others. EPA indicated
that Sts next actlon to expand the TRI list would address bath
these remaining chenicales and persistent bicaccumulative
substances, such as disxin, that fall balaw current reporting
threashalds.

Ligating 286 chemicals partially completes EPFA's "phase I"
expansion of the TRI program. The agency continuss work on two
additional TRI expansion efforts: “phase 11" will add many
currently exempt non-manufacturing industries to the progran [a
propoaal 1s expected during 1%95), and "phase III" will explore
ways to require reporting on chemical use and worker sxposura.

Alternate threshold
Facilities that generste less than 300 pounds of waste (prior to
recycling, treatment, or disposal] will no longer fila full TRI
reports under a new alternate threshold.* 500 pounds is roughly
squivalent to a 53 gallon drum of toxic waate. Companies that
usae the alternate thresheld wen't have to tell where these wastes
go. Instead these conpanies will file a simple annual
certification {entered intc the TRI database}), and keep records

documenting the exeaption.

The alternate certification arfectsa about 20,000 reports (Lrom
some 10,000 facilitlies) out of over 80,000 total reports fliled.

AR 1127 PM
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Effective modeling for
RMP hazard assessment

By Buzz Harris and Jennifer Baker

2 sl The Risk Management Program (RMP) rule was signed by EPA
Administrator Carol Browner on May 24, 1996, By the compliance
date of June 21, 1999, facilitics subject o the RMP rule must

- | perform a hazard assessment, implement both a prevention program
| and an emergency response program, and prepare and submit & risk

\_ management (RM) plan.
Conducting a hazard assessment will require companies to perform
A “H"“::'“" release modeling as part of their RM plan, With the impending RM
m"’m “:'h' plan, companies will want to release to the poblic estimates that
concentration of an represent, realistically and accurately, minimal impacts for
airborne chloring worst-case scenario and alternative release scenarios. But deciding
plume, overlaid on a which model is appropriate is not a simple choice. As stalistician
map showing George Box has stated, "All models are wrong, but some are
population dessitiss. useful.”

The predicted impact distance from each model varies with the
chemical, release scenano, concentration of interest, and/or distance
from the release point. No single model exists that will consistently
give the lowest or best results for all scenarios that a facility will
have to model

Many types of software are available for modeling release scenarios.
EPA has provided "lockup ables” in the Offsite Consequences
Analysis Guidance document. The lookup tables have been prepared
by running public domain computer models for thousands of generic
release scenarios. Public domain computer models (such as
CAMEOYALOHA, ARCHIE, SLAB, etc.) can also be used, but they
generally offer little advantage over the lockup tables, since EPA
developed their tables using the (public domain) computer models.

A wide range of sophisticated commercial computer models is also
available that can usually provide a more accurate, refined estimate
of impacts than is possible from the lookup tables or the public
domain models. In general, the refined models offer more benefits in
modeling the alternative release scenarios. This is because EPA has
so narrowly defined the allowable modeling parameters for the
worst-case scenarios-in effect negating much of the flexibility of the
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Show Paper

Accidental Release Analysis for Chlorine Gas: A
Comparison of CAMEO, HGSYSTEM and
JET/DEGADIS

Harry K. Bishop and Lawrence B. Gratt
IWG Corp., 2241 Kettner Blvd., Suite 220, San Diego, CA 92101

David McKinley
The NutraSweet Kelco Company, 2145 East Belt Street, San Diego, CA 92113

Abstract

Environmental regulation, such as the Clean Air Act Amendments of 1990, now require the preparation
of risk management plans (RMP) for facilities that handle hazardous materials such as chlorine. Air
dispersion models have been developed to predict the probable impact of an accidental release of such
materials. For a specific release, the concentrations to reach various reference levels calculated by each
model may vary. Guidance as to which model to use and the differences between models for specific
chemicals and scenarios is lacking. This paper will present the results for three different models for high,
moderate and low chlorine release rates for an actual facility on the coastline of San Diego, California.

The CAMEQVALOHA, JET/DEGADIS and HGSYSTEM air dispersion models were used to predict
downwind ranges to the [HDL chlorine concentration (10 ppm) for all scenarios. The calculation of
plume concentrations at low release rates is frequently limited. CAMEOVALOHA and JET/DEGADIS
use much the same calculations and predict similar concentrations following a release. All three models,
particularly CAMEQ/ALOHA and JET/DEGADIS, exhibit difficulty in predicting the consequence of a
low level release, The minimum release rate that can be effectively analyzed by the CAMEQVALHOA

and DEGADIS models is approximately 1 gfs.

Lower concentrations are predicted by the CAMEO/ALOHA model. Concentrations predicted by the
HGSYSTEM models were found to be two to three times greater than those predicted by the
CAMEOVALOHA and JET/DEGADIS models. Further research is needed to establish the cause of these

differences.
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* JOB OPPORTUNITIES
* RTK NET SPONSORS

* SUPPORTING SITES

Welcome to RTK NET, a network providing fiee access 1o numerous
databases, text files, and conferences on the environment, housing, and
sustainable development. With the information available on RTK NET,
you can identify specific factories and their environmental effects; analyze
reinvestment by banks in their communities; and assess people and
communities affected.

There are no fees; RTK NET is free. It was established in order to
empower citizen invelvement in community and government
decision-making. You can access RTK NET via the web, bbs, or telnet.
RTK NET offers the following:

* Databases: We provide access to govemment databases and we let
you search them for free. We have many databases on the
environment and housing. We are continuously adding and updating
our databases. See the "What's New” section for updates.

» Technical Support: We provide a user manual and other materials
that help vou access and search the databases (online access to these
materials are available under help and documents). In addition, you
are welcome to call us if vou have problems accessing or searching
the datahases.

* Trainings: RTK NET staff conduct trainings around the country at
a variety of venues. Through our trainings, users leam how o
access and understand the data. We encourage you to browse
through our schedule o see when a training is scheduled near you.

RTK NET was started in 1989 in support of the Emergency Planning
and Community Right to Know Act (FPCRA), which mandated puhlic
access to the Toxic Release Inventory. It is operated by two nonprofit
organizations--OMB Watch and The Unison Institute--and funded by
various govemment agencies and foundations.
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Facility: FIOHEER CHLOR ALEALIL Baporting Yaear: 19%1
Rddreas: 8000 LAEE MEAD BLVD.

City: HENDERSOH Btata: N¥  Eip: £2015
Ceunty: CLARK Dun § Bradatreat #; O06=308<1500
Fhooe: [(TOR2) S65-8781 SIC{al1 2812 2815 28&9

nmar: CLIFFORD H. BARR Himber of employess: 170

Fl’i‘l.lrﬁl' Product: CHLORINE, S0ODIOM MIDE, HYDRCCHLORIC ACTD
Pelesze : EO00) LAKE MEARD BLVD.
City: HENDEREDN State: WV Zip: BMIS
County: CLARK Fhone: [T02) S65-B781
Reloase start dace: 05/06/15%1 Time: 01:10
Releoase end date ¢ O5006/19%1 Time: 97:30

Chemical Namp: CHLORIHNE CAS Mazbar: THEZI0S

Comcentration [(%h: 100% Fhysical State: GAS

Rl 84, 000.00 Surface Watez: 0.00 (1ks)

Land 1 0.00 Treatment Facility: 0.00 (lbs}
Taotal: g4, 000.00 (lbs]

Responders Employees Contractors Public Total

Injuzies £ o 1 L1 759 60
Hespitalized: o G a 1% 15
Doaths £ o a Li] a Q
Evacuated i 16 i 178 383
Shglbar=1n=place: V] a 770

TT0
Facility Coat: £2,425,000 Public Cost: 21,125,000 Total Cosk: $2,4325,000

D S S NP P D O O R N D O N O N O D D e 0 e e e

Aathorities notified-

Mame Daty Time Contact Name
N¥ EERC 050671951

CLARE ©0. ACH 05061991 06:00 LORI RMDERSOM
Miscellaneous—

EBNE ID: 913837 HRC ID: TOPNE  REIP IB: 3%03

Latitude: 36:02 Lomgltade: 115:00
Balamse cauvsed by: B [(A=Eguipment Falluze, l-ﬂﬂllit.-ﬂl? Error)
Location of loss of contairment: PIFIRG: EL
EFR Region: 09 ERNS Report Date: 0570671991 Time: 10:371
Whain raleass ocooured-
DURING ROUTINE OPERATION
jtarus of process lina—
OTHER (FLEASE DESCRIRE]
How release was discoversd-
CHEMICAL SPECIFIC DETECTOR, ALARRM
Immediate activities in response to relaase-
PLANT /FROCESS SHUTCONR
Causasia]l of peleasn=
OTHER [(PLERSE DESCRIBE)
Ead affeccial of Eelease-
VRAPOR RELERSE
Enviconsantal sffect(s]-
VEGETATION DAEAGE
Methods of communication with public-
LOOR-TO-DOOR BOTIFICATION
RADID
TELEVISION
TELEPHONE
'I'n'.lil:lil:l.g’. {rl!u:l:ﬂd‘u.‘!hﬂ. and managesant gasd bafore this Eolenns-
PREVENTIVE HAINTEHAHCE/INSFECTIONS
ACCIDENT INVESTIGATIONS
AODITS
IRVENTORY /CAPACITY BEDOCTIONS
EHFLOYEE SAFETY TRAIKIHG
STANDARD OFPEFATIRG PROCEDURES
EHERGERCY REIPOHIE TRAINIRG
Hew I.I.'.Ij.l:linl]q pmﬁﬂ. and managensnt used after this seleama=
PEEVENTIVE MAINTENANCE fIKSPECTIONS
ADDITS
IHVENTORY FCAPRCITY BEDDRCTIONS
EMPLOYEE SAFETY TRAINIRG
Engineering aystems or controls used before this relesne-
CONTRILE FOR OFERATIONS MONITORING AND WMRRANING
BOME

Mew snginssring syatema or controls vaed after this release=
MONITORING EQUIPMENT: INSPECTION/PREFAIR/REPLACEMENT THITALL
EOUTPMENT: OPGRADE/REFINE/EEPAIR/EEPLACEMENT/THETALL
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The Corporation of The District of North Vancouver
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Ml
155 West Queans Road g Sapminri
Mﬂ:ﬂmw. BC Maorth Vancowear, BC
VIN VTL 4K1
Planning & Development Services Telephane: 604-390-2387 _Fax: 604-384-8664
FAX TRANSMISSION RECORD
Operatar ,-' : Date
SEND:
T:
FAX &:
ATTENTION: —
MESSAGE:
REPLY:
Digtrict of Narth Vancouver Telephone: 040002
Flanning Department Fax: 604-984-D504
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SUMMARY OF QUESTIONS & ANSWERS
RECE1VE
October 30, 1997
DEC 12 1997
Info tion Meeh the QRA Funiniwsvs wsell,
rmation Meeting on the O mﬁlﬁfﬁﬂ.
North Vancouver Plant

The tollowing is a list / summary of the questions and answers presented at an
information meelting held at the North Vancouver plant of CXY Chemicals on
October 30, 1997. Only those questions related to the QRA or plant operations
are included. Other questions, such as those relating to plant operations, will
be answered directly by the District.

Questions from Angela Trudeau
Q.1 Wind Direction

I have recently spoken with bwo recreational sailors familiar with the area who
state that the wind direction in this section of the narrows has hwo specific and
different patterns, depending on the time of year and weather conditions.
Also, that the wind patterns at the section of the site near the plant are
different from that at the GVRD station, due to topography and second

narrows wind-mixing dynarnies.

Obwviously, this is colloquial information. Does the available wind data rule
this out or indicate that this could be an area for investigation? If so, would
the plume modelling require redefinition (as a worst case] unhl such time as
adequate site-specific data is compiled?

A.1 The risk analysis included the review of date from both the bridge
station and a meteorological station on site. The two scts of data were very
similar, and the data set for the bridge was used as it was slightly more
conservative for the area ol particular concern to the north of the site. (The
bridge data set showed a slightly higher chance that the wind would blow
onshore). Many risk analysis musl rely on data for a general area and do not
have the advantage of two different weather stations in close proximity.

The risk analysis is not based on just one weather pattern. It uses data
collected over a |long period of ime which means that a range of weather
patterns will be included - from the dominant ones mentioned by the
recreational sailors to those that only occur a very small percentage of the
time.

2.2 Planning Issues. Are you able to make recommendations to the
following questions?

While the risk assessment does not consider other conditions in the |||:¢L§{
WAk L
(1 =7_—=1\\
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community such as bridge and road access conditions, emergency response
planning and response capability, should they be considered by the
municipality in land-use planning?

Do you have any additional recommendations to make to the municipality
- other operations which may require risk assessment
- emergency response planning
- land use planning

MIACC does not define the recommended land uses rre:'iueiy. Given what
you know about the risks and the area, what additional limitations would you
place on the land use designations within the MIACC definitions, ie.

- number of employees in industrial, commercial operations

- any specific operations to be avoided

- "low density” residential definition?

A.2 The risk analysis has taken no credit for community emergency
response planning or various mitigation strategies (such as sheltering in
rja:‘e}. If such factors were to be considered, they would reduce the risk

vels from those depicted in the ranrt. The municipality might want to
consider such factors in its land use planning.

Trying to fill in the detail in MIACC's land use guidelines is subjective, but a
comparison with guidelines established in the United K!.néghdum the Health
and Safety Executive (HSE) suggests that workplaces might be thought of as
those containing less than 100 employees. They view the presence of small
industrial developments, offices and warehouses near a facility as being
reasonable. It would not make sense to add facilities with sensitive or
immobile populations in the immediate vicinity of the plant. In terms of what
"low density” residential means, little guidance is available. However, the
HSE is currently leaning toward allowing small housing developments in
some of the areas that commercial/industrial activities are allowed.
Unfortunately, they do not define what they mean by small housing
developments.

For the area to the west of the plant, it would be beneficial to ensure that they
work closely with the plant in terms of training staff on emergency response
and sheltering in place. could also participate in some of the drills that
the plant conducts. There should be an established communication plan for
immediate notification by the plant in the event of a release, but this plan
should not interferc mrz; communications from the plant to the regional

EeMEergency response centre.
Questions from David Sadler

Q.1 I understand the MIACC guidelines consider multi-family
condominiums as low density, while here in the District we regard such
developments as medium density. You touched upon this fact when
discussing the new proposed condo development at 1984, 1988 & 2012

p3/0B/88 MON 13:20 [TE/RX NO BAOA)
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Dollarton Highway. Please supply the range of population density figures
for what the MIACC gu.idelinesl::lp tor low, medium, high etc. #

Al believe this has been answered in the response to Angela Trudeau.

Q.2 Seymour's 25,000 residents have only two roads in and out of the area
(Dollarton and the Mount Seymour Parkway) and could be potentially
trapped in the event of a major accident. Elsewhere, the residents
surrounding a plant could pmbnhlljr escape in any number of directions. Has
the Risk Assessment incorporated this factor into their calculations.

A.2 The Risk Assessment assumes no credit for evacuation or sheltering in
place. The answer therefore is yes, this Assessment did account for this.

(2.3 Please identify other chlorine plants in North America which are
located within city limits as [ would like to contact them. 1 attempted to
obtain this information from the Chlorine Institute in Washington. However,
as I was not a member there is a charge. This information should be readily
available to CanOxy since they are a member.

2.3 Pamphlet has been ordered.

2.4 What is the time frame in hours (minimum to maximum) that the
public would be in danger from a major chlorine release?

A4 In the event of a major release (worst case scenario) people would be
exposed for less than 1 hour and should shelter in place for that period of
lime.

Q.5 How polluted is the CanOxy site? What are the major contaminants?
When the p closes, could residential housing be permitted on the site
because of the pollution?

A.3 There is asbestos land filled on the plant site - this is a licensed waste
site. Prior to 1974, chlorinated tars were buried in the same area but the
precise location is not known.

Questions from Corrie Kost

Q.1 Since insufficient details were provided in any of the available
documents in order for me to feel comfortable that the various chlorine
release impacts have been done properly, I have requested that pamphlet 74
be made available. This pamphlet, estimating the area affected by a chlorine
release provides colour graphs showing downstream chorine plots at 25 and
10 parts per million (ppm) for 14 different scenarios. This would enable me to
cross-check the validity and conclusions of the models which were reviewed
in the report of July 4/97. I was informed that pamphlet 74 {currently in
revision) would be sent to me in about 1 month. I trust | will be given the

p3/08/88 MON 13:20 [TX/RR N0 RROD]
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:lfp riate time so that I can put forth an informed decision on the matter of
e validity of the quoted risk assessment.

A.l1 Pamphlet has been ordered.

(.2 In conjunction with the above 1 should like to submit for the record
{and have it verified by the appropriate experts in this field) the calculations
submitted below. The question as to what was the maximum that could be
covered by 300 tonnes of vapourized chlorine (say to a height of 3 meters
above ground level) at the lethal dosage of 1000 ppm is one worthy of
consideration. I have calculated this to be about 30 km 2. The calculation was
done as follows:

300 tons-3" 10 -8 gms

1 mole of Cl-2 {ie.~70 gms) occupies 22.4 litres in a state at STP

300 tons thus occupies a volume of 22.4%3*10-8/70 litres

Diluted in volume to 1000 ppm would n;g:nd this by 1000 and since 1m3=1000 litres the two
factors cancel nicely to give a volume of 22.4%3°10-8/ 70m3

Dividing by the height of 3 metres gives an area of 22.4*10-8/ 70m2 ie. 32"10-6 ie. 32kml

MNow one can readily generate the following areas for different densities (ppm)

Parts per Million Height (meters) Aren (km2)
1000 3 32
1000 10 96
1000 30 32
300 3 107
300 10 2
300 30 10.7
100 10 %
100 100 9.6
10 10 %650
10 100 9%

It would be informative to know the mortality rates/times for these proportions (ppm) as
well.

A2 Mr. Kost's cstimate of plume extents assumes that the material is
uniformly mixed within an osed, predefined volume and that no material
leaves the cloud. The dispersion models used in this assessment attempt to
model turbulent diffusion under specified atmospheric conditions which
results in a distribution of concentrations over the area affected by the plume.
This distribution is typically characterized by higher concentrations at the

o3/00/58 MON 13:20 [T RE NO EBOE]
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plume centreline and closer to the source of the release, and with
concentration dropping off as one moves off centreline and away from the
source. Some of the factors the model attempts to account for are as follows:

. The effects of turbulence generated by the interaction of the wind
with obstructions on the surface

. The effects of increased turbulence generated by daytime heating
of the ground and the suppression of turbulence resulting from

nighttime cooling of the ground

. The enhanced mixing clouded by gravity spreading of a dense
gas cloud

. The reduced dispersion that results when the cloud is heavier
than the ambient air.

The dispersion model SLAB was used to estimate the maximum area within
which the concentration will meet or exceed 1000 ppm over the duration of
the release taking into account the factors listed above. The release
considered was a 289 tonne release from the 300 tonne storage tank. This is a
conservative scenario as normal operation does not permit the storage tank to
contain that mass. In addition, all of the mass was assumed to go into the
plume rather than forming a pool at the release site which increases the cloud
area extents. Under poor dispersion conditions (stable atmosphere low wind
speed) the cloud area was estimated as approximately 4.5 km.

The table below provides an estimate of the exposure times required to
provide a given lethality probability for a specified concentration level.

Concentration Time to a given lethality probability
(FPM)
50% lethality 10% lethality fng oly-
1000 2 sssofids L 1 s?«ra/ P fosed oj_
300 20 minutes 5 minutes " Dz T,
100 190 minutes 46 minutes Soouss § Quugti,
10 312 hours 70 hours

The above results are based on the implementation of the probit equation which reflects the
dose response relationship of humans to chlorine gas. As noted earlier, very few releases will
pose exposure times of 1 hour; most will be of much shorler duration than this.

2.3 In attempting to understand the factor of 10 reduction in the risk
assessmen! from the previous report | have come to the conclusion that since
the earthquake risk multiplied by the volume of chlorine stored on site form
by far the major risk components, and that since the earthquake risk remains
unchanged, and the volume has been reduced by a factor of only 5, [ am

03/09/88 MON 13:20 [TX/RI NO E2808]
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unable to understand where the additional factor of two (to account for the 10)
came from. Could I have a simple explanation for this please.

A3 Some factors other than storage volume that could result in reduced
individual risk contours when comparing the 1994 and 1997 assessments can
be summarized as follows:

L Release was not assumed to be contained by a dyke in the 1994
report. An unconfined release results in higher consequences
and risk.

. In the 1997 report the release physics were modified to reflect
Chlorine Institute experiments. modifications result in a
reduced initial fraction of chlorine going into a cloud which
reduces the consequence and risk.

. The plant operation of the large storage tank was defined more
carefully in the 1997 report in order to refine estimates of the
fraction of time that the tank was in a certain fill condition. This

impacts the susceptibility of the tank to earthquake e, The
300 tonne tank also has a lower earthquake risk than the tonne
one.

Letters from Cas Bohlken
October 23 Letter

Q.1 In the 1994 QRA, the “Maximum Downwind Extent of 1% Probability of
Death” at wind s of 2 meters/sec. is about 6 km. (figure 6.4). In the 1997
updated report the distance is about the same at this wind speed. However,
the 1994 report shows a down wind range of about 8 km at a wind speed of
1m/sec., and the 1994 report shows a range of over 14 km for a wind speed of
1.5 m/s. For comparison purposes what would the 1997 “Maximum
Downwind Extent of 1% Probability of Death” be with a 1 m/s wind and why
such a large difference between the 199 and 1997 reports?

A.1 Figure 6.4 (1994 QRA) shows the results for a confined release (dyke
integrity maintained) under D stability 2 m/s wind speed and E stability 1
m/s wind speed. The 1997 QRA shows unconfined and confined results
under C stability 2m /s wind speed and F stability 1.5 m/s wind speed. Both
stability and wind s influence the the downwind distance. In addition to
depicting the model results under different weather conditions in the figures
resented in the 1994 and 1997 QRAs different storage conditions have also
n addressed. Due to the different weather, confinement and storage
conditions, care must be taken in comparing results.

The table below summarizes a comparison of results from the 1994 and 1997
(QRAs for dispersion over sea of a large storage tank release.

03/00/88 MOXN 13:20 [TX/RX MO s8048)
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Downwind distance to 1% lethality (ko)

Stability wind speed 1904 1957
mjs
confined uneonfined confined
{Full}
289 tonnes 225 tonnes 225 tonnes 2589 tonnes
c Z 34 4.8 7.4
i 2 6.2 4.3 6.1 8.2
E 1 8.0 55 8.0 123
F 1.5 76 1.1 16.6

It can be seen from the table that the 1994 and 1997 unconfined resulls are very

similar due to similar relcase and storage conditions. The capacity release has

very different storage conditions which result in the entire mass of chlorine

forming a dense vapour/mist cloud (ie. no rain out and no pool formation).

As can be seen from the table the mﬁumm resulting from this release are
an

significantly higher than previously yzed.

The tank is not rated at a capacity greater than 225 tonnes. Routine
conditions limit the storage volume to 225 tonnes, and it is often run at
volumes considerably lower than this.

2.2 The 1997 Updated Report did not include the “Worst Case Probabality
of Death Con for 1 m/s winds (see 1994 QRA, Figure 6.6). Other wind
directions should also be included eg. west, south-west, south and south-east.

A2 In the 1997 report the intent was not to show worst-case probability of
lethality contours but rather to present a selected release under selected
weather conditions as an example of the extents of tl‘lmubabﬂity of lethality
contours given a release occurs. Wind direction information is handled
implicitly in the derivation of risk contours and is considered in the
resentation of consequence contours only to show the difference resulti
m land and sea dispersions. Normally the contours are independent
wind direction but in this specific case dispersion varies because of the
different surfaces the wind flows over as it approached the source.

Q.3 Since the prevailing winds at the CXY plant are easterly, it seems that
even a relative minor spill at the plant would affect traffic at the Second
narrows bridge and connecting highways. Driving into a minor cloud at
speeds over 80 km/h could temporarily blind drivers which would create a
traffic nightmare. Has this scenario been considered in the Risk Assessment
calculations?

A3 The consequences of an individual release are more the domain of an

emergency response plan rather than a QRA which combines uency and
consequence information. For illustration purposes, a r:;:gvel]r high
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trequency release scenario (hose break release scenario 7a in the 1997 QRA)
was examined in the context of a nuisance release to determine what the
impact might be on visibility on the Second Narrows bridge. A chlorine
plume can be seen at a concentration of about 20 ppm. Figure 1 (attached )
shows the extent of the 20 ppm contour as a result of a chlorine release from a
hose break for several selected weather conditions.

It can be seen from Fi 1 that the extent of the 20 ppm contour reaches a
maximum elevation of approximately 20 m at a downwind distance of about
200 m for the conditions of C stability/ 2 m/s wind s . The maximum
extent of the 20 ppm contour at ground level is about m as shown.

Given that the Second Narrows Bridge is zﬁmﬂmh&l}r 800 m from the plant,
the impact on the bridge in terms of reduced visibility should be minimal.

2.4  What are the suggested population densities in the MIACC guidelines
for the 10-5 to 10-6 risk zone (commerdal, offices and low density residential)?

A4  The MIACC guidelines do not include population densities.

2.5 There was a lot of discussion at the September 23 pubic meeting
(afternoon session) of taking shelter at home during a chlorine spill.
A tly one has a good chance of surviving a chlorine release by staying
at home. This was confirmed I:hyedilferent experts present. [t was also
suggested that a large breach of 300 tonne storage tank would probably

v occur during a earthquake. It is also well wn that the home is
not a safe place to be after a large earthquake (gas leaks, falling beams, after
shocks et-::.{ A home without windows wouldn't provide much of a shelter
from the chlorine cloud anyway. Was the above considered when calculating
the Risk Assessment?

A.5 Yes, all of the risk calculations were performed mummf no one would
seek shelter or evacuate from the path of the plume. sheltering or
evacuation were considered the extent of the predicted risk contours would
be reduced.

Q6 Calculations on the “Estimated Consequences” of a chlorine spill
would be more useful than Risk Contours. Estimated casualties from chlorine
inhalation under different scenarios considering the populations residing in
the affected areas and the atmospheric conditions at the time, eg. large breach
of the 300 tonne storage tank, a 1 m/s south-west wind, large earthquake {most
homes would be damaged) the estimated casualties will be x. Repeat the
exercise for a large breach without damage to homes etc. ifferent
atmospheric conditions should also be considered eg. wind directions and
wind speed. It could also include a scenario projecting estimated population
in the effected areas in the area 2012 (in 15 years).

A6 The suggested approach, consideration of the chance that a certain
number of casualties occurs or the expectad number of casualties over a

g3 00788 MNON 13:20 [TE/RX NO 8808]
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Figare 1. The extents of the 20 ppm chlorize concentration contour resulting from a line
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certain timeframe, is part of the estimate of societal risk. Societal risk involves
the consideration of the chance that a certain number of causalities occurs or
the expected number of causalities over certain time frame results in an
estimate of the societal risk due to a facility. This was not the focus of this
assessment as societal risk is not commonly used for land use planning or
setback determination. Future population growth can be important in a
societal risk context.

Q.7 1If a chlorine sﬂl could be attributed to an act of God (eg. a large
earthquake) who will be held responsible to pay for damages, clean-up etc.?

A.7  Refer to the District solicitor.

Q.8 The Bovar report on Risk Assessment is impossible to evaluate without
some understanding of what risks were identified and also the estimated
frequency of occurrences and estimated consequences. Could these figures
be presented in a condensed format?

A.8 The frequencies and consequences of all the release scenarios are
presented in the 1997 PHA report. Additional data on consequence distances
15 provided in the responses to other questions raised by the public.

November 1 Letter

Q.1 The answer to my first question was vague and | am still puzzled w
there is such a hr% :lifzamm&n "Downwind bility of 'D:ati" mﬁmatg
Both 1994 and 1997 reports deal with capacity release of the 300 tonne tank.
The 1997 figure at 1.5 m/s wind speed is 14.7 km or B3% larger than the 1994
total of 8 km at 1 m/s. wind . The 1997 distance would even have been
larger if a 1 m/s wind speed had been used as in 1994, 1 would like to see this
graph redrawn comparing 2 m/s and 1 m/s wind speeds.

A.1  In the 1997 report all of the release material was assumed to go i

' to t
plume for the capacity release. This results in a more conservative E:thl:lateﬁ
the consequences, and as a result cannot be compared directly to the 1994
capacity re which assumed that some of the release would g0 to a pool.99

The table below summarizes a compari

: : parison of results from the 1994 and 1997
QRA for dispersion over sea of a large storage tank release
can be compared are shown in bold type. i » R

Downwind distance 1o 1% PD (km)

Stability wind speed 1994 1997
mfs
confined unconlined capacity
c 2 34
48 7

5 2 6.2 4.3 6.1 a2
« 1 8.0 55 8.0 o

L3 7.6 11.1 16.6
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In the 1994 report the capacity release was modelled as an unconfined release
and as such produces quite comparable results to the unconfined 1997 release
for similar meteorological conditions.

The table below shows a comparison of the extents of the 1% bility of
death contour for the capacity release over land, with 1997 modelling
assumptions under 1 and 2 m/s wind speed, F and F stability meteorological

conditions,
Stability Wind speed Downwind distance o 1%
Probability of lethality

mfs {km)

E 1 9.8

E 2 5.8

P 1 14.5

F 2 14.9

The table shows that the 2 m/s wind speed provides greater downwind
extents to the 1% pmbahi]jlieuf lethality contour. For the of a risk
assessment a decision must be made on how to discretize continuum that
exists in nature; to this end a selected set of meteorological conditions was
chosen based on the frequency of occurrence. For very stable conditions (F
stability) a wind speed of 1.5 m/s was chosen to represent the range of wind
speeds that may occur.

Q.2 My second question dealt with the “Worst Case Probability Contours”
for 1 m/s winds (see 1994 QRA, Figure 6.6). This graph was not re-issued in
ﬁI: 19?? report although there should have been some large differences (see 1
abowve).

A.2 The above table indicates that when considering downwind extents, the
worst case contours may not be for 1 m/s. The graph issued for the 1997
report was for a medium release of the storage tank under F stability and 1.5
m/s wind speed, and was presented as an example um&babﬂit}r of death
contours and was not intended to be a worst-case. ile in actuality an
absolute worst-case is difficult to obtain, the risk assessment has accounted for
the consequences of a wide range of probable and possible meteorological
conditions and release scenarios. The figure attached shows a represenatation
of cloud travel for a 225 tonne chlorine release under typical daytime weather
conditions. This scenario is estimated to occur once in 750,000 years.

Q.9 It also occurred too me after the meeting that using a cigar shape to
represent the plume might work over water or flat terrain, but since most of
the community north of the plant is located on a mountain slope the cloud
would be more like the shape of a mushroom with higher concentrations and
lateral spread at the base ot the mountain. This will add to the risk in those
areas eg. Maplewood and should have been considered in the model.
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A.9 Terrain effects are not ty?il:al.ly considered in a risk assessment and in
general, other than the case of narrow valleys that can contain a plume’s
spread, or direct plume impingement, terrain effects tend to enhance
turbulence which actually results in reduced concentrations. Wind tunnel

studies have shown that in the case of direct plume nt on a ridge,
the concentrations can r from 1.2 to 1.8 times as high as flat terrain

redictons within a very t distance (le. a fraction of the ridge height)
From the ridge base.

If all other factors are considered equal this could raise the individual risk to
receptors in a very localized region at the base of the ridge. As the predicted
risk at the base of the ridge is less than 1 chance in a million this increase
should not result in “intolerable” risks at the base of the ridge.
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Lack of diligence to prevent
spill costs MB $100,000 fine

Resulting cloud of toxic chlorine dioxide gas
narrowly missed residents near Powell River.

GORDON HAMILTOMN
and SEAN PERCY
YARDOUVER SUK
POWELL RIVER. — MacMil-
lan Bloedel has been fined
100000 in provincial court for
a huge chemical spill that came

dangerously close to ga
ents living ! living near the ma.m?
commnity.

In sentencing MB for the Oct.
17, 1994 chlorine dioxide spill,
]u#l: Fred Green said the com-
pany did not show due dili-

in trying to prevent the

t, the of its kind
British Columibia history,

The com an? was found

ity last lu on three charges:

nder the pmw.n-:ml Waste

mtnt Act and federal -
A..:L permitting waste -

th escape into the ocean and
to. the air and introducing a
leterions substanoe jnto

i It was acquitted on another

five similar charges relating to
the fact the spill cocurred over
two days. The judge ruled that
MB was attempting to clean up
the spill on the second day,

The sentencing hearing was
not held until this week.

The spill occurred when an
aging a pulp storage tank
a the company’s paper mill
barst, sending a shower of tim-

bers and ulp on to two chlo-
rine dioxide =t tanks con-
taining 600,000 litres of toxic
liquid,

Chilorine :l.mndt is used in
bleaching

Both mpnu:d and the

~themical escaped, flowing into

Malaspina Strait “and tummﬁ
into a gas cloud that drifte
morthwest of Powell River, nar
rowly missing the Indian 'n]hgc
of Sliammaon.

T years eaclier, MB had pe-
ceived a consultant’s report
stating that the iron bands holbd-

ing the pulp tank together were
corroded and needed replacing.

Dhicing the trial, MBs loayer
Ross Clark the compamy
understood that the repairs did
nnt need to be done for two

had mq.' ||i|:a
e e
tial result, it would |li.'|-‘-l: :.-l:u:d

Jn:mgl:r:!'urt. Clark said in an in-
tl:nrlz:w Tuesday, “But it was

"Mercifully, the extent of the
damaﬁdwaa ml.nnr. I:J.'EI:EIEE
Green i assessing
Had circumstances been differ-

;:Wemwhnehmm

_The prevailing winds the
accident carried the
rine dioxide cloud off the

‘coast, rather than onshore.

Green also said the company

| showed remorse and d
- make any money from the of-

mmmhmm

h-IBhu.md:ys al, bt
the company has na deci-
sion on an appeal yet, Clark

gald,

Crown counsel John Bark-
wiell, who sought a fine in :h¢
$250,000 to
it 15 “certainly owards ﬁ
:n-:i" of waste discharge ﬂnt.-.

but it is not the highest. In 1990
Cariboo Mulp and Paper was
fined 53275, for dise i
turpentine and white liguor
into the Fraser River.

MB has sincé spent $5 million
tor build new concrete pulp stor-
ape tanks away from the chio-
rine digwide tanks, Clark said.

The judge agreed with an MB
submiszion that most of the
money go toward eohancin
salmon stocks in the Powe
River arca, near where the spill
occurred.

Of the S100,000 MB was or-
dered to pay, 535,000 will go to

neral provinecial revenue,
while $27,500 will go to the
Powell River Salmon Socicety,
and $27,500 to the Sliammon
salmon hatchery. The local
Provincial Eme Program
gets $10.000 to upgrade search
and rescus equipment.
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Community Advisory Panels (CAPs) offer the chemical industry, emergency
responders, and community members living near these facilities the opportunity
to better understand the concerns, risks, and beneafits they share,

CXY Chemicals and Sterling Pulp Chemicals, with the North and West
Vancouver Emergency Program (representing the three North Shore
municipalities) initiated the formation of a CAP in December, 1995 to begin a
broader discussion of community and industry concerns in North Vancouver.

The enclesed CAP Report for periods September to June 1995/96 and 1996/97
documents the formation, activities and discussions of the CAP members as it
moves toward its objective of identifying and sharing information about the risks
and benefits of CXY and Sterling Pulp Chemicals. Discussions of the rezoning
of CXY Chemicals and the Dollarton realignment have been initiated in CAP
meetings, but are not included in the report due to the timing of the peer review
of CXY's quantitative risk assessment. We look forward to discussing future
CAP involvement in issues such as these.

We hope that this report sparks interest and debate that will result in a broader
understanding of safety issues associated with these two companies and the
need to prepare for emergencies in this area.

Please get in touch with us with your questions, concems, and suggestions.

Sincerely,

Members and Sponsors of the

Community Advisory Panel (CAP) of CXY Chemicals Canada Ltd. and
Sterling Pulp Chemicals Ltd.
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Community Advisory Panel (CAP)
of CXY Chemicals Canada Ltd. and Sterling Pulp Chemicals Ltd.
Report for periods September to June 1995/96 & 1996/97

Document One: CAP Background _
Introduction

Why Community Advisory Panels?

Industrial progress contributes countless benefits to our lives. While we take many of
these benefits for granted, they do come with significant costs—and periodic high-
profile, chemically related incidents justify community concern about potentially
negative impacts. Difficulties in understanding the risks compound this community
CONCern.

Scientists and experts in the chemical industry have developed technical terms and
assumptions to address the risks and benefits associated with their work. While these
terms and assumptions address health and safety, the technical language does not, and
cannot, always address the more straight forward concerns of the public. Risk estimates
and probabilities can only partly satisfy the community’s main questions: “Are we
safe?” and “Are the benefits worth the risks?” Only the public itself can judge whether
these concerns are addressed; and to do so they will require comprehensive technical
information from industry and government.

Understanding this information requires that the public have a seat at the table when
the topic of health and safety for their families and the environment is under

discussion.

Community Advisory Panels in Canada

Community Advisory Panels (CAPs) were first initiated in Canada in the late 1970s as a
tool to help the chemical industry better understand the concerns of people living and
working near their facilities and to use community insight to manage risk more
effectively. The joint CXY Chemicals Canada Ltd. {CXY) and Sterling Pulp Chemicals
Ltd. (Sterling) CAP is among the first initiated by industry in British Columbia's Lower
Mainland.



The Purpose of This Report

The purpose of this report is to outline CXY /Sterling CAP activities over the last two
years and to share with community members the questions CAP members have asked
about the risks and benefits of having CXY and Sterling operations in the community.

As individuals, CAP" members have different ideas about how risks and benefits
associated with industry on the North Shore are best balanced. However, we also share
the two companies’ belief that open communication among industry, government,
and residents is the best place to start in determining this balance.

Together, we identified the need to (1) open communication channels, and (2) to
identify our primary concerns.

We decided to begin by simply posing our initial questions about health and safety
issues to appropriate CXY and Sterling representatives (who in many cases were plant
managers Brian Thornton [year one] and John Billham [year two] of CXY, and Roger
Thomey of Sterling), municipal representative Ross Peterson of the North and West
Vancouver Emergency Program, and other experts. Once we had their answers, the
next step would be to share those responses with you.

For the convenience of readers, this report is presented as two documents:

Document One describes the CAP—its background, structure, membership, and
objectives. This document also provides information about the background of CXY
and Sterling, and their objectives for participating in the CAP.

Document Two lists a chronology of CAP meetings and topics over the last two years.
This document also provides questions and answers explored during this time.

More Community Involvement Needed

We fully expect that the CAP and its objectives will evolve. We hope that this report
sparks interest and debate that will result in a broader understanding of safety issues
associated with these two companies and the need to prepare for emergencies in this
area.

If you are interested in becoming involved in CAP, or have questions please call:
+ CAP Facilitator Lori Walker { 515-0115—leave a message)
* John Billham, Plant Manager of CXY Chemicals (929-3441)
* Bob MacLeod, Plant Manager of Sterling Pulp Chemicals (929-3002)
* Ross Peterson, Co-ordinator, North and West Vancouver Emergency
Response (983-7440)
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Origin of the CXY/Sterling Chemicals
Community Advisory Panel

As members of the Canadian Chemical Producers Association, CXY Chemicals and
Sterling Pulp Chemicals abide by a set of industry guidelines called “Responsible Care.”
These guidelines define responsible conduct in the following areas:

community awareness and emergency response

research and development

manufacturing

transportation

distribution

hazardous waste management

As part of their commitment to the CAP program, the companies recognized a need
for dialogue with community members regarding potential risks and to share ideas
about managing the risks.

In 1994, CXY undertook a scientifically based study (Quantitative Risk Assessment or
QRA) to assess the possible consequences of a major incident at the North Shore plant.
The results of the study made apparent the need to establish a CAP. The two
companies proposed establishing a CAP and met with the North and West Vancouver
Emergency Program (representing the three North Shore municipalities) to discuss
their possible invelvement. The companies appointed Lori Walker, a Simon Fraser
University doctoral student studying communication about environmental and
health risk, as a neutral resource to attract and select CAP members and to facilitate the

process.

In October, 1995 CXY Chemicals and Sterling Pulp Chemicals ran the following
advertisement in the North Shore News to identify members for the CAP.

We'd like your advice...

CKY Chemicals ond Sterling Pulp
Chemicals of Morth Vancouver ara
looking for 12 voluntesr mesbers to
participate in o Comsumity Advisory
Parel (CAPY. If you are a local
residant who is interested in
ensuring our community remainz a
good place to live, we ask you to
censider helping us out,

The CAP will prowide o regulor
forum where comsunity members, local
business, ond the municipality con
exchange information with CXY ond

Sterling ebout plant cperations and
activities. While the CAP will not
sarve a5 a decision making body for
the two plants, it will be o forum
where the panel membars' concerns
and points of wiew are respacted
and taken into consideration by
XY, Sterling, ond the municipality
whan decisions ars mods.

The CAP will meat 3 to 4 times
a year, Z to 3 hours in the
evening. The members will establish
other meeting logistics to mest
thelr needs.
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Fifty-four people responded to the advertisement. Many were people with chemical
industry experience or who could provide technical assistance. In selecting members,
however, Lori Walker believed that the first priority was to identify the immediate
concerns and criticisms of community members. It was also thought that CAP
members should represent a variety of interests and community groups, including
Maplewood School, First Nations groups, local business, and community associations.

Charter members had a variety of reasons for wanting to get involved. Some felt that
companies were often arrogant and purposefully neglectful of community concerns.
Several were concerned about the safety of their children in the event of an
emergency. Many were unclear about what to do in an emergency situation, and
wanted to identify what to worry about and what to do if an alarm was sounded.
Others were concerned about environmental impacts of an incident. All expressed the
need to share what they learned with the community.

This report is the initial step in addressing these concerns and in sharing our findings
with you.

Charter members of the CXY/Sterling CAP include the following individuals:

MNachiko Yokota, Resident and former member of Chemical Hazard Alert Committee
Ellen Riley, Resident
Pat Neufeld, Resident and President, Lynmour & InterRiver Assoc. (year one)
Bﬂhﬁb\lgh, Resident (former Manger of Health and Safety, TOLKO Industries}
Cas Bohlken, Resident
Capt. Dennis Euﬁ, Resident and representative of Ship Safety, Transport Canada
ancy Dale, Resident, teacher, and representative of Maplewood School (year one)
Sall.m Ledak, Resident
MNeil McManus, Resident
Geur%l e MacPherson, President MWBMU (year one)
MNeil Mort, Director of Campus Operations, Canadian International College
Ross Muirhead, Resident and representative of Friends of the Watershed
Tony Webb, Resident & representative, Maplewood Flats Bird Sanctuary (Wild Bird Trust
of British Columbia)
Gail Weimer, ICBC Community Relations
Ross Peterson, North and West Vancouver Emergency
Brian Thornton, Manager of Community Relations, CXY Chemicals Ltd. (year cne)
John Billham, Plant Manager, CXY Chemicals Ltd. (year two)
Roger Thomey, Plant Manager, Sterling Pulp Chemicals

- B 8 @ B ® & B @ ® B ® @

& & & & @8



CAP Objectives

The following terms of reference were identified at the CAF's inaugural meeting, held
December 5, 1965

Mission Statement

The CXY/ Sterling CAP (the CAP) is a forum for the open, frank, and mutual exchange
of ideas and concerns of both industry and dtizens. Comprised of representatives of
the local community, the industry sponsors, and the municipality, the group works to
develop an understanding of these industries as they relate to the neighbouring area
for the purpose of mutual education. The CAP serves as a resource to industry and the
comrmunity at large on issues including safety, health, environment, and economy.

Obyectives
1. To address issues that are important to the community and industry.

2. To provide the community with input from the plants about facility operations.

3. To provide feedback from the community about plant operations and concerns,
and to identify ways to improve communications with the community.

4. To provide 2 mechanism for the plants to discuss community response to the
plants’ ideas and plans.

Ln

To provide a means to educate the plants and their corporate management
about the community.

Scope

The CAP does not usurp regulatory functions, local government controls, or other
government procedures that are in place for public safety, health and environmental

protection.
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Decision-Making Process

If required, Robert’s Rules are used informally. When voting, 50% plus 1 constitutes a
majority.

CAP Size

The CAP consists of no more than 20 people with membership reflecting the
community. Individuals with expertise in specific areas will be invited to present to
the group as required.

Expenses

The cost of facilitation, meeting space, and refreshments are paid by CXY and Sterling.
Compensation for direct expenses paid by the sponsors will be reviewed by the CAP.

Meeting Dates

These are established by the facilitator with CAP members over the telephone. The
meetings are held every six weeks, from September to June.

Agenda

When possible, the agenda for the next meeting will be set before the end of each
meeting. If necessary, a committee of interested members will establish the topic for
the next meeting. Every Agenda will include updates from CXY, Sterling, and the
North and West Vancouver Emergency Program, and will provide opportunity for
participants to identify new issues for discussion.

Original CAP Issues and Concerns

1. Emergency Response and Evacuation
= warning systems (how does notification happen?)
* access to information in emergency
= role of first responders
+ sheltering vs. evacuation

2. Information Needs
= what information is available?
* what information can the community access?
+ how effective is available information?

Fape &



. Risk and Health Concerns

smells, air quality

health effects

what areas are most at risk?

regulations, standards, monitoring, content of emissions
company response to regulations

company steps to risk reduction

recovery, reclamation

potential risk, probability of accidents, probable accidents
dispersion of gas

threat of quake/ crisis

railcar safety [ mischief

lecation, relocation, long-term plans

. Development Issues
* MacKenzie Barge, other
« Dollarton Realignment

. Benefits

* employment, products



CXY and Sterling Objectives for CAP

Roger Thomey of Sterling and Randy Gossen of CXY articulated their own objectives
for participation in the CAP. They are as follows:

CXY's Principles of Community Affairs

» No sacred cows; all issues raised by the public will be addressed fully and openly.

* The public has a legitimate right to participate in the decision making for issues
that affect them.

* Input from the public is “value added” to our business.

+ Seek issue resolution through consensus.
* Acknowledge that the public must decide what constitutes an acceptable level of

risk.

CXY accepts the responsibility to put these principles into practice. The community
will be the judge as to how well this is accomplished.

Sterling’s Objectives for CAP Participation

It's interest in participating in a CAP also stems from their involvement in the
“Responsible Care” program. In addition, when they began operating under new
ownership, in 1992, they wanted to introduce their operations to the community. They
also wished to identify any issues, questions or perceptions that local residents may
have had about their operations and to seek a means of communicating that would
lead to resolution.

It is important to Sterling that neighbours know Sterling has an open-door policy and
an environmental objective of “zero impact on the environment.”

Fape 8



Background on CXY and Sterling Facilities

CXY Chemicals Canada Limited Partnership
(formerly Canadian Oxy Industrial Chemicals Limited Partnership, and Hooker
Chemicals)

CXY Chemicals is a joint venture between Canadian Occidental Petroleum Lid.
(Canadian Oxy) and Occidental Chemical Corporation. The North Vancouver facility
was established in 1957 and subsequently purchased by Occidental Petroleum in 1968. It
came under the management of Canadian Oxy in 1971. In 1995, Canadian Oxy
established a new chemical partnership with Occidental Chemical Corporation, which
combined Canadian Oxy’'s industrial bleaching chemicals business with Occidental’s
sodium chlorate production faclity at Taft, Louisiana. At the time that this partnership
was formed, the name was changed to CXY Chemicals.

When it was first opened, the plant had a capadity to produce 109 tonnes of chlorine
per day. Currently, the North Vancouver plant has a production capacity of 435 tonnes
per day of chlorine. Other chemicals produced at CXY include: caustic soda; muriatic
acid; hydrogen gas (some of which is transferred by pipeline directly to the
neighbouring Mohawk Oil Co. Ltd. recycling facility); and sodium chloride products
such as brine, salt slurry, and bulk salt.

To produce its products, CXY annually consumes 250,000 tonnes of common salt, 460
million kilowatt hours of power, 1.87 billion litres of water, and 1.2 million gigajoules
of natural gas. The products produced at CXY are used by the BC pulp and paper
industry, by the US Gulf petrochemicals industry in the production of plastics, by the
il and gas industry in Western Canada, and by the steel industry. These products are
also used for water chlorinating, bottle washing, effluent treatment and wire pickling.

Products are transported via tank truck, bulk barge and rail barge, railcar, fixed pipeline
(H; and brine} and deep sea vessels.

CXY's North Vancouver site employs 173 people with 30% of those living on the

North Shore. The company’s site payroll and benefits equal $10 million per year, and it
pays $1.3 million in annual municipal taxes.
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Sterling Pulp Chemicals Ltd.

Sterling Pulp Chemicals , Ltd. (formerly Albright & Wilson) was purchased in 1992 by a
Texas company, Sterling Chemicals Inc.

Sterling employs 510 people in its six manufacturing facilities across North America
(located in Valdosta, Georgia; North Vancouver, BC; Grande Prairie, Alberta;
Saskatoon, Saskatchewan; Thunder Bay Ontario; and Buckingham, Quebec).

The company produces two primary products: sodium chlorate and sodium chlorite.
At its newly acquired Saskatoon site, in addition to sodium chlorate, chloine, caustic,
muriatic acid, hypochlorite and calcium are produced. Chlorate is an industrial salt
used primarily in the bleaching of pulp. It is the only product manufactured at the
North Vancouver site. Using a large quantity of power, it is produced by the
electrolysis of salt and water. To manufacture its single product, the North Vancouver
plant uses approximately 500,000 kilowatt hours and 45,000 tonnes of brine solution
annually.

The MNorth Vancouver plant was first commissioned in May 1957. It has a current
capacity of 92,000 tonnes and ships its product by truck, ocean going barge, railcar and
export containers. With annual sales in excess of $40 million dollars, it has a direct site
payroll of 53 million, locally purchases §15 million in goods and services, and pays
approximately $1 million in property taxes to the District of North Vancouver. The site
employs 40 full-time employees of whom 28% live on the North Shore and over 50%
have greater than 20 years of service.

Since 1987, production has been increased by 50%, while raw material usage has been
reduced by 47%. Environmental performance (i.e. reductions of air emissions, effluent,
solid wastes) has been improved by E77% (relative to 1987). Current air emissions from
the plant measure approximately 2.5 parts per million (ppm) of chlorine (0.63 tonnes
annually), and the annual disposal of hazardous brine and acid wash mud to a secure
landfill measures approximately 325 tonnes. (The material is considered hazardous
because of the small amount of chromium present.)

Chronology

The current CXY /Sterling CAP is not the first group formed to address concerns about
possible health and safety risks associated with the CXY plant; nor is CXY Chemical's
Quantitative Risk Assessment the first technical study of possible risks. The following
chronology acknowledges the efforts of others in bringing attention to chemical
hazards in the municpality.

» September 1978—Beak Report, (commissioned by North Vancouver District

Council) examining risk associated with earthquake and railcar transport of
chemicals.
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« November 1979—The Mississauga Spill of 10 tonnes of chlorine from a tanker
car,

» February 1980—The District established Chemical Hazards Action Committee
(later Alert Committee/Community Hazards Task Force [CHAC]).

s March 1980—North Vancouver begins review and update of emergency plan.

* May 1980—Report commissioned from special ad hoc committee to evaluate
Beak Report and role of municipal and governments in minimizing risk.

+ November 1980—Community Hazards Task Force Report submitted to council.

+ June 1983—Community Hazards Action Committee established subcommittees
to explore North Shore emergency plans; marine, road and rail transport of
hazardous goods; off-site health hazards; district plans for future industry; and
cost-benefit analysis of Hooker facility to the North Shore.

* May 1993—The Community Alert Network was established by the North and
West Vancouver Emergency Program and paid for by Canadian Occidental.

« May 1995—CXY Chemicals Quantitative Risk Assessment released.

* December 1995—Established CXY-5terling Pulp Chemicals Community
Advisory Committee.

+  August 1997 —CXY Chemical’s updated Quantitative Risk Assessment was
released.

*  August 1997 —Peer Review of Quantitative Risk Assessment done for the
District of North Vancouver by A.D. Little was released.

Reports and newspaper clippings covering the issues that have arisen with regard to

chemical and chlorine risk on the North Shore are available in the North Vancouver
Public Library.
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Community Advisory Panel (CAP)
of CXY Chemicals Canada Ltd. and Sterling Pulp Chemicals Ltd.
Report for periods September to June 1995/96 & 1996/97

Document Two: Issues and Questions _
Introduction

The Purpose of This Report

The purpose of this report is to outline CXY /Sterling CAP activities over the last two
years and to share with community members the questions CAP members have asked
about the risks and benefits of having CXY and Sterling operations in the community.

As individuals, CAP members have different ideas about how risks and benefits
associated with industry on the North Shore are best balanced. However, we also share
the two companies’ belief that open communication among industry, government,
and residents is the best place to start in determining this balance.

Together, we identified the need to (1) open communication channels, and (2) to
identify our primary concerns.

We decided to begin by simply posing our initial questions about health and safety
issues to appropriate CXY and Sterling representatives (who in many cases were plant
managers Brian Thornton [year one] and John Billham [year two] of CXY, and Roger
Thomey of Sterling), municipal representative Ross Peterson of the North and West
Vancouver Emergency Program, and other experts. Once we had their answers, the
next step would be to share those responses with you.

For the convenience of readers, this report is presented as bwo documents:

Document One describes the CAP—its background, structure, membership, and
objectives. This document also provides information about the background of CXY
and Sterling, and their objectives for participating in the CAP.

Document Two lists a chronology of CAP meetings and topics over the last two years.
This document also provides questions and answers explored during this time.
More Community Involvement Needed

We fully expect that the CAF and its objectives will evelve. We hope that this report
sparks interest and debate that will result in a broader understanding of safety issues

associated with these two companies and the need to prepare for emergencies in this
Aarea.
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If you are interested in becoming involved in CAP, or have questions please call:
s (AP Fadilitator Lori Walker { 515-0115—leave a message)
= John Billham, Plant Manager of CXY Chemicals (929-3441)
= Bob MacLeod, Plant Manager of Sterling Pulp Chemicals (929-2331)
= Ross Peterson, Co-ordinator, North and West Vancouver Emergency
Response (983-7440)

Charter members of the CXY /Sterling CAP include the following individuals:

Wachiko Yokota, Resident and former member of Chemical Hazard Alert Committee
Ellen Riley, Resident

Pat Neufeld, Resident and President, Lynmour & InterRiver Assoc. (year one)

Rob ginhwh. Resident (former Manger of Health and Safety, TOLKO Industries)

Rﬂﬁlﬂﬂnt and representative of Ship Safety, Transport Canada
Naru:-;r Dale,. ident, teacher, and representative of Maplewood School (year one)
Salim Ledak, Resident
Neil Mehanus, Resident
George MacPhersen, President MWBMU (year one}
MNeil Mort, Director of Campus Operations, Canadian International College
Ross Muirhead, Resident and representative of Friends of the Watershed
Tony Webb, Resident & representative, Maplewood Flats Bird Sanctuary (Wild Bird Trust
of British Columbia)
Gail Weimer, ICBC Community Relations
Ross Peterson, North and West Vancouver Emergency am.
Brian Thomton, Manager of Community Relations, CXY icals Lid, (year one)
John Billham, Plant Manager, CXY Chemicals Ltd. (year twa)
Roger Thomey, Flant Manager, Sterling Pulp Chemicals

& 8 & B B OB OB B B B B 8 @
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December 5/95
February 6/9%

March 5/96

« May7/9

« May 14/96
= June4/9%

* June 19/9

October 23/96

» MNovember 27/96

M.B.:

January 8/97

February 19/97
April 3/ 97

May 14/97
June 25/97

Issues and Topics Addressed

Established Terms of Reference and issues to be examined.
Presentation by Brian Thornton, CXY and Roger Thomey,
Sterling.

CXY Presentation conbinued; presentation from Ross
Peterson, North and West Vancouver Emergency Program.
Emergency Program presentation continued.

Tour of Sterling Pulp Chemicals.

Presentation by CXY on Dollarton Highway Realignment
and Rezoning, Quantitative Risk Assessment .

Tour of CXY Chemicals.

Planning Session; Updates.

Final Report; Planning Session; and Sheltering vs.
Evacuation.

Chlorine and Health presentation by Dr. Neva Hilliard;
Technical discussion of Material Safety Data Sheets with
Neil McManus.

Discussion of video dealing with CXY disposal practices
Regulations and Standards for Emissions and Waste
Disposal presentation by Ken Stubbs; GVRD Air Quality; and
Pollution Prevenbion presentation by Ray Robb, BC Ministry
of the Environment.

Emergency Planning and Response.

Report Discussion and CAP planning for next year.

Minutes of these meetings are available from CAP Facilitator, Lori Walker.

The following were identified as issues to be addressed (listed in priority order as
established by CAP members). The questions below are samples of those posed by CAP
members. Also included are any answers collected by the CAP. We selected these
because we think they best address general concerns about health and safety.

All questions asked at CAP meetings have been recorded and are available through the
CAPF facilitator, Lori Walker.
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Health effects of chloringe— Long- and short-term exposure in “Plain English”

{ provided by Dr. Neva Hilliard, tmm! Medicine Consulbant and Clinical Associate
Pro riment of Health Care and E ey, Lniversity of British Columbia and from
“Chlorine/Chlorine Dm:ndr Review Hﬂ:ﬂ: Eﬂ'm‘s fFa.:['-rrm . 1997) prepared for the Pulp and Paper
Adwvisory Commitiee Forest Industry Health Research Program by the Occupational and Environmental
risk Management Group of the BC Institute).

Q. What amount of chlorine is dangerous to humans? Are small amounts very
hazardous?

A. Both chlorine and chlorine dioxide are highly corrosive to tissues of the eyes, nose
and mouth. The Chlorine Institute and the National Institute for Occupational
Safety and Health classified exposures as follows:

0.2 - 0.3 parts per million (ppm) odour perception

3 -5 ppm Slight irritation nose and throat

3 -8 ppm [rritation of the respiratory tract and eyes

14 - 21 ppm Respiratory injury within 30-60 min.

30 ppm Intense coughing

40-60 ppm Serious respiratory damage in 30-60 min.
—=  34-51 ppm Death in 60-90 min.

The chlorine monitor alarms at CXY are set to go off at 0.15 ppm; which is less than
the odour concentration.

Both occupational human studies and animal studies have been conducted to look at
chronic health effects following low-level exposure, either as a result of long-term,
low-level exposures, or from one or more episodes of acute exposure. Exposures
to chlorine in these studies were far greater than exposures that would result from
any small accidental releases from the CXY plant (for example a continuous
exposure to 0.5 ppm over an 8-hour period). Long-term effects of exposures to
small amounts of chlorine in occupational settings have been studied, but no
studies have been conducted on the general population’s exposure to small
amounts, such as takes place when using hot tubs or swimming pools.

Q. What is the concentration of the gas off the top of a bleach bottle? What's the
concentration in a swimming pool?

A. The concentration off the top of a bleach bottle is 0.2 ppm, the level at which
chlorine can be smelled. The concentration of 3 ppm chlorine is generally
recommended for swimming pools.

Q. What about the chlorine that is vented out from the CXY plant?

A. NEEM Data (National Emission Reduction Masterplan) submitted by the plant to
the Canadian Chemical Producers Assodation shows an amount of 300 kg a year as
the chlorine released through routine venting. Chlorine is very reactive, so it will
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react with moisture to form weak hydrochloric acid—long before it would react to
such chemicals as PCBE's.

Q. What are the effects of hydrochloric acid? When you breath chlorine, does it
become hydrochloric acid?

A. Yes. This can result in irritation (depending on the concentration and the duration
of the exposure).

Q. How are exposures of 15-30 ppm treated? Do you have to go to the hospital?

A. Best treatment is fresh air, away from exposure and other lung irritants (cigarette
smoke), lots of liquids. Individuals could be treated with oxygen while they are
being transported to a clean environment.

Q. Can you see chlorine gas at 30 ppm?
A. Yes, you can see it at 10 ppm. It is a yellowy green colour.

Q. Could chlorine have more of an affect on children?

A. Kids have a higher respiratory rate, 5o the dose or the amount they breath in will
be slightly higher. Some people with pre-existing respiratory problems (the elderly
for example) may be more sensitive.

Q. Tf chlorine is at the 0.3 ppm level exposure will it damage the olfactory nerve?
A. No. Although it will fatigue the nerve, the nerve won't be damaged long term.

Q. The cancer connection still bothers me...

A. Research examining both acute, high levels of exposure and chronic, low levels of
exposure have not identified cancer as a health effect. Several of the studies
included follow-up studies on long-term health effects over a 6-12 year period. To
date, there is no medical evidence to show there is a link between elemental
chlorine and cancer.

If there are no linkages, why do Canadian drinking water guidelines exist?

. Standards are established for a variety of reasons, including the establishment of
environmental and occupational health and safety measures, and risk assessment.
These types of standards (indicating, for example, what amount of chlorine is
added to drinking water) refer to how decisions should be made, not simply the
levels of risk that are judged to be acceptable. Standards provide measures that
reduce possible risks, but they also provide a process for making decisions about
risks and environmental pollutants in the future.

>0

Q. How much spill would it take for it to move out of the area toward the school etc.?
A. How chlorine disperses depends on a number of factors. Chlorine gas will tend to
stay at low elevations, but concentrations depend on the wind speed, therefore
dilution in the air. This question was examined in the Quantitative Risk

Asgsessment that CXY conducted.
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Q. How is information about the possible risks of a chemical shared between the

A

people who produce, transport, and use them?

The Material Safety Data Sheet (MSDS) is a concise source of information about
the chemical, physical, toxicological and fire properties of a product or substance. It
provides information that an educated user can utilize to protect his/her health
and safety. It also provides information for handling, storage, use, spill clean-up,
fire fighting, emergency first aid, and disposal. MSDSs are part of a broader
program called the Workplace Hazardous Materials Information System
{WHMIS).

Q. What kind of enforcement is there for WHMIS guidelines?
A. WHMIS is a Federal regulation (not a guideline} and therefore is a legal

requirement. It is administered in British Columbia by the Workers
Compensation Board (WCB), which means it is part of a WCB workplace
inspection and is enforced as any other safety regulation by that agency.
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Accidental releases —causes, nature, incident investigation, odour, and
community warning system

Q. Why do accidental releases typically occur?

A. Of the eight reportable inadents over the last three-and-a-half years, all but one are
related to equipment failures; for example power failures, small leaks from valves
or line flanges. The one exception was considered as human error.

Q. How much chlorine in (ppm) is typically released?
A. There have been 19 reportable incidents since 1990. Fifteen of those incidents
involved releases of less than 5 kg.

Q. How long does it typically take to identify a leak?

A. The plant has an exterior grid of 39 monitors that give operators immediate
warning of chlorine releases. They can identify and react to a release in 1 or 2
minutes.

Q. Who do you report leaks to?

A. We are required by law to report leaks greater than 5 kg to the GVRD, BC Ministry
of Environment, and District of North Vancouver Fire Department. However, we
also report any leak that we think will have an odor impact on neighbours or
when we get an outside complaint to the GVRD and the Fire Department.

Q. If a leak is detected, then what?
A. The source is identified and immediate steps are taken to stop the leak.

Q. Is it at that point that you shut the windows and turn off the air conditioner?

A. Yes, individuals can take their own protective actions. The Municipality will also
advise residents through the Community Alert Network, an automatic phone-
dialing service (more information on this to follow).

Q. What is secondary containment in case of leaks?
A. The chlorine storage tank is surrounded by a concrete pad and containment wall.

Q. How does CXY estimate the volume of chlorine spilled, and how accurate are
these estimates?

A. Releases to the air are usually very small so the amount is quoted at “less than
5 kg", the legal reporting level. Accurate measurement at such low levels is very
difficult.

Q. What do we do when we hear a horn coming from the plant?

A. 1) Stay in your house or apartment

2) Close the windows and shut off air conditioners

3) Seal any door or window gaps with wet towels

4) Turn on radio (CBC AM) or TV (Rogers Community Cable).
Advice will also come through CAN ALERT phone system.



Land issues: Dollarton, Rezoning, Redevelopment and Quantitative Risk
Assessment—storage, what does it mean in plain English?

MNote:
As noted in the introduction, a study was undertaken to assess the possible
consequences of a worst-case incident at CXY. This study, called a Quantitative
Risk Assessment (or QRA) would also indicate appropriate land uses near the
plant. The question of land use in the area has arisen because the District of North
Vancouver wishes to realign the Dollarton Highway and then allow development
of a land in the vicinity. The new Dollarton Highway willprovide access both to
land owned by Canadian Occidental Petroleum and land owned by the district.

As a result of a public hearing on June 11, 1996, the District requested that the
study be reviewed by an independent company for its accuracy and limitations.
A.D. Little, an environmental, health, and safety consulting company was hired by
the Municipality to do that review, and the results of the review were received by
municipal council in a public meeting August 12, 1997. On August 13, 1997 CXY
Plant Manager John Billham, and Jane Fleming, Manager of Land Development
for Canadian Occidental Petroleum, and Koss Peterson of the North and West
Vancouver Emergency Program met with members of the Maplewood
Community Association to answer other questions arising from the council

meeting.

In September, the Municipal Council will hold a pubic meeting to discuss the
latest results of the QRA and their plans for rezoning. Following this meeting, the
Municipal Council will hold a formal public hearing on the rezoning application.

For more information on the Quantitative Risk Assessment (QRA), the peer review
of the QRA, or future rezoning contact John Billham, CXY Plant Manager at 929-3441
or Jane Fleming, Manager, Land Development, Canadian Occidental Petroleum Lid. at
924-2923,
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Emergency response

). When is the public notified about accidents?
A. When a significant public risk is perceived (by the Fire Department mainly).

Q. Is a Mississauga-type situation (spill resulting in mass evacuation) possible here?

A. Yes. The Missassauga spill involved a railcar carrying chlorine in 1979 and
resulted in new standards for transport of dangerous substances and improved
emergency planning procedures (including those in North Vancouver). In
addition, the Canadian Chemical Producers’ Assodation have also put into place a
new code of practice called “Responsible Care.” The code includes specific
requirements to visit communitites through which their products are shipped, in
order to assess risks and make improvements. Unfortunately, despite planning,
accidents can still happen.

Q. Who is responsible for notifying residents?
A. The municipality.

Q. Who is responsible for chlorine after a spill?
A. The company.

. What would happen in the case of a derailment in North Vancouver?
A. Responsibility would be jointly shared by industry, railroad, and the municipality.

Q. What would happen to the Lion’s Gate and Second Narrows Bridge commuters?
A, It necessary, bridges would be closed.

Q. Don't you communicate by news media? Who decides what to do in an
emergency’ Can you interrupt radio as you do to report a news bulletin?
A. The municipality decides. Radio and TV would be interrupted if required.

Q. Who are the people getting information that they are giving out to others—who is

behind the spokesperson?
A. Combination of company, health and municipality officials.

Q. Who are the people who have responsibility for public safety and emergency
planning?
A. Municipal fire, police, health departments. Also provincial ambulance service.

Q. What role do the municipality and industry play in the event of an emergency?
What is the chain of command?

A.Tt is the municipality’s responsibility to protect public safety outside the plant gate.
The municipality and company will work cooperatively.

Q. Do you tell people to turn off gas fumaces and heaters etc.
A. Yes, we would and did in 1994.
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Q. Is the Community Alert Network operator or computer activated?

A. The North Shore's Community Alert Network is paid for by CXY Chemicals and
owned by North and West Van Emergency Response. It has been used three times
since 1994. The system is activated by municipal officials. A computer system does
the dialing and plays a recorded message.

Q. There needs to be more information on the Community Alert Network pamphlet.
It is as simple as answering your telephone, but the pamphlet doesn’t say that. |
had to read to end of the first paragraph before [ started to clue in that I didn't need
to do anything. | was looking for what [ had to do.

A. Perhaps the next version can include improvements.

Q. Would the phone system work in the case of earthquake?
A. It may not work for some hours.

Q. What if people don't answer or don't hear phones at night?
A. The message would include a request for people to please alert their neighbour.

Q. What about unlisted numbers or numbers that people take with them when they

move?
A. Residents with unlisted numbers must call the MNorth and West Vancouver

Emergency Program at 983-7440 to add themselves to the list. The annual update
will provide corrected numbers for those who have moved.

Q. Maplewood Flats and the Wild Bird Trust area— how to deal with people
wandering to the west of the Flats? We thought signs might be put up explaining
what the whistle is for and what to do?

A. The company will work with you on signs.

Q. What is the emergency response plan in this community?
A. A specific response plan with CXY is in place and is being updated with new
organizational procedures.

Q. What constitutes first aid?
A. Depends on concentration and damage. Fresh air or oxygen may be adequate.
Hospitalization for severe cases may be necessary.

Q. How familiar are workers with site-specific contingency plans—other than having
to pull a manual off the shelf? When there is an earthquake, you don’t have time.
Are there drills?

A. The company has education programs, in-house drills, and exercises with the

municipality.
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Q. At Maplewood School, we are advised to go to a higher place. The highest place is
on the stage in the gym. There isn’t room for all the kids there. How would you
get all those kids to the hospital?

A. Moving the students to the stage isn't the answer. The emergency program would
like to meet and discuss a suitable plan with the school this fall. A scenario in
which we would have to transport “all those kids to the hospital” is very remote.
But the issue of harmful inhalation should be discussed with the school.

Note:
The CXY Plant Manager, John Billham and Plant Safety Co-ordinator Peter
Graveson met with the Maplewood Parent’s Council in April 1997 to begin
discussing emergency response options for fire, earthquake, and chlorine
scenarios. Future meetings with the Parents Council are anticipated.
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Court Case: CXY and Environment Canada

Q. Just what is going on anyway?

A. On October 13, 1994 there was a total power failure in the BC Hydro “feeders" to
the CXY plant. The loss of power resulted in the plant having to undertake
emergency shutdown. A valve designed to close in such circumstances did not
fully close and allowed cooling water in the process to continue to contact
chlorine. Plant cooling water containing a chlorine concentration above permit
levels was discharged for several minutes into Burrard Inlet. Monitors at the
plant were rendered inactive due to the total power failure. Charges were laid
under the Federal Fisheries Act by Environment Canada and the Provincial

Ministry of Environment also charged CXY for exceeding its permit.

As part of the regulatory investigation and notwithstanding CXY's cooperation, CXY
offices were searched and documents seized. The company has argued that the
documents were not obtained through a lawful search. The B.C. courts have twice
ruled that the documents were unlawfully seized. Environment Canada has
appealed these decisions to the Supreme Court of Canada. The decision whether

the Supreme Court will hear the appeal is expected in October 1597,

The equipment malfunction resulting in the permit excedence has been repaired. In

addition, in accordance with new regularatory requirements and at a projected cost
of over $2 million, (XY is studying a process that would divert and treat the

plant’s water discharge before it goes into Burrard Inlet.
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Omn-site disposal, waste management—historical background and current
practices

Q. What is solid waste? Where does it go?

A. Waste asbestos goes to an approved landfill in Surrey (Port Mann) or Delta. Salt
sludge is landfilled on site. General garbage goes to the municipal landfill, scrap
metal, paper and cardboard is recycled.

. How often are your air emissions tested?
A. We run tests once per year and submit data to the GVED.

Q. What do operators test for in emissions?
A. The plant water discharges are tested continuously for pH and chlorine. There are
no ongoing air tests done by operations. Chlorine at trace levels would be obvious

by smell and picked up by monitors on the CXY site.

Q. What could we smell in discharges?
A. Chlorine at trace levels would be obvious by smell.

Q. What is in your raw sludge?
A. It is approximately 75% salt. The rest is calcium carbonate, magnesium hydroxide
and natural compounds like sand.

l‘.‘.:_l-. Loading —do you ever lose a bit there?
A. The luad:.ng is done through hoses which are connected and disconnected each
time a car is loaded (approximately five times a day). The hoses are blown out
with air to a vessel before they are disconnected. M-:-nitnrs are located in the
loading area to warn if chlorine is released.

Q. I've called the municipality because I thought there was a spill. | don't know if it
was you or someone else. ['ve smelled acid so strongly on the air while washing
my car that I've had to go inside.

A. If the smell is acidic, it is probably sulphur dioxide. If we receive such a call, we
would pass it on to the GVRD. We check our plant and report back to the caller
and the GVRD.

Q. If there was a pipe break what would be a reasonable estimate of the amount of

solution lost?
A. The size of the leak would depend on pipe length, diameter and on the time taken
to isolate the line that is leaking. Fifteen of the Nineteen reportable accidents we

have had since 1990 have involved amounts less that 5 kgs.
Q. If a spill takes place loading cars, how quickly does that disperse?

A. Dispersion would depend on wind velocity and obstructions (for example,
buildings in the path of the cloud).
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Q. Could the flushing sludge that is still being buried at the CXY site slowly seep back
into the inlet, create an increase of salinity in the inlet of the Seymour River?

A, Ground water flows in the direction of the inlet, not towards the Seymour River,
s0 the river should not be affected.

Q. When you had a spill at the end of May, how much was spilled?
A. Less than 5 kilograms, the spill was noted by the smell along the west fence of the
plant.

Q. At what point does someone push the alarm?

A. At 0.15 parts per million, the monitors set off an alarm in the control room. The
emergency horn is sounded if the spill is of a magnitude that people on the plant
site should evacuate.

Q. Who is involved in pulling the alarm? How many people could be involved?
A. The alarm is set off by the stationary engineer (the person operating the control in
the steam plant). Any employee can contact him to identify a problem.

Q. What is the height of the sensors?
A. They are at a variety of elevations in the plant process and loading area; Ground
level monitors are generally 5 feet off the ground.

Q. How many levels of spills are there (minor, major)?
A. Three: non reportable, reportables-minor, reportables-major,

Q. Is the sludge (buried on the site) contaminating the land?
A. No. Components are all naturally occurring in sea water.

Q. Are chlorinated hydrocarbons still part of the sludge buried at CXY?
A. No. None have been produced since the plant was converted to metal anodes in
1974.

Q. What are you allowed to dispose of on site?
A. Our permit allows the disposal of waste asbestos and salt sludge on site.

Q. What is in your effluent— 25 million gallons per day?
A. Effluent is limited to heat removal exchangers and is pumped through cooling
exchanges from the inlet and then returned to the inlet.

Q. How is this monitored? How often is it tested? By what company?
A. Continuous analyzers for chlorine and pH. Daily “grab samples” are also taken
and results reported quarterly to BC Ministry of Environment.

Q. Has any analysis of sludge been done for minor components?
A. Trace metal analysis was done and found to be very low. Metals mainly originate
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from sea salt so they are naturally occurring.

Q. Is asbestos stll dumped?
A. Not at the plant site. It goes to an approved industrial landfill site in Delta or

Surrey.

Q. How much asbestos is still on site? How is it stored? Does it pose a risk?
A. Asbestos is still used on site. It is a health risk to the employees if not handled

properly.

Q. How often does the salt sludge get dumped?
A. Every 3-5 years, one of the 3 tanks are cleaned.
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Regulations—how do they happen and by whom?

Q Emissions are checked 4 times a day? By whom?
A. The Water effluent is analyzed continuously for pH and chlorine. Otherwise, grab

samples are taken daily for reporting purposes.

Q. On operating permit from the Ministry of Environment—do you have to be tested
once a year for safety, environmental or regulatory issues?

A. The Ministry can sample any time they want. There is no set time or frequency for
this to happen.

Q. To whom do you send data on effluent monitoring?
A. The data for the water effluent is noted daily and submitted quarterly to the BC
Ministry of Environment.

Q. Is monitoring through stack or in the water?
A. Water samples are taken directly from the effluent pipe.

Q. Is effluent tested in tube or out in water? Are fish tested?

A. Continuous monitoring is conducted in the pipe. Grab samples are analyzed in
the CXY laboratory and also for specific items at an outside lab. Fish testing is done
quarterly under contract.

Q. Who monitors your monitoring? How often does that happen? Can you cheat if it
is only quarterly?

A. The BC Ministry of Environment receive compiled daily results at the end of each
quarter. Is it possible to fudge the numbers? Yes, but this is not only illegal but
unethical and would not be supported by any Canadian Chemical Producers
Association member company under “Responsible Care” guidelines.

Q. How often do monitors go off?
A. The fence line monitors go off about 2 to 3 imes per year. The monitors are
activated at 0.15 parts per million which is below the odour level of 0.2-0.3 parts

per million.

. Under what circumstances would someone smell chlorine? Would these be
picked up by a monitor? Could the smell go as far as Second Narrows?

A. The monitor alarms go off at 0.15 ppm. A large release could be obvious by smell
at the Second Narrows.
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Sterling— “Realistic Worst Case Scenario”

Q). How are the chemicals you produce used?

A. We produce an industrial salt known as sodium chlorate that is used primarily in
the pulp and paper industry as a bleaching agent. To a much lesser extent, it is used
as a herbicide and in the processing of ore.

Q. What would be your worst-case scenario?

A. From our 150 years of operating four plants in Canada, we believe that we have
had no adverse effects or impact on any of our neighbours or their property. As
part of our commitment to Responsible Care and our belief that everyone has a
right to know what we do, how we do it, and why we do it, we will, over the next
six months, be performing our most likely and most credible scenario. The results
of these reports and consulting studies will be available to the general public.

Q. Does [the product produced] taste like salt such that animals may ingest it? Is it
more dangerous to spill onto the ground or into the ocean?

A. Sodium chlorate has a taste similar to that of common table salt. It is suggested
that chlorate not be ingested. It may cause nausea, vomiting, abdominal pain,
diarrhea, cyanosis and/or anuria (urine shutdown). Chlorate may be fatal if
ingested in significant amounts (10 to 30 grams have been reported as being fatal in
humans). Sodium chlorate released into the ground has the potential to mix with
combustible materials and burn when ignited.

Q. Is it not a fire hazard? What if there was a fire at the plant?

A. To start a fire, three conditions are required: fuel, a source of ignition, and oxygen.
Sodium chlorate has oxygen and while burning will produce oxygen. It is only a
hazard if the other two conditions are present. In the unlikely event of a fire at the
Sterling plant, there is a documented and tested emergency plan which includes
the North Vancouver District Fire Department.

. Have the shutdown systems been tested?
A. All shutdown systems in the plant are tested regularly and, as a minimum, are
required to be tested at least once per year as per our corporate safety manual.

Q. Do you record incidents?
A. Yes, we investigate all safety and environmental incidents that occur at the site.

All such incidents are reported to senior management. If they exceed regulatory
requirements, they are reported to the various agencies.

Q. How many trucks of hydrogen peroxide per year will you use?
A. Two per month.



Q. What happens if it spills?
A. Hydrogen peroxide will react with organic material and dirt and decompose

rapidly.
Q. Is hydrogen peroxide dangerous?

A. Hydrogen peroxide is a strong oxidizer and corrosive. This product is non-
combustible, however it can cause ignition of combustible materials on contact.
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Long-term plans and benefits of CXY

Q. What are the long-term plans for the plant?
A. The plant will operate as long as it is profitable. There are no plans at this point in
time to shut it down.

Q. There was an article in the Vancouver Sun saying MacMillan Bloedel stopped
using chlorine. What is the future of chlorine products, and how will that affect
the manufacture of chlorine on the North Shore?

A. Very little of our chlorine goes into pulp and paper. Approximately 90% goes to
US customers for plastic products, water treatment, and bleach.

Q. What is chlorine used to produce?
A. Chlorine and the related alkali chemicals are ingredients in foods (additives,
ing, soft drinks), health care products (anesthetics, artifical joints,
bactericides, medications), consumer goods (antifreeze, ceramics, cosmetics,
deodorant, detergents, dyes, floor covering, perfumes, toys), to name just a few of
its uses.

Transport
Transport issues to be addressed in the Fall of 1997.
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CXY-Sterling Pulp Chemicals Advisory Panel
Minutes Meeting #17 - December 3, 1987
Canadian International College
2420 Dollarton Highway, North Vancouver

In Attendance:
Ellen Riley, John Billham, Nell McManus, Lorl Walker, Ross Peterson, Nell
Mort, Mike Riley, Bob McLeod, Nachiko Yokota, Jane Dixon (taking minutes)

2. Approval of Agenda - approved.
3. Approval of Minutes -September] 7, 1997 minutes approved
. CAP Member Update

(Mote - Let's add to the update a brief "preview”™ of the topic for the next
meeting to identify what information we want and suggest other resources.)

Gail suggested that we revisit our original plan for CAP members to serve two
yvear terms. This would be discussed further on in the meeting. Ross Muirhead
inquired if Cas had officially resigned from the CAP. Lori replied that il was
her understanding that Cas was limiting his involvement due to other
commitments but still wished to be involved in some meetings and "kept in the
loop.”

A copy of the Chlorine Instifute’s pamphlet #74 on chlorine dispersion has
been ordered and an updated version should be avallable in the new year.

John will supply and discuss overheads on dispersion prepared for a
presentation to the Roche Pointe Community Assoclation. Pamphlet #64
“Emergency Response Plans for Chlorine Facilities” is avallable from Lorl. Ross
Muirhead inquired if the testing of sour gas dispersion in Alberia was based on
modeling (it was). Ross Peterson mentioned that there was a Ph.D. student at
UBC who attempted to model actual dispersion of released gases in the
atmosphere using the Maplewood area of North Vancouver but found it difficult
due 1o the complex micro-climate of this area. Neil McManus asked about
studies on carbon dioxide in the area and the migration of exhaust gasses,

Ross P. suggested Ken Stubbs from the GVRD would have that information if it
were avallable.

Future topics - please think about questions and possible speakers

1) chemical facilities on the North Shore and risks in conjunction with other
facilities {including risks associated with fires).

2) Personal emergency preparedness

3) More information on emergency response and sheltering eg. chlorine
exposure to individuals in cars and on the street, high pressure gas mains.

4) Municipal Plans, Official Community Plans and plant

5) Responsible Care - What 1s it all about?

6) other CAPs - how do they work?



5. CXY Chemicals Update

There was no new information on CXY's court case which is waiting for a
preliminary hearing in the Supreme Court of Canada. Regarding rezoning, the
district staff are putting together a report for council which will include the
guestions and answers to inquiries made at public and community meetings.

A public meeting is expected in late February. Ross P. said that staff preparing
the report are currently awaiting answers to some questions from the
consultants involved (Bovar, A.D. Little). Report will cover QRA, rezoning,
bridge use, and Tolko site. The decision may be referred to the Seymour official
Community Plan Review. John stated that CXY may step out of the
rezoning/realignment if this occurs because such a referral could delay the

decision by another two years. The process began six years ago.

6. Sterling Pulp Chemicals Update
Sterling has undertaken a risk assessment which is being coordinated by JBF.

Bob Is awaiting the results (the auther has been 1ll).

7. N&W Van Emergency Program Update

Ross Peterson attended the annual MIACC (Major Industrial Accidents Council
of Canada) meeting in Toronto and wished us to know that there is a growing
dissatisfaction with risk assessment procedures which do not accommodate the
views and concerns of the public. Ross wrote a briefing paper discussing the
need to address this omission in a formal way, which could form the nucleus of
future risk assessments. In general, there is some shift in attention away from
mathematical modeling approaches more towards gualitative approaches. For
example, This could mean an expanding or formal role of CAPs. Tools such as
fatality contours, while useful in planning for emergencies and understanding
risk, are not necessarily what the public want. Other expressions or ways of
understanding of risk are often sought. Quantitative risk assessments (QRA's)
alone can put municipal councils in a difficult position. Results of QRA's may
fit MIACC's guidelines for risk acceptability but not necessarily the publics’.

Ross has also made a request to MIACC for any research or information they
may have regarding the use of general alert siren systems and telephone and
siren systems used in tandem. Ross will pass this onto CAP.

Ross Mulirhead asked Ross if there were Answers to the Questions (from the
public information meeting on CXY's QRA) he forwarded with the last set of
minutes. Ross stated that those would be included in a report to council and
shared... Ross M. also inquired If the approval of rezoning meant the approval
of the risk assessment. Ross. P. responded not necessarily. For example,
zoning could still be based on more conservative criteria than those used in the
MIACC guidelines.



7. Discussion - Action Items for CAP: Achieving our objectives

Lori initiated a discussion of how CAP members wished to proceed in achieving
the objectives we originally sel out for ourselves. We started by loo at the
objectives and discussing if they still fit. We discussed whether we ed to
try to achieve group consensus on issues arising in discussions, and offer
recommendation or be primarily a vehicle for information exchange. The
importance of having different perspectives, representing the perspectives of the

community was recognized.

The mission of CAP was identified as follows:

1. ldentify Issues of concern and importance to the community

2. Provide information to the community

3. Provide information to the company sponsors and municipality
4. Improve community safety/ emergency preparedness

5. Represent community

With respect to accomplishing these goals, other issues were identified. We re-
evaluated the need for the two year term that we had originally set for members
and decided that given the amount of time and effort that it has taken to
acquire the background knowledge we have, it would be unfortunate to start
from the beginning with a new group. The need to stay fresh, relevant, and
representative was also recognized. It was felt that this could be accomplished
by welcoming new people Into CAP as we went along. Individual members may
decide to step aside when they see fit. Another ty 1s that there are a
limited number of people interested in participating. A discussion of our
representativeness led to the identification of a youth member, Ports Canada
rep, city planning rep, and OCP rep as possible new members. Lori will follow
up with the principal of Windsor High School for a youth member. We should
consider how to assess how well we are representing the interests of other

community groups.

We discussed the need to recognize the role members wished to play on CAP.
While some view their role as encouraging the exchange of information among
Involved parties, others see their role as "walchdog®. Both roles are essential.
We also act as advocates for public involvement processes. The need to make
time for CAP members to discuss issues was identified as important, as is the
need to discuss possible resource people and the Issues and questions we want
them to address.

John and Bob were asked if the CAP is fulfilling their information needs. Bob
stated that Sterling is there to identify what the community wants to know.
John shared this position, and said that CAP members should be the ones to
identify the issues to be addressed.

In considering the task of getting information oul to the community, we talked
about the need to identify who it 1s we are communicating with and the special
challenges of reaching particular groups. For example, Lori said that she was
initially unsure about how to involve First Nations people close to the plant.



Ross P. suggested reaching the “uninterested” was a huge challenge, but
nonetheless an important step if CAP is to truely be representative of the
community. Gall suggested we may have to think of different ways to reach
different %:;nups. (Suggestions are noted on the "Achieving Objectives”™ work
sheets following the minutes).

During a discussion of how CXY communicated with its neighbours, Nachiko
asked about Neil Mort's experience at Canadian International College. Neil
said that instructions about whalt to do in the event of a leak were designed
and are included in the yearly orientation and in the handbook. Mstructions
are also reviewed with students. While initially uncomfortable about a '
possible accident, a "matter-of-fact”, a proactive approach has been taken by
the college and has been received fairly positively.

The issue of Hability when/ if CAP members do presentations was raised. It
was agreed that we would design communication material together to assure
accuracy, beginning with a “homework assignment” to identify what should be
communicated (please see page following “Achieving Objectives™).

There was also an inquiry about why other North Shore chemical companies
are not participating in the CAP. John responded that only Dow is a member
of the Canadian Chemical Producers assoclation and are not involved in the
Responsible Care. Ross suggested that broadening scope may be beneficial to
the municipality. John also sald that the Mohawk plant manager had offered
in the past to speak to the CAP whenever requested.

8. Next Meeting

Transportation of Hazardous Products - With Terry Litchfield, Manager,
Transportation Logistics, Jim Muirhead, Sterling Pulp Chemicals, Ross
Peterson, North and West Vancouver Emergency Program and Doug Kittle,
Transport Canada Hazardous Goods Officer

Date - FEBRUARY 4, 1998 5:30 PM Canadian International College

NB Please contact Lori with specific questions or other suggestions for
speakers.

9. Meeting Adjourned at 9:00 PM
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MAIL B0}
Gas plant could he

good for H. Sound

Diear Ediror:

Re: B.C. Gas Southern Crossing Hearing

It ix disgressing for our awsociaton to read
the comments of the mayor of Lions Bay in
our bocal media which, in our opinion, grosly
misreprssent the West Coast LNG
ﬁnhtg. d for McMNab Creck and :ﬁ:

the Sunshine Coast Regional
Dum Itu-:-urund-:rmndmg that Lions Bay
has made similar representations to the com-
misson at the above hearing,

[r is equally distressing 1o learn thar this
hearing has become, not just an evaluatgon of
the Southern Crossing proposal, but rather an
evalatipn af all to fupply patwral
g5 to the Lower Ihmhnd.

Had our asso<iation been aware of the real-
ity of this situation, we would have participat-

as an intervenar in the process and made a
significant presemtation. Perhaps fe is ouer Evex-

rience with regaed to the B.C. LUtdlides
mnasseon that is o blamee,

West Coast Gas has recently made 2 major
presentation on their project 1o our associa-
von, They have answered cvery one of our

ueEsone oo fore t and honest manner,
hawve provided ed wechnical infor-
mation with ct to earthquakes attribueed
o the i‘: ste which revealed ehar
nanie of the recent guakes were remotely near

site,
'IE‘mPE'“ﬂu Gas peeds
ing chan
Dhszric. Even though this i 2t a very prelimi-
nary stage, West Coaust Gas has demonseraced

that iz withes to become aresponsible
in wrmmmurqu. Noae of the other campet-
LFrnwm or mdeed the onginal applicant
itsell, B.C. Gas, b even bothered to contact
ummﬁlamhll:: alone provide us with any
in ation ar -:Iq,mqmd an their proposal.
Our frm on this hearing can be
summed ap ths: if the commission i po allow
the evidence or represeniations of Lions Bay
to remain on the record, then we should be
allowed 1o make 3 presentation, and that we

and zon-

froem the Sunshine Coast Begional.

should be gmlh:nmemd OECEs-

o e e ot

al will generste fmmediate construction
for the commuendty, create a limited number of
long-term, g:nud-plﬂng.. openting jobs, and

minst impatan sina new tax
TCVERLES IO oar ments,

To have the decision-making process taint-

l:zth: ranting of Lions Bay's mavor is inex-

le and in our np'mm'l..' indcfensihle.

The msue of Lions Bay's mayor misleading
the public as wo the 's safery, when her
only read concern is that her view may change,
H 4 matier that ghe will ke _pu'l:ﬂlr_l:r keld
accountable foe.

We have not interfered in Lions Bay affairs
when they constructed the of all pub-
EBc eyesores, cleady visible from the Sunshine
Coast, which significantly destroys the spectac
ﬁ scenic beaury of Howe Sound l:lcuuuﬂ;t

1ze thas is 2 l1‘|-l.'-i.1'I-T ﬁ r
::_u‘l'unurlll.‘]l"'! 'th&d.w “-E“

Etgrﬁuﬂvrhcmrﬂrnfhmﬂwhunm
taken the time, 45 we have, to learn the facts of
the project. If she had bothered o do so she

2 iegtiia W poeEt. e Regens
wi o ferm
ﬂnml:ﬂu and rpr_l{ful:lmpw.idmt O -
nity impace far carweigh those concerns, and
thus the project be allowed to procesd
through the next level of the regulatory

processes.
We would respectfully sugpest that the
:mm]ﬂmhnm:h:ﬂudtu'tuhudﬂdm
a mistrial, and hold a new hearing m
informing the pablic what is o be
and what s af sake; or nd the current
hﬂnnglhmdlhwimﬂ d [ suspect,
many l'-"#“'-'? OppOrTUmCY 0 prop-
in the he

erly anng. .
would respectfially ask that the commis-
sion rule on our request forthwith.
Bob Jones
E; i Community Assoclation
i



GVRD criticized for
opposing gas tank
Residents of the Sunshine
Coast aren't “a bunch of hill-
billies" and know how to de-
cide what constitutes a safe-
ty hazard to the public.
With those words, Patricia
Baldwin, chairman of the
Sunshine Ecastre?nnal dis-
trict chastised GVED offi-
cials for opposing construc-
tion of a liquefied natural
tank at McNab Creek in
e Sound.
. Ealn:liﬂg said the GVRD
um in oppo
the tank farm, which s be.
ing proposed by Westcoast
Energy as an addition to the
Vancouver Island natural

gas pipeline.

Tgesmnge facility, which
would besit%]m:éidin SCRD
territory, n provin-
¢ial regulatory approval.

peEC (5197
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Sound test

T first glance the testiness in  Southern Crossing project, a pipeline
Lions Biy and vicinity over book-up to Alberta gas for B.C. cus-
lans to build uefied tomers.

iy On the Sunshine the

Nawural Gas (LNG) storage plant Coast
across the way on Howe Sound sinacks Westcoast development would be a
of the ofil NIMBY syndrome. good thing in some quarters. The pro-
Westcoast Gas Services Inc. proposes ]Dﬂwu'nld.r::lﬂhnnﬂn:hu&'nm-
the largest such facility in North struction jobs and an eventual 14 full-
America on a site approximarcly 7.5 time jobs once completed.
kilometres inland from Howe Sound at ~ Across the water, however, there's
McMNab Creck. eoncern about visual pollution, earth-
to government approval, the quake hazard and questionable devel-
Plautwilh.r,dmgmd llqu'-'Fr opment thrust for the

up to 16 million cubic feet of This issue is a test, The fiolks in
Up to three billion cubic ]hunﬂymﬂji‘ltm : a ruckus.
could be stored at the site, The heat will to life a process

The tank will be 74 metres that should be taking place at the

wide and 52 metres tall — a massive grassroots level. The future of the
structure. LNG stored at the site will be  Howe ion

taken from gae fields in northeastern mined now: Is it a leisure playground?
B.C. Westcoast’s intention is to i Is I i i
a competitive alternative to the BC Gas  be both?
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Ammunla actions appremated

Dear Editor: pEC I f 97

On Thumsday, Mov. 27, the Morth
Vancouver Recrcarion E-nmmi.m'm CXpEr-
eaced an ammonis leak ar the Lonadale
Recreation Cenrre.

The leak required ws to evacoate the build-
bng just after 9 a.m. Approximately 200 of our
clients, many in fimess appasel, were warmly
we].:-nlllcd st Silver Harbour T wﬂ.
the children from Lonsdale clementary school,
who were downwind of the i WELE
evacaared o our Ddbrook Kecreation Centre.
Tﬂf upper partion of the l..i:rlulil'l: ity corri-

We alfer our siacere po all the cit-
izons of t:hmh "l.lg-nmunr whio had their daly
PJIII‘EII:L'I ra

W wnuH.EJ{;'.n ke 1o expaeis our thanks o
the stafl and voluneers of Silver Harbour
Manor, the RCMP, the Uity Fire Department,
Emergency Social Services, City Saff, E'C
Transmt, Morth Shore Healch, B.C.
Enviropment Canad L.nu:d.:.le
crar ovn 313, all of whom
cendy wo the emergency situanon,
Maurcen Curtis

Scheawal :hd
ed magnifi-

Chairman
Worth Vancowver Recreation Commistion
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micheridnmer iem Amcsment Dffice Uhrilitics
steam over plans for LNG Cominton. To g thavegh the regutoey hacge, Wistsons
WHSr"!,fmmliwf Par Boname and [ -.r . H s b thes Er:prnl spproximatcly $1 wmilion on third-pany con-
Lions Bay Mayor Brenda Broughton share storage facility in ound 'Twhmﬂmﬁ" e
i mmdﬂfﬂrhm:n the water snd away from Lions Ba -:d“wnrrn.tdriﬂ-ﬂn— relations war, m'u:ln'unrnl'l'lu'“gpmn.uu:
uake and a Hiroshima-scale natural ﬂuﬂﬁhmhmﬁuchm“h:anmnw the Wessomn fuciny poset 3 scricas ik 1o the well-being
e Weestooast wouild Bke to build sn LMG sborige tank 74 mectoes  of Hovee Sound retdents,
gas cxplosion in the Howe Sound area. {243 ficct) wide and mo more thae 52 meres (170 fecty mll. The  Virkuil Commmnicasions Inc. spins Brougheon'si3
The wource of this hellish vison: Weoaeoas Gas Sorvics Ine.  tank may be fimed with foar white aireraft warning steobe g, p-:nwmh:mrdummmuf‘wimq-mmx“
proposcs. b0 comstruct and operate a l.l'h.nﬂp“'..'l‘ﬂ]l it would be usod o stone seturl gai dinng spring, wmmor m,p.;mg:ma. “Dhvid and Caodiath- taite™ g -
:;:# i e Sumshine Coasr i Dhisrict near the  and fall months. Ini the wanter, prak demand, the ity Jlﬂmﬁhﬂmuﬂﬁmﬂmz
Guver

would b able oo supply up o 300 cubic fer of gas dally, ll;h oaher side of the bsuc, an mﬁzmﬁﬂﬁ*#
mummnniﬁ;nﬁwﬂr %mmmmﬁmmw n
7.5 kilometres inkend from Howe Socusd, 20 CONS ENHCGPAlcs 3 CORMESCHon st cady next year oo St Emergy page 1
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Energy company
answers critics
of storage plan

Frampag 1

wided by Wesooast Saper, it eavirenment and
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NORTH & WEST VANCOUVER EMERGENCY PROGRAM

Memorandum

To: Irwin Torry — DNV
John Bellham — CXY
Terry Litchfield = CXY
Jane Flemming — Canadian Oxy
Elizabath McDonald — ASL
Stewart Behie — Bovar
Bob Schubak — Hooley & Schubak
Morman Stowe - PACE Group
Brian Stegavig — DNV Fire
Lori Walker — CAP Facilitator

From: G. H. Peterson
Date: October 14, 1987

Re: Open House on Chemical Risk Assessment and Land Use Re-zoning

Cwerall, | don't think that we did as good a job as we should have in the area of
chemical nsk communication to the publfic.

| have since writlen to MIACC on the need to expand risk assessment
procedures to incorporate more public invelvement in the detemmination of public
sensitivity and concems, with the hope that in future, risk assessments can
include or be directed towards those issues of concem lo the public. | suppose a
simple way to put my views is to say that risk assessment is not the same thing
as risk communications and risk assessors are not necessarily risk
communicators, although we often ask them to assume this role as what seems
to be a logical exiension of their assessment work. | contend that in some cases,
this may not be appropriate or fair to the risk assessor.

These suggestions do not in any way criticise the good science that goes inlo
quantitative risk assessment and other technical studies associated with risk,
such as seismic engineesring work, elc.



My suggestions refer instead to what | feel is a lack of follow through in risk
assessment or what should follow the QRA or Responsible Care audit in terms of
a meaningful discussion with the public. After all, much of the nsk being
calculated is public risk.

It seems clear that if one objective of risk assessment is public release of
information to satisfy the principle of the publics’ right to know, then to make this
most meaningful, the public should be asked what kinds of things it wanis to
know and this ghould ideally take place before the assessment in order that as
many concerns as possible are addressed by the process.

This brings us back to the September open house.

There seems some unpreparadness to provide information on what some people
wanted 1o know, even though some of these questions had been asked before.
In other words, there were really no surprises at the open house, but the public
didn't always get the kind of infermation they were asking for. For example,
guestions 108, C and D and questions 204, B and C refer to a public interest in
simpler infermation such as plume size and direction, and gas concentrations.
Also, guestions 10A, 1 and 20A, B and C refer to the general issus of sub lethal

affects.

| don't think the public was lolally satisfied with the answers provided to these
guestions. Although Elizabeth McDonald provided useful infermation on levels of
harm from chlorine, we weren't able to fellow this up with plume figures or
contours of projecied concentrations showing where these harmiul levals might
be found. | acknowledge that there was a get together following the evening
meating whera Stuan described some of the possible plume behaviours; but in
my view, this should have been a central feature of the risk assessment
description. In saying this, | acknowledge that the QRA itself was not designed
to provide this type of information, bul to satisfy the informational requiremenis
for the MIACC land use guidelines. However, this guideline Informational need is
nol the same as the publics’ need or desire for information. This is the whole
poinl. Let's find a way to provide the information that the public wants and orient
the whole process where necessary lowards providing it.




CANOXY - Bylaw 6762

September 23, 1997 Public Information Meeting

PUBLIC QUESTIONS/COMMENTS ANSWER
wmﬂm of chlonine emissions/spillts (low levdl basis around plant) &nwxﬁﬁg
a)  why nol put In monilor?
bl  concom with inequency of moniloring - regular vs. annial?
a)  whal about iralfic by Maplewood Pub, elc. - affect on patrons? :j'
b}  how does Iraffic inferact with CXY, recycling dapot, etc.7
€]  whal about rafiroad tracks?
d)  Maplewood not n favour of one-way: prefer o keap Riverside
open.
Concem with CXY reporfing spills - ;{M -
a) whal ara the requsnsmenisiregulaions? }4%
- b) nhh;twﬂhhd‘.nmrmhhmmﬂ-ﬂﬁw
€}  whal about effects of spill on other sida of inlet; specifically,
systems for alerting residenis?




In the event of a chlorne releass
a}]  how should the public react in event of a chladne releasa, ie.
whal about shellering, those in vehicles, best advica?

b} il concentration of gas does get high (in your ‘shefler’), how da you

profect yoursell?
¢}  what is the responsibility of other employers in the area (ofher
than CXY) for iraining employees lor an emergancy?

fera falAedn

Dollarton realignment

a)  whal is the benafil?

b}  why nol expropriate CXY land for tha highway?
gl  whal came firsl - business park or realignment 7

. —
T ;i-—-!'ft;;/
F

How sale are the valves on the rail cars?

:j.ff:ﬂf _iz’éz?;;r}"

a)  are the tvo GO0 lon tanks 36l in place and shlf in use?
b)  would the tanks be used again & why?
c)]  whal would ba the risk?

We should develop better egress into the area belore more
dovelopment, such as another Seymour Crossing, 3rd crossing,
dedicated lanes into Cove to avoid bridge e ups. 1s thone resideniial
development plannad for this anea?

el it Lottt

Diesnivee e iy TS



a)  whal Iz the present zoning for CANOXY?
b would a business hconso be approved loday for this plant?

Zei iy

a)  what are the health sects of exposure to chiorine? _———-—*""JF"WEHIW

B  why have wa not studied (and presentad) farmalion on
ichioring woukd disparse in a releasa and whal would bo the
concenrations in different areas (as identified on the map)?

¢)  canthalbe depicted and lusirated clearly?

dj  why Is that nol here fonight?

a)  whal gons on down at the plant during an incident?

)] what ks the Corporate responsa?

ot Settlaur

.

Has risk assassmeant included a scenario invaolving explosion from a
propane storage on a neighbouring site or in transit through the area?

A MW/WM

12.

Concem with integrity of workers. Al indusinal users could gel oud of tha
area and leawve residents in peace. It would make a greal park.

A .ﬁﬁw/;kﬂf Lyt

13,

Sale workplace - worker leels nfarhﬂuplmf"'i}m deiving down ME,
Seaymiour Parkway.

i il en umeenie Wt e .fpﬂ&ﬁﬁr iV {.W

-

g)  whaliodo when there is a chemical spill?

b)  whal about an eanhquake scenario - when windows may be blown A’W/jﬁwm

oul?

2SS




15.

age

whao will benafit from the business park?
are thers

exsting stalt from outside the community ?
hmmﬂrmdawhpmﬂmwtdm‘f

has it been laken into consideration thal new businesses will bring

16. a)

how do risk assessments diler lrom this community and, for
exampla, Seattia?

what about the role of the EPA or olher raguiatory bodies?

Lasor Kondoses

ir.

whal Iz the differenca batween public mestingshaarng?
Is Council here 1o make 3 decision on anything tonigt?

18.

Would the District expropriate privale residontial lands to make way for

what ara the different elecls of injuries and the costs of modical
care?

are the eflects parmanent of reversible requinng expansiva
Irgatmenis?

- s
19. a)  whatis the cost of reafignment 7
b)  have oplions been considered, such as overpass and make [,ﬁ;ﬁl Mw
improvements 1o the existing Dollarton? ~ j/
20. a)  whatls the rafio of fatafilies to injurios in chemical exposure
incidents?
b)

Z A o Lol

PR
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a)

ptl:pmmu lor razoning has baen undermined by work to dale

mmmmmmmmum
follows: phase 1 - bridge; phase 2 - rlaﬁ;nrll:-rﬂ phase 3
devalopmeni of Business Park/CXY sile

%7%&%%

a)

wihial is proposed lor CXY if rezoning does nol proceed?
what are the differences betwaen existing and proposed zonings
for CXY land?

Taerim %"—""7’

ag5s

whal are the lectors around risk contours ending at rail ina T
would stall approve tha sei up of this operation today?
why nol work with CXY o phase oul oparations?




How could the District spend money on the realignment before the public

wﬁwf Caclle

hearing?
3] Bter o e ol i ot Pk st | oY ol /uiw /ﬁmy
¢}  what does it maan in a nutshell?

a)

would stalf recommend use of MIACT guidelings in fulure Land
use planning?
ks thene a frame of reference lor ow density™?

Zﬁﬂﬁry

2

a8 g

chiaring iz nel benalit 1o society, bul why ship 17 Produce and
usn on same sie, as in Europe,

don'l sea margin of emor confidence identified in report, Have
obscured risks (helicopter crash, sabotage) been considered?
is community comioriable with hese risks?

would you put a plant such as this in this location foday?

sl il ot By

ze

how many people were laid ofl when Squamish plan! closed?
why not keep it open and close North Vancouver?

\,ém/@‘:ﬁaw7

g &

whal are the long lerm plans for the surrounding araas (Pon
lands, International Collega, ebc.jeast and wast of the TXY sia?
All will produce traffic.

Learn /2:7

s e e S
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Corrie Kost

October 28, 1997

Mr. Irwin Torry

Manager of Planning

District of Morth Vancouver
355 West Queens Rd.

Morth Vancouver, BC, VINZK6

Dear Mr. Torry,
Re: Question about CXY's QRA & Arthur D. Little Report

There are a number of issues that still concern me about the risks associated with the operation of
this Chlorine plant.

1. Since insufficient details were provided in any of the available documents in order for me to feel
comfortable that the various chlorine release impacts have been done properly, T have requested
that Pamphlet 74 be made available. This pamphlet, estimating the area affected by a Chlorine
release, provides colour graphs showing downstream chlorine plots at 25 and 10parts-per-million
(ppm) for 14 different scenanos. This would enable me to cross-check the validity and
conclusions of the models which were reviewed in the report of July 4/97. [ was informed that
Pamphlet 74 (currently in revision) would be sent to me in about a month, 1 trust I will be given
the appropriate time so that I can put forth an informed decision on the matter of the validity of
the quoted nsk assessment.

2. In conjunction with the above [ should like to submit for the record (and have it verified by the
appropnate experts in this field) the calculations illustrated below. The question as to what was
the maximum area that could be covered by 300tons of vaporized chlorine (say to a height of
3meters above ground level) at the lethal dosage of 1000ppm is one worthy of consideration. I
have calculated this to be about 30 km®. The calculation was done as follows:

300Tons ~3*10" gms

Imole of CI* (ie. — T0gms) occupies 22.4 litres in a gas state at STP

300Tons thus occupies a volume of 22.4*3* 10" /70 litres

Diluted in volume to 1000ppm would expand this by 1000 and since 1m® =1000lkitres the two
factors cancel nicely to give a volume of 22.4*3*10°/70 m*

Dividing by the height of Imeters gives an area of 22.4*10°/70 m” ie. 32*10°m’ ie. 32km®

. . | + . c . | g A AndMone
J?’L'I:I-I\-E. .— A4 H""- ph‘_ s ""..d"".ﬁh dar |:'-I.J. "III.E- S0 Ty -"‘l-h-"""i"" -:::k' = :‘.L:'rl'f-‘ 1 » }:. e a,
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Now one can readily generate the following areas for different densities (ppm)

Parts-Per-Million HEIGHT {meters) Area (km*)
1000 3 32
1000 10 9.6
1000 30 B
300 3 107
300 10 32
! 300 30 10.7
l 100 10 96
100 100 9.6
10 10 960
10 100 96

It would hc in.f'nﬁmtive to know t_hu mortality rates/times for these proportions(ppm) as well.
If you need further clarifications on these calculations please don't hestitate to give me a phone
call,

3. In attempting to understand the factor of 10 reduction in the risk assessment from the previcus
report I have come to the conclusion that, since the earthquake risk multiplied by the volume of
Chlorine stored on site form by far the major risk components, and that since the Earthquake risk
remains unchanged, and the volume has been reduced by a factor only of 5, I am unable to
understand where the additional factor of two (to account for the 10) came from? Could I have a
SIMPLE explanation for this please?

I trust the answers to the above will help the public understand the risks associated with this plant
and allow for an informed debate on the matter when it is brought before Council.

Yours truly,

Corrie Kost

Mistrict\canoxy'\le281097 sam






5.

There was a lot of discussion at the September 23rd Public Meeting (in the afiemoon) of
taking shelter at home during a chlorine spill. Apparently one has a good chance sunviving
a chlorine release by siaying &t home. This was confirmed by the different experts present.

It was also suggested that a large breach of the 300 ton storage tank would probably only
occur during a large earthquake. [ is also well known that the home 15 ofien not a safe
place 1o be afier a largs carthquake (gas leaks, falling beams, after shocks elc.). A home
without windows wouldn't provide much of a shelter from the chlonine cloud anyway.

Was the above considered when calculating the Risk Assessmenis?

Calculations on the “Estimated Consequences™ of a chlorine spill would be more useful
than the Risk Contours, Estimated casualties from chlorine mhalation under different
scenanos considening the populations residing in the effected areas and the atmosphenc
conditions a the time, ¢.g. Large breach of the 300 fon storage tank, a 1 m's South-West
wind, large earthgquake (most homes would be damaged) the estimated casualties will be x.

Repest the exercise for a large breach without damage to homes, etc.

Different atmospheric conditions should also be considered g wind directions and
wind speed.

It could also include a scenanio projecting estimated population in the effected arcas in
the year 2012 (in 15 years).

If a chlorine spill could be attributed o an act of God (e.g. a large carth quake) who will
be held responsible 1o pay for the damages, clean-up, efc.7.

The BOVAR report on Risk Assessment is impossible 1o evaluate wathout some
undersianding of what risks were identified and also the estimated frequency of
occurrences and estimated consequences. Could these figures be presented in a condensed
formal?

Yiours
Cas Bohlken

cc. Ross Peterson, North and West Vancouver Emergency Coordinator.
cc. Come khost, FONVCA
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THE CHLORINE INSTITUTE, INC.

THE CHLORINE INSTITUTE, INC.
2001 "L° Straat, N.W.
Sufte 506

Washington, D.C. 20038
{202) 775-2790, FAX (202) 223-7225
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EMERGENCY PLANNING AND RESPONSE

First Asd and Medical Management of Chlorine Exposures, Edition 5, May 1993,
Pamphlet 63 Gives recommendations on first aid and medical management of chlonne exposures.
(6 pages)

Members $2.50 Mon-members $5.00

Emergency Response Plans for Chlarine Facilities, Edition 4, November 1995,
Includes information essential to the preparation or updating of formal, written
ANIpOE oS emergency control plans applicable to chlorine-producing, chlorine-packaging, and
chlonine-consuming facilitics. (41 pages)

Members $12.50 Non-members $25.00

Personal Protective Equipment for Chlorine and Sodium Hydrosade, Edition 3,

P pr MNovember 1993, Provides information pertaming 1o certain persenal prolective
Spch equipmcnt uscd in the manufacture or handling of chlorine and sodium hydroxide.

(34 pages)

Members $12. 50 Non-members £235.00

Atmospheric Monitoring Equipment for Chlonne, Edition 5, May 1991, Discusses
Pamphlet 73 experiences of CI members with monitors and technigues involved in installing a

successful chlorine monitoring system. Provides listing of known monitoring
equipment vendors. (41 pages)

Members $15.00 Non-members $30.00

Estimating the Arca Affected by a Chlorine Release, Edition 2, February 1991,
UNDER REVISION Provides color graphs showing downstream chlorine plots at 25 and 10 ppm for 14
(Edition 2 available for | different scenarios. Useful for small producers, users and local emergency planning

sale) Pamphlet 74 committees for planning purposes. Three ai heric conditions are shown for each
scenario. (32 pages) h

Members $17.50 Non-members $35.00

Flyer: How to Get Help in Chlorine Emergencies. Card outlining the CHLOREP
CHLR-1 CHLOREP program and giving telephone contacts for the CHEMTREC (US) and CANUTEC
(Canada) summoning systems. (Available in French upon request)

Fres

CHLR-2Z CHLOREP Flyer: What is CHLOREP?

Free

Iaf2 AR 33,5051
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ﬂl'ul.ll'n I.iﬂh Environmental, Health, and
Safety
Arthur D. Little, Inc.
i Eg E@%HW} ) Acom Pack
i e L D Cambiidge, Massachusotis
e L J 02140-2390 USA
15 1997 Direct Nueribor {1) §17.498.6120
Main Number [1) 617 4085000
mi;#ﬁ NNING DEPT, Fax (1} 617.430.7161
Fax Transmittal 1T UF N. vAN
To: Irwin Torry Company:  District of Morth Vancouver

Date: October 15, 1997 Fax Mumber: G&04-0B4-B664

Fram: Location: !

Total number of pages (including cover): 1

Inwin —

Here are my responsas to the two questions you sant,

Comie Kost

l'am not aware of any fallures of similar tanks in recent time. Historically, thare have been repored
losses from chiorine storage tanks, although without specification of tank design or size. For @ @,
thera were incidents In France {1826}, in York (1929), in Romania {1933), and in Finland [1947)
that all reportedly involved 25 to 30 tonnes of material, There was a release in Louisiana in 18786
followang an explosion, but no quantity was provided. The design, size and condition of thesa tanks
is not discussed in the data tabulation.
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CXY chemicals

CHANGES TO PLANT OPERATIONS
CXY CHEMICALS, NORTH YANCOUVER

On-going Improvements as Part of

Responsible Care
1994-1997

1.  Significantly reduced (75%) chlorine stored in fixed tanks on site.
— From 3 tanks to 1 tank.

2.  Relocated propane storage away from operating plant.

3.  Stopped shipping chlorine in fixed tanks on the barge.

4. Introduced a more accurate method of forecasting distance and
concentration of a chlorine plume if a leak occurs (SAFER System).

5. Increased the number of chlorine monitors on site.

6. Added a back-up generator for monitors to ensure emergency
systems work during a power failure.

7.  Donated Community Alert Network System to the District of North
Vancouver.

8.  Upgraded chlorine piping — shorter runs,

Seplember 15997



Resource People for “Question and Answer’ Period

Irwin Torry

Ross Peterson

John Eillham

Jane Fleming

Stuart Behie

Lisa Bendixon

Terry Litchfield

Gerry Carlson

Bob Shuback

Manager of Planning, District of North Vancouver
- provides planning advice to council on land use and
zoning issues.

Coordinator, North & West Vancouver Emergency Program
- Undertakes planning with the municipality and provides
municipal emergency response (o accidents, including the
Community Alert Network.

Plant Manager - CXY Chemicals, North Vancouver
- Responsible for plant operations, in particular, plant
improvements since the 1994 Bovar QRA study.

Land Manager for Canadian Occidental (CanOxy)
- Managing CanOxy's rezoning application.

Bovar Environmental - Operations and Safety Management
- Responsible for risk assessment group that conducted the
Quantitative Risk Assessment (QRA) and update.

Principal, Safery and Risk - Arthur D. Little Consulting
- Responsible for the peer review of Bovar
Environmental's Quantitative Risk Assessment.

Transportation Manager - CXY Chemicals
- Responsible for transportation of chlorine and rail car

safety.

District of North Vancouver
- Undertaking planning of Dollarton Highway, Bridge, and
Riverside Drive Intersection improvement.

Structural Engineer - Hooley & Shuback Lud.
- Conducted structural assessment of chlorine storage tank
under earthquake (seismic) loading.

Elizabeth McDonald Manager, Occupational Hygiene, Analytical Services

Ken Stubbs

Nimet Alibhai

Laboratories (ASL) Lrd.
- Works in area of health effects of exposure to chlorine.

Administrator, Monitoring & Assessment, Air Quality
Department Greater Vancouver Regional District (GVRD)

Officer - Air Quality Control
- Responsible for regulation of CXY air emissions



Resource People for *Question and Answer’' Period

Irwin Torry

Ross Pererson

John Billham

Jane Fleming

Stuart Behie

Lisa Bendixon

Terry Litchfield

Grerry Carlson

Bob Shuback

Manager of Planning, District of North Vancouver
- provides planning advice o council on land use and
zoning issues,

Coordinator, North & West Vancouver Emergency Program
- Undertakes planning with the municipality and provides
municipal emergency response to accidents, including the
Community Alert Network.

Plant Manager - CXY Chemicals, North Vancouver
- Responsible for plant operations, in particular, plant
improvements since the 1994 Bovar QRA study.

Land Manager for Canadian Occidental {CanOxy)
- Managing CanOxy's rezoning applicaton.

Bovar Environmental - Operations and Safery Management
- Responsible for risk assessment group that conducted the
Quantitative Risk Assessment (QRA) and updare.

Principal, Safety and Risk - Arthur D. Lirtle Consulting
- Responsible for the peer review of Bovar
Environmental's Quantitative Risk Assessment.

Transportation Manager - CXY Chemicals
- Responsible for transportation of chlorine and rail car
safery.

District of Morth Vancouver
- Undertaking planning of Dollarton Highway, Bridge, and
Riverside Drive Intersection improvement.

Structural Engineer - Hooley & Shuback Lid.
- Conducted structural assessment of chlorine storage rank
under earthquake (seismic) loading.

Elizabeth McDonald Manager, Occupational Hygiene, Analytical Services

Ken Stubbs

Nimer Alibhai

Laboratories (ASL) Lrd.
- Works in area of health effects of exposure to chlorine.

Administrator, Monitoring & Assessment, Air Quality
Department Greater Vancouver Regilonal District (GVRD)

Officer - Air Quality Control
- Responsible for regulation of CXY air emissions



Arthur D Little

Arthur DL Little of Canada Limited
&7 Yongh Stmat, Suite 400
Todonn, Oalaca

MABE 1.8 Cangin
October 16, 1996 o1} $Aitad: 10

L. Irwin Tormy

Manager of Planning

The Corporation of The District of North Vancouver
155 West Queens Road

MNorth Vancouver

British Columbia

VTN 2K6

/

Be: ADL Reference Mo, 30728

Dear Mr. Torry:
Arthur [, Little of Canada Limited is fleased to sulymit of our
independent review of Canadian O itative Assessmeni

tal, and submitted in

August 1994, The District of North Vancouvehng quegted thid independent review of this
nisk assessmicnt report in part because important diggifctiogh in zoning will be based in
large part on the cmuct-dmt p acement of the risk contougé and the proposed realignment

of the Dollarton Highway” PIeTefore, it is particularly yhportant that the Council be
acy j(h: current study’s findings and understand its

ga-orwardetp us by BOVMAR-CONCORD Environmental
Specifically, these wre Appendiy A3™Fechnigal Descriptions for Release Events, an
August 1994 add¢fidum on Alterrative Operglions with the Barge, and a May 1995
addendum on the Y395 Operationt. We did fot conduct site visils to audit the accuracy
rather refiewed the information as presented. We also
conducted several tclc sane-ctnversatiops with Canadian Oxy personnel as well as with
il A series of questions were provided in
writing 10 BOVAR-CONCORD Envigdnmental following our conversations and their

nd the reasonablengss of simplifications and assumptions, in order to
ify inconsisfeagies, gaps or lifitations in the analysis,

s Arthur [, Lirtle’s best judgment in light of the

time of preparation. Any use which a third party makes

. Or any reliancg on or decisions to be made based on it, are the

sntuhty of such thigd party. Arthur D, Little accepts no responsibility for damages,
uffered by any thiird party as a result of decisions made or actions taken based

on the pformation congained in this letter.

* the identificatidn of hazards-whar can go wrong?
* ihe frequency analysis—how likely is it to happen?

Mansgement Consulting = Technslogy and Preduct Developmant = Envirsnmontal, Health, ssd Saisiy Cozsulting

OFFICEE IM 30 COUMTRIES WOSLEWIDE



Artiur B Lritle

October 16, 1996 Page 2

I. Irwin Torry
Manager of Planning
The Corporation of The District of North Vancouver

= the consequence analysis—what happens if the gindesired occyfs?
= the overall estimation of risks—which pulls alf thégrevious items fogether to develop
an estimate of the risk to the affected comménity.
The methodology for each step was reviewed along with the“agsupiptions made under
each of the two operational scenarios included in the report. WeYaaluated: the approach
and assumptions used in the consequence ing phe credibilivy/
applicability of the selected mr:mmlugmnl pleteness and soundness
of the frequency analysisfapproach; fhe the freghency values taken directly
from historical data; and the way } 1 risk Analyses conducted by
Failure Analysis Associates and rere taken into account in the
overall frequency analysis. Thegplications of our findpigs in each area on the overall
risk cstimates were also determinedsg the extent possibie without recreating the entire
analysis.

General Comment
As we examined thesg varions arcas, we paid parfcular attention o the two scenanos
that were identified imary contributors yo risk:

+ the earthquakespdpced failure of a stofage tank, and
* abarge tan i cident.

s led/us to one overall observation on the reports
prepared by BOWAR-CONCDRD Envirgnmental. The base case and the alternatives
ha'-'l: not been con Is of detail, making comparisons quite

.'.l:t::—rﬂgt- anks, In I]u‘. &nul}'a:is of the hfse case, the tanks have been assumed to always be

Hg in the analysis of the altefnatives several different fill levels have been

1 both the frequency ghd consequence analyses. In discussions with

R Environmghtal it was pointed out that it is common 1o start with a

Imnﬁ for g'base case and then to increase the level of detail for the
iliernatives are 1o be compared to each other and the

Y, but causes difficulties when comparisons are (o be made

tive andAhe base case.

is point, gssume that the analysis was conducted two ways, with no
- tual opegations and therefore no changes in the frequencies of the
ifjed haz_ards- 7 the first case all three storage 1anks v-_'-c:uld be murrmd_ to always

actualfustory of fill levels would be used to determine the fraction of the time

at e tanksAvere at about 90-95% of capacity versus 75% full versus 45% full versus
15% full or Jess. This second case would produce smaller risk contours than the first,
and these ghntours could potentially be significantly smaller,
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be somewhat different, it is intercsting to note that the di f assumned
fior the 300-tonne tank in the alternative with the confinued opgrations ghowed
thar 94% of the time the tank was less than hall fullxhus, the ncy offa very large
spill (75% or more of the capacity) would be mulpplied by 0.06 (5%}, giying an answer
more than a factor of 10 lower than in the analysfs of the Bgse case as a gesalt of the fill
level alone. If this same sort of distribution held true for the 800-tonneAanks, the risk
contours could decrease significantly.

While the distribution for the current scenario (base case) was iﬂpm' andAmght
&

Hazrard Identification
The hazard identification approach yat was based bn the knowledge of
incidents that have occurred in the Chlorine i u in the pasy This approach gives a
general indication of the range olfqazards assh ith a prticular type of operation,
hut 15 not particularly helpful in gccd tmg far site-specificMesign features that make
anolher-including consideration of such

pading opey tmm. the length of piping,

e with vgrious risk reduction strategies,

s;mplc things as the number of Inadmg o
ete. It also cannot reflect tht: benefits associd

Given that the emphasidpf this was on low fréquency/igh consequence events
}< rather than all events whick copld have m"l’mm imptcts (per BOVAR-CONCORD
Environmental, but got-st

be that significant, ] at least be iscussinn of the relative pasil.inn of
this operation vis-3-yis i hole. I$A1 newer or older technology? Simpler or
more complex opers ipment More or less vulnerable (o fires and
explosions?

focusedon chlorine reledses! not 0t potential propane or hydrogen releases
by subscquent [fes or explosions. In the case of hydrogen,

BOVAR CONCORLD Environmental indicated that they believed that any chlorine

It from hytirogen explosions would be included in the

Litt}£ believes that this is one arca where site-specific
important role.

arngd to be more concerned about the statistical significance of the

an its relevance (o this particular operation, and %
p provided for the derivation of most the frequencies.
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frequencies which have been estimated to be greater fhan 0.05 | ar (once in
years) it would have been beneficial to compare t ber with actual plant

experience. This would at least have provided a ¢ idn.pr test of realism o
cxternal data set.

For example, for the liquid lines to the

between process piping and loading lines, or o
versus another. However, the rate u
typically pipe failure rates. Thus
than underestimated, which is g
of the base case with the alternalyves
specihic scenarios, such as faillingthe
sudden closure of a valve, that have a hi nt analysis does not
consider such events.) This same historical pi as also been applied 1o a
failure in the liquefier outlft piping, without any real basis of scaling for the amount of
piping involved.

rpressure from the

consideration. This mean isk contours elose fo the sile boundaries may have
been underestimated, parti if the consequenceAlistances have been

For the storage tanksshe gre concern was stismic damage and this was looked at in
much greater detail than r modes of faflure. Given the predicted failure rates,
this focus fn a single cause of failure i is to have been reasonable. The

was determined (0. 0021 per year) and then
ure 10 this earthquake was assuemed
vironmental to be 10%. Given that it is also
ould seem more logical to also assume that the
tanks failing 15 0.002 1/year times some value

tanks also indicated that there may have been a number of
riginal design calculations. Several of these were thought to
rvative, but one was pointed out as potentially leading to a
ndication of a follow-up on these points is presented in the
BOVAR-CONCORD Environmental believed thal these tanks

f service. This still poses difficalty in making comparisons to the
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ility. The
. This once
versus that for

BOVAR-CONCORD Environmental to determine ‘a separaly :
value calculated for the at-capacity level was used in the bag

ount those events
which alse require a secondary failugt, sisy as failure. In many

onginal event even though the consequences are
have significant offsite impacy, the more serious evént might
at its lower frequency. In se 10 one of our guestions
BOVAR-CONCORD Envirgnmen
would lirnit the amount of ghlorine feleased and that failu
a “double-fault with corfypondi i
recognized that with some |

tually be a concern, even
ail loading scenarios,

cy shut down svstem

of these systems would be

more loading operations, there is a multiplier effect
from the number of o that can more thén offset a failure probability of
0.001 per demand urg:im: rgency Shat down systed, for instance.

The conservatism inhgrent throughout the base cagl was reinforced by the response to
another of our questi ) at Event 5.1 (pail car breach) had the same value in
both the base case and all: rie analysis, we g5ked why this was so as the number of
rail cars would increase from 1600 to 1735, We were informed that the analysis of
exisiing gperations used 1735, not 1600 rail gars. Given the low level of contribution

ce modeling has befn performed using COBRA, which is a proprietary
a well known and documented public-domain model known as SLAR.
ke difpersion models  use today (including SLAB, but excluding
amic codes) are not Auitable for performing dispersion caleulations at low
wind spedds. This is especifily true when the surface roughness of the ground (ic., the
uregularityes in the surfacg®picture a smooth surface of a pond versus a gravel
dnm:wa}'} 15 high enouglf tha it effectively blocks the wind and contains the VEpOTs
om liquid pogls of materials that are in a cryogenic state or which are heavier
lhan t, imiting fortier dispersion. The use of D-stability with a low wind speed of 2
meters per second apd E-stability with an even lower wind speed of 1 meter per second
in models such as FOBRA is expected to significantly overpredict the dispersion
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| distances. The effect on the calculated hazard ar
' a factor of two or Lthree.

| used to estimate the amount of mass in the , parti for the largk releases from
the storage tanks and the barge. The app iplier of the flash
fraction to represent the amount of entrafned aerosd -dated and has no
scicntific basis. More importantly, this approach is Al i
such as chlorine as it underestimate

approach is Lo base itie 3erosol fractio up mechanism, which for
chlerine is thermal breakup, i.e., Bashatdhqi; —

The attached table shows the

tests of chlorine releases,
as collected by the Center fé

g Nevada Test Site. Fora

& roughly 15% flash (F, ) and
" This is much lower than the
report's a.ssumplmn gt 62% in the pool | ive case. In discussions with the

plant, we were told phat pres & 5 yere about -22° C (251 K),
According to the tgble, this ign of about 5%, as assumed in the
report, but the 3 + be roughly 17 to 20%, not | [h: 80%
assumed in the =

A more reasondble assumphoiey to assume that 80% (not 20%) of the
L - it out and forming a pool. This would be

eases, and even more significant for any

15 droplet evaporation then becomes

s in the cloud could lead to a significant

arcas that could more than offsel the

agsume that an carthquake that is capable of failing
agound them. However, given the other comments made
the initial cloud, this is not a significant issue.

eArs to be sound, and the development of risk contours is the
jor land-use planning purposes. Given the relatively limited
urs, it is also reasonable to not teke credit for evacuating any

@Ch seems to have been used in each addendum, no additional
made on these various documents,

mmmnms have bee
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Overall Conclusions
The representaliveness of the resulis for both thy
tank levels are kept below 500-tonnes is very
over and under predictions of frequenges 2

hcol ally o events
contributing to the 107 per year coptour. Our b -

U"" and 10* per

Compansons of these two cases wilk
with extreme caution as th

For those aliernatives wy ; Mnary uncertainty for the 10" and
107 per year contge \ssiici i ingconsequence modeling, We believe
that these contoufs artg ewhat under predjfied, and would not recommend using

ply, basis of a planning’decision.
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District of North Vancouver

A58 Wesd Ouders Road

District of North Vancouver
haing Adddeess
POk Box BEILN
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Disevsor of Planning & Developmest Senacss, Richand Planket Telephone 604 987 7131 Fax D84 266

September 11, 1997
File: 3060-20/8.93

Mr. Corrie Kost
Federation of North Vancouver Community Associations

Dear Mr. Kost:

Re: Public Meetings to Discuss and Review the Quantitative Risk Assessment
and Independent Peer Review prepared for the Can Oxy Chemical Plant

Public meelings have been arranged for:

Tuesday, September 23
Jaycea House
1251 Lillooet Road
2:00 pm to 500 pm
and
7:00 pm to 10:00 pm

These public meetings are being held to share the research findings from the
Quantitative Risk Assessmenl, the findings from the independent peer review and to
answer your guestions related to the Can Oxy chemical facility in Maplewood.

This discussion is taking place in light of the municipality's desire to realign the
Dollarton Highway and, at the same, consider zoning changes for Can Oxy property to
accommodate light indusfrial and limited commercial uses, At the presant time the Can
Oxy property is zoned for general manufacturing and industrial uses. Under either land
use alternative the existing chemical facility will continue to operate.

In preparation for the possible zoning changes Can Oxy completed a Quantitative
Assessment of Safety Risks in 1984, This assessment together with land use
guidelines established by the Major Industrial Accidents Gouncil of Canada (MIACC)
were used to define permitted land uses on the Can Oxy property.

Documment Mo: 57358



Re: Public Meetings to Discuss and Review the Quantitative Risk Assessment
September 11, 1997 Page 2

The following chronology outlines the events leading to this public meeting:

In June, 1986 Council adjourned the public hearing on the rezoning bylaw for Can Oxy
property north of the rail line. Council instructed staff and Can Oxy to conduct a public
information meeting in order to share research findings and clarity the chlorine risk to
the public. At the same time Council requested staff to report back on the timing and
process to obtain a peer review on the Bovar Concord study.

In July, 1986 Council approved the appointment of Arthur D. Little to complete an
independent review of the QRA study prepared by Bovar Concord.

In October, 1886 Arthur D. Little submitted a summary of their review of the
Quantitative Assessment of Safety Risks (1994) prepared by Bovar Concord. The
review raised several questions which required responses from Bovar Concord.

From Novernber, 1996 through until March, 1997 Bovar Concord and Arthur D. Little
exchanged additional information.

In May, 1897 Can Oxy and Bovar Concord decided to update the 1994 Quantitative
Assessment of Safety Risks to reflect the numerous design and operational changes
instituted by Can Oxy.

In July, 1997 Arthur D. Little submitted their independent review of the updated
assessment of chlorine safety risk to the public. The independent review covered:

the identification of hazards - what can go wrong?

the frequency analysis - how likely is it to happen?

the consequence analysis - what happens if the undesired event occurs?

the overall estimation of risks - which combines all the previous items together to
develop an estimate of the risk to the affected community.

" & & &

The findings from the independent review were presented to District Council on August
12, 1997.

The public meetings will include displays and provide an opportunity to discuss
concerns with District, Can Oxy and consultant representatives. The open house
portion of the meeting will be followed by a “Question and Answer” period. The
questions and comments will be documented and forwarded to Council when they
consider future land use alternatives in this area of Maplewood.

For your convenience two times have been arranged for September 23, 1997 at Jaycee
House, 1251 Lillooet Road. The afternoon session will run from 2:00 - 5:00 pm and the
evening session will last from 7:00 until 10:00 pm.
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September 11, 1997 Page 3

It you have any suggestions on forwarding information and material to other members
of your organization, please contact Diana Nelson at 990-2459,

Should you wish to review the updated assessment of safety risks 1o the public or the
independent review prepared by Arthur D. Little please contact me at 990-2317.

anagler.of Planning E*
JITAk pu
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(A Public Meeting

e

* CanOxy Risk Assessment

* Dollarton Hwy Realignment
and Land Use Alternatives

oin this open house 1o discuss the most up-to-date information on the
recent Risk Assessment Report for CanOxy, a peer review and futune land
use issues on the CanOxy property Bring your questions and concerns.

LT - g e
Jaycee House, 1251 Lillooet Rd.

Dmphlnmrh:wlnlmhuﬁundiqﬂ:pm:

* the Risk Assessment report of the CanOxy Chemicals site,
and peer review of the report

* improvements 1o CanCboy plant operations

» safety issues, incloding mil cars

* emergency response plan

» land use alternatives for CanOxy lands

* Dollarion Highway realignment

Discuss your questions or concerns with District and CanOxy staff and
consultants during a Question and Comment period.

SEEEAE LSS BRI § £ S § RSN B B § 8 AT S § 58 5 A L S S B e i 8 6 S ey

ssues and concerns raised at the meeting will be documented and provided
o Council as they corsider furure bind use alternatives in this area,
including either :

1. Maintaining heavy industrial zoning or
2. Rezoning to accommodate light indusirial and commercial uses.

The existing chemical plant will continue o operate under both scenarics.

For more information, please contact
Planning at 990-2317

www.distriet.north-van.bc.ca
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SHIRTSLEEVES SESSION

CAN OXY QRA STUDY-PEER REVIEW
Tuesday, August 12, 1997 - 7:30 p.m.
Counci Chamber

Welcome and Introduction - Mayor Bell

Presentation by Lisa Bendixen (AD Little Ltd.)

Attachment:

« staff report dated August 8, 1997
+« report by Arthur D. Little dated October 21, 1996 on Assessment of
the 1978 Beak Report

« report by Arthur D. Little dated July 11, 1997
« report by BOVAR Environmental dated July 4, 1997

Discussion by Council

Docmand Mo DL581
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The Corporation of the District of North Vancouver
REPORT TO COUNCIL

August 08, 1997
File: 3060-20/8.93

AUTHOR: J. Irwin Torry, Manager of Planning

SUBJECT: Independent Review of the CXY Chemicals North Vancouver Plant
Assessment of Chlorine Safety Risk to the Public 1997 Update Report

RECOMMENDATION:
That this report be received as information.
REASON FOR REPORT:

To provige Council with a brief summary of the indepandent review of the CXY Chemicals
Assessment of Chlorine Safety Risk to the Public, 1997 Update Report, the assessment of
the 1978 Beak report, and an indication as to the next steps in the process.

SUMMARY:

The independent review conducted by Arthur D. Little concludes that “there are a number of
factors which have been either over or underestimated for individual events: however, the
overall resulls are judged to be reasonable representations of the public risk levels
associated with current chlorine plant conditions and operations.”

While not the focus of the current planning and land use decision, the consultant believed it
was “important to note that the area to the west of the CXY Chemicals plant is at a higher
risk level than might be desired. This is not at all surprising given the proximity of the
western plant boundary to the storage tanks and rail car loading stations. This is an existing
land use which has experienced a significant reduction in risk as a result of the recent
changes in plant operations and the plant improvements. It will be important to maintain
good communications with the operations to the west of the plant for the purpose of
emergency response and proper action in the event of a release.”

In the assessment of the 1978 Beak report Arthur D. Little concluded that the basic
recommendations in the report still make sense and represent good management practices
in the chemical industry. However, Arthur D. Little is of the opinion that the 1978 report has
served its purpose, and that its continued use today would be inappropriate, except for some
of the basic information on the chemicals and processes.”



SUBJECT: Independent Review of the CXY Chemicals North Vancouver Plant
Assessment of Chlorine Safety Risk to the Public 1997 Update Report
August 08, 1997 Page 2

BACKGROUND:

On June 11, 1996, Council adjourned the public hearing on the rezoning bylaw for CXY
Chemicals and instructed staff and CXY Chemicals to conduct a public information meating,
the purposa of which is to share research findings and clarify the chlorine risk to the public.
At the same time Council requested staff to report back on the timing and process to obtain
a peer report on the Bovar report.

On July 22, 1996, Council approved the appoiniment of Arthur D. Litlle Inc. to complete an
independent review of the QRA Study prepared by Bovar-Concord. In addition the
consultant was asked to assess the 1978 Beak report.

ANALYSIS:

On October 16, 1996, Arthur D. Little submitted a summary of their review of the Quantitative
Assessment of Safety Risks (1994) prepared by Bovar-Concord Environmental. The review
raised several questions which required responses from Bovar-Concord.

On October 21, 1996, Arthur D. Little submitied their independent assessment of the 1978
Eeak report (Attachment A). In summary the consultant concluded that the basic
recommendations in the repor still make sense and represent good management practices
in the chemical industry. However, the consultant is of the opinion that the report has served
its purpose and that its continuad use today would be inappropriate, except for some basic
information on the chemicals and processes.

In November, 1996, staff authorized Arthur D. Little to release the preliminary findings of the
independent review to CXY Chemicals and Bovar-Concord in order 1o continue the process
of refining the identification of hazards, the frequency and consequence analysis and the
overall estimation of risk.

From December, 1996 until March, 1997, Bovar-Concord Environmental and Arthur D. Little
exchanged additional information as requested by Arthur D. Little.

In May, 1987 CXY Chemicals and Bovar-Concord decided o update the 1994 Quantitative
Assessment of Safety Risks to reflect the numerous design and operational changes
instituted by CXY Chemicals and to respond to items raised by Arthur D. Little Inc.

On July, 11, 1997, Arthur D. Little submitted their independent review (Attachment B) of the
CXY Chemicals Assessment of Chiorine Safaety Rigk to the Public, 1997 Update Report
(Attachment C).

The independent review covered:

« the identification of hazards - what can go wrong?

» the frequency analysis - how likely is it to happen?

= lhe consequence analysis - what happens if the undesired event occurs?

i
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» the overall estimation of risks - which combines all the previous items together to develop
an estimate of the risk to the affecled community.

The review concludes that “there are a number of factors which have been either over or
underestimated for individual events; however, the overall results are judged to be
reasonable representations of the public risk levels associated with current chlorine plant
conditions and operation.

While not the focus of the current planning and land use decision, the consultant believed it
was “important to note that the area 1o the west of the CXY Chemicals plant is a higher risk
level than might be desired. This is not at all surprising given the proximily of the western
plant boundary to the storage tanks and rail car loading stations. This is an existing land use
which has experienced a significant reduction in risk as a result of the recent changes in
plant operations and the plant improvements. it will be important 1o maintain good
communications with the uparat!ms to the west of the plant for the purpose m‘ emargency
response and proper action in the event of a release.”

Following Arthur D. Little Inc.’s presentation to Council, District staff and CXY Chemicals
representatives will be organizing a public information meeting in Maplewood sometime in
September, to share information and to clarify the chlorine risk to the public. Following this
meeting staff will report back to Council with recommendations concerning the reconvening
of the public hearing in October.

JITMt/idw
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Tebsphone (1) 416.361.1051
July 11, 1997 Fax (1) 416 361 1155

J. Irwin Torry

Manager of Planning

The Corporation of The District of North Vancouver
355 West Queens Road

North Vancouver

British Columbia

VTN 2K6

Ee: ADL Beference No. 30728
Dear Mr. Torry:

Arthur D, Little of Canada Limited is pleased to submit this summary of our
independent review of CXY Chemicals North Vancouver Plant Assessment of Chlorine
Safety Risk, 1997 Update Report, prepared by BOVAR Environmental and dated July
4, 1997, The District of North Vancouver requested an independent review of the risk
analysis described in this report because a rezoning application for certain lands in the
Maplewood area and future uses depend in part on the placement of the risk contours
relative to these areas. Therefore, it is particularly important that the Council be

comfortable with the accuracy of the current study's findings and understand its

The review process started last summer when we reviewed the August 1994 report,
Canadian Oxy Nerth Vancouver Plant Quantitative Assessment of Safety Risks, as well
as additional appendices and addenda associated with that report. In October 1996 we
submitted an initial set of detailed commenis on the 1994 report. As a result of the
numerous design and operational changes instituted by the plant as well as our
comments, the 1994 report was updated and totally rewritten. Our latest review is based
on that 1997 Update Report, numerous telephone conversations with CXY Chemicals
and BOVAR Environmental personnel, and a site visit in early June 1997. These
additional sources of information form an integral part of our review, as the 1997
Update Report is not intended to cover all the details of the risk analysis.

Owr review cfforts focused on the soundness of the methodologies and the
reasonableness of simplifications and assumptions, in order to identify inconsistencies,
gaps or limitations in the analysis. This also allowed us to comment on the overall
results. In general, we have not commentad on the text of the 1997 Update Report
except for interpretations of the results of the risk analysis.

The material in this letter reflects Arthur D. Little's best judgment in light of the
information available to it at the time of preparation. Any use which a third party makes
of this letter, or any reliance on or decisions to be made based on it, are the
responsibility of such third party. Arthur D. Linle accepts no responsibility for damages,
if any, suffered by any third party as a result of decisions made or actions taken based
on the information contained in this letter.

Mussgement Conswlting = Teckaslogy and Product Development « Enviroamesial. Healih asd Selely Consuling
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Our review covered:

# the identification of hazards—what can go wrong?

* the frequency analysis—how likely is if to happen?

* the consequence analysis—whar happens if the undesired event occurs?

the overall estimation of risks—which pulls all the previous items together to develop
an estimate of the risk to the affected community.

The methodology for each step was reviewed along with the assumptions made. We
evaluated: the approach and assumptions used in the consequence modeling, including
the credibility/applicability of the selected meteorological conditions; the completeness
and soundness of the frequency analysisfapproach; the rationale for the frequency
values; and the way in which the seismic sk analysis conducted by Hooley & Schubak
Ltd. in 1994 was taken into account in the overall frequency analysis. The implications
of our findings in each area on the overall risk estimates were also determined to the
extent possible without recreating the entire analysis.

Hazard |dentification

The primary hazard identification approach used in the report was based on the
knowledge of incidents that have occurred in the chlorine industry in the past. This
approach gives a general indication of the range of hazards associated with a particular
type of operation, but is not always helpful in accounting for site-specific design
features that make one location more or less hazardous than another—including
censideration of such simple things as the number of loading or unloading operations,
the length of piping, etc. It also cannot reflect the risk reduction benefits associated with
various modifications or improvements.

Given that the emphasis of this report was on low frequency/high consequence events
rather than all events which could have off-site impacts, most of these site-specific
factors will not have significant impacts on the overall risk levels. In addition, for newer
facilities or those with extensive upgrades or relatively small operations—such as this
plant, this approach will generally be conservative (i.e., it will lead to estimates for the
frequencies of failure which are higher than would be determined by other approaches).
BOVAR Environmental has also taken the scale and condition of the North Vancouver
plant into account by adjusting some of the basic historical frequency values.

The 1997 Update Report focuses on the risk from chlorine releases, and does not
address potential propane or hydrogen releases or the potential for associated fires or

ions to cause damage to chlorine-containing equipment. In the case of hydrogen,
BOVAR Environmental indicated that they believed that any chlorine releases which
could result from hydrogen explosions would be included in the historical data set.
Given the relocation of the propane tank, it is unlikely that a propane release would lead
to a chlorine release.
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The historic-incident-based hazard identification was supplemented with a detailed
earthquake analysis for the storage tank and a consideration of other causes of tank
failures. Thas, the largest releases have been examined in a more site-specific manner.
The identification of those events with the potential to impact the areas of concern to the
narth of the site 15 jodged to be reasonably comprehensive.

Frequency Analysis

The seismic analysis of the 300-tonne storage tank explicitly considered different Gll
levels and analyzed the response of the tanks at each level. A separate analysis of the
dike indicated that it would be expected to remain intact in the same earthquake events
that would fail the tank. Even if this assumption were not accurate, the analysis of other
tank failure modes did assume that either the dike would fail or that the release would
spew over the edge of the dike. Given the layout of the site, the assumption that such
releases would be totally unconfined (that is, they could spread to their maximum
extent) is considered very conservative.

The analysis of releases from the rail car based the failure frequency on a 1987 study for

Canada, which evaluated chemical transportation risks in rail yards in
Toronto. While the resulis of this earlier study were scaled to account for the level of
rail traffic on the site, the Transport Canada study did not include rail car failures which
result from causes other than collision and derailment. Given that there are 1735 rail car
movements of chlorine from the CXY Chemicals site each year, and that each car may
remain on site for two or more days in a filled state, on average there are roughly ten rail
cars on site in a full condition over the course of the year. These rail cars are susceptible
to earthquakes, corrosion, fatigue, ete. We would have therefore expected & failure
frequency at least an order of magnitode higher than was presented in the report. Both
the frequency and consequences of rail car releases would still be dominated by the tank
failure scenarios, but releases from the rail car would be expected to contribute slightly
to the risk contours.

In the area of tank car loading, the report deseribes the new loading station and all its
protective features. However, there has not been any indication that this station would
be used either exclusively or preferentially. Thus, the accuracy of the frequency
estimates for these loading-related releases is somewhat questionable as they appears
be based on the design of the new station. However, in terms of the overall risk results,
these events are not significant.

Coansidering all of the above, it is possible that the risk in the immediate vicinity of the
plant, particularly to the west, could be higher than indicated. No significant changes are
expected in the areas of concern to the north of the plant, however.
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Consequence Analysis

approach used to estimate the amount of mass in the cloud, particularly for the large
releases from the storage tank. The approach used in the original analysis tended to
underestimate the amount of material in the cloud. Arthur D, Little provided several
release modeling results for use in the 1997 Update Report which determined the
amount of mass in the cloud based on more realistic physical phenomena. This data was
then used as input to BOVAR Environmental®s consequence models to predict the
dispersion distances and areas shown in the revised report.

The consequence modeling has been performed using COBRA, which is a BOVAR
Environmental proprictary model based on a well known and decumented public-
domain model known as SLAB. Most of the dispersion models in use today (incloding
SLAB, but excluding hydrodynamic codes) are not suitable for performing dispersion
calculations at low wind speeds. This is especially true when the surface roughness of
the ground (i.e., the irregularities in the surface—picture a smooth surface of a pond
versus a gravel driveway) is high enough that it effectively blocks the wind and contains
the vapors emitted from liquid pools of materials that are in a cryogenic state or which
are heavier than air, limiting further dispersion. Therefore, to limit the conservatism
asgociated with the use of these models at low wind speeds, the 1997 Update Repart
uses a more complete sel of wind speeds and stability classes. However, since all the
wind speeds considered are still very low (2 m/s or less), the dispersion model results
are likely to be conservative, that is they will over predict the poteotial arcas coversd by
a chlorine cloud.

Risk Estimation

The development of risk contours is the most meaningful measure for land-use planning
purposes and the basic process used for calculating the risk levels appears to be sound.
Given the relatively limited distances for the risk contours, a dispersing chlorine clond
would transit these distances in a manner of minutes, making it unlikely that anyone
could be evacuated in the eveat of a release. Thus, it is reasonable to calculate the risk
levels without any credit for evacuating portions of the exposed population.

The 1997 Update Report does state that the risk at any location could be expected to be
less than indicated in Figure 4 due to the protection afforded by going or staying indoors
to reduce one’s chlorine exposure. Being indoors would actually reduce the risk to those
persons who are indoors, but does not change the potential risk level at a particular
location.
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Overall Conclusions

There are a number of factors which have been either over- or underestimated for
individual events; however, the overall results are judged to be reasonable
representations of the public risk levels associated with current chlorine plant conditions
and operations.

While not the focus of the current planning decision, we do believe that it is important
to note that the area to the west of the CXY Chemicals plant is at a higher risk level than
might be desired. This it not at all surprising given the proximity of the western plant
boundary to the storage tanks and rail car loading stations. This is an existing land use
which has experienced a significant reduction in risk as a result of the recent changes in

plant operations and the plant improvements. It will be impaortant to maintain good
communications with the operations to the west of the plant for the purpose of

emergency response and proper aclion in the event of a release.

Pleasc let me know if I can clarify any of these points or if you have additional
questions.

Sincerely,
Lisa M. Bendixen
Principal, Safety and Risk
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Summary of the Independent Review of CXY Chemicals North Vanceuver Plant
Assessment of Chlorine Safely Risk, 1997 Update Report

Arthur D. Little of Canada Limited has conducted an independent review of CXY
Chemicals North Vancouver Plant Assessmeni of Chlorine Safety Risk, 1997 Update
Report, prepared by BOVAR Environmental and dated Jaly 4, 1997, Our efforts
focused on the soundness of the methodologies and the reasonableness of
nmphﬁ:m-nu and assumptions, in order to identify inconsistencies, gaps or limitations
in the analysis. This also allowed us to comment on the overall resalts. Our review
covered:
= the identification of hazards — what can go wreng?

the frequency analysis — how likely is it to happen?

the consequence analysis — what happens if the undesired event occurs?

the overall estimation of risks — which combines all the previous items together to

develop an estimate of the risk to the affected community.

A sumimary of our findings in each area is given below.

; The primary hazard identification approach used in the report
was based on the knowledge of incidents that have occurred in the chlorine industry in
the past. For newer facilities or those with extensive upgrades or relatively small
operations—such as this plant, this approach will generally be conservative. BOVAR
Environmental has algo taken the scale and condition of the North Vancouver plant into
account by adjusting some of the basic historical frequency values.

The histeric-incident-based hazard identification was supplemented with a detailed
earthquake analysis for the storage tank and a consideration of other causes of tank
failures. The identification of those events with the potential to impact the arcas of
concern to the north of the site is judged to be reasonably comprehensive.

Freguency Analvzis: For the storage tank, the greatest concern was seismic damage and
this was looked at in much greater detail than the other potential failure events. The
1997 Update Report also considers other sources of tank failore and is more
comprehensive in its treatment of other events than the 1994 report was. The rail car
release frequencies given in the report are lower than expected, but should not infloence
the overall risk levels significantly as the frequency and consequences of such releases
would still be dominated by the tank failure scenarios.

* The most significant concern we had about the consequence
modeling was the origihal approach used to estimate the amount of mass in the cloud,
i ly for the large releases from the storage tank. This has been improved in the
1997 Update Report. A more complete set of wind speed and stability classes has been
used in the current report; however, since all the wind speeds considered are very low,
the dispersion model results are likely to be conservative (that is they will over predict
the potential areas covered by a chlorne cloud).

Bisk Extimation: The development of risk contours is the most meaningful measure for
land-use planning purposes and the basic process used for caleulating the risk levels
appears to be sound. Given the relatively limited distances for the risk contours, a
dispersing chlorine clowd would transit these distances in a manner of minutes, making
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it unlikely that anyone could be evacuated in the event of a release. Thus, it is
reasonable to calculate the risk levels without any credit for evacuating portions of the
exposed population.

There are a number of factors which have been either over- or underestimated for
individual events; however, the overall results are judged to be reasonable
representations of the public risk levels associated with current chlorine plant conditions
and operations.

While not the focus of the current planning decision, we do believe that it is important
to note that the area to the west of the CXY Chemicals plant is at a higher risk level than
might be desired. This is not at all surprising given the proximity of the western plant
boundary to the storage tanks and rail car loading stations. This is an existing land use
which has experienced a significant reduction in risk as a result of the recent changes in
plant operations and the plant improvements. It will be important to maintain good
communications with the operations to the west of the plant for the purpose of
emergency response and proper action in the event of a release.

July 11, 1997

The material in this summary staternent reflects Arhur D, Litie's best judgment in light of the information
availabla to it &l the time of preparation. Any use which a third party makes of this staternont, or any
reliance on or decisions 1o ba made based on it, an the responsibility of such third party. Anhur D, Litile
accepls no responsibility for damages, if any, suffercd by any thind panty as a result of declsions mada or
actions taken based an tha information centalned in this statlament.
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I. Irwin Torry
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Re: ADL Reference No. 30728

Dear Mr. Torry:

Arthur D, Little of Canada Limited is pleased to submit this summary of our
independent review of Chemical Hazard Evaluation of the Maplewood Chemical
Industry, prepared by Beak Consultants, and submitted in June 1978. The District of
North Vancouver requested this independent review to determine the overall usefulness
and appropriatencss of the 1978 report to present day decision-making needs.

This review was based on the report presented as well as several telephone
conversations with Canadian Oxy personnel. We had initially planned to also conduct
one or more telephone interviews with the Council or staff to better understand the
purpose and proposed use of the report so that we would have a context in which to
judge its relevance. However, based on our discussions with Canadian Oxy personnel,
we no longer felt this was necessary.

The table below summarizes many of the factors that we evaluated during our telephone
interviews and review. The effects and significance of the various factors were
determined by reviewing the report and appendices in detail using our knowledge of
current practices both in the chemical industry and in risk analysis methodology and
assumptions, coupled with the results of our discussions with plant staff,

The material in this letter reflects Arthur D. Little’s best judgment in light of the
information available to it at the time of preparation. Any use which a third party makes
of this letter, or any reliance on or decisions to be made based on it, are the
responsibility of such third party. Arthur D. Little accepts no responsibility for damages,
if any, suffered by any third party as a result of decisions made or actions taken based
on the information contzined in this letter.

Management Condulting = Teckaslogy and Preduct Develapment = Envirsamental, Hesith, snd Salety Conmulting
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Table 1: Relevancy of the 1978 Report

Iinfluencing 1978 Study
Relevance -
scope of study  [focus was on selectad operations materials othar than loxics (a.g.,

and chemicals, primanty ¢hlonne and
related products

|propane) are also receiving affention

risk of concern was acute nsk 1o
public; no discussion of
arvironmental risks

envircnmental risks are of much greatar
concemn, and could also be covered in a
broad overview repor such as this

focus vared batwean Maplewood for
fixed sitas, general Vancouver area
for transportation, and entire route for

repor such as this would be expecied o
focus on a botter dofined area

risks per shipment
sumoundings! | 1978 populations encroaching residential and commercial
extemnal factors populations

considered local meleorology and | stll refevant

termrain

some selsmic analysls; general mare equipment-specifiic reviews and

equipment responsafailure predicled janalyses conducted ininlerim ______ |
transponation E5-ton cars for chiorine 20-ion cars; rail car fleet has Improved;

raleasa probabiities vary significantly for
different types of ai cars (i.a., prassure

used average accident rates for mid
1870's; data given on a per-shipment
basis

accidant rates sinog 1978; truck accident
rates have not changed very much;
marine rates ane vary location-spaciic,
but the Port of Vancouver has
undertaken a number of studies and
inifiatives to reduce risk so
|improvemeants would be expected; data
is now generally expressed on a per- *
mike basis

rmid 1970's hazardous material
shipmeant levels

significant iIncreases in numbar of
shipmonts al the site (about twice as
many rail cars per year) and in
Vancouver area in general; increased
usage of infermodal containers (150-
taimers)
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E‘sﬁ

report did not hkﬂspaﬂi:sulﬂia
and procass inlo account, but rather
relied on average industry
ﬂpﬂﬂﬂn operation probably was
gggu:_ala:msﬂm

Pﬂwa improved procedures, quality
programs and praciices; less
instrumentation and controls than might
ba found in a newer facility

on-site imventory of up to 1780 tons
of chiorine

iotal mveniory limited 1o 550 fons of
chlorine since 1985 P

Chilarine Insfitula best practices

Reasponsible Care provides additional
guidance

condiion

2{-year old operation

40-year old operation with tew changes
1o physical plant, but wall maintained
and good attention 1o salety

thres 150-ton chioine tanks: two
B66-1on chioning tanks

thrae 150-ton tanks removed: 318-ton
chioring tank added at some paint in tha
|

have added non-dastructive testing of
lines; do internal vessel inspections
every 3 yoars instaad ol 5; more
delection and aulomatic isolation;
enhancements in earthquake resistance

of equipment; adding molor-operated
valve to rail car side of loading hose

| propane tanks moved further from
chiorine operations

| GrmangEncy

concemed aboul both direct and

&t ralevant

provided safaty manuals and
amergency responsa plans

out-of-gate as thene & mon
coordinated programs and sie and local
organizations have changed

lack of coordnaled response citad

miuch stronger and botler coordinated
amargency response programateams
and belter equipment avallable both

locally and in the region

CONCEN OVar commumication
capzbilities

much batter and more refiablo
communication systems in place in the
the and the

most likely sconarios analyzed;
rrszodirmiurn of 1000 pounds released

peneral practics s to evaluate a worst-
cradibla releasa in addition to mona likaly

(srmallar) raleases
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Hists of incidents in industry and
fransporation

pasi ovants aro generally still relevand,
although many adménistrative controls
and design improvements have been
developed 1o limit the chance of them
OCCuming again; more recenl events

guantitias

could be added to flists
used industry averages o give esfimates are now cut-of-date; industry-
frequency ranges and release wide data is no mone mesninglul oday

than it was then as it does nol indicate
whether or not & ghven facility is batter or
waorse than average and doas not
account for site-specific differences in
activity levels, inventory, isolation
capabilities, elc.; enough time has
passed to know if some of the predicled
frequencies were realistic; typical
praciica is o calculate flow rates based
on the actual equipment and operating
conditions

ocoarse risk caleulations

appropriate that they be coarse, but hand
1o accurately calculate estimates of
individual risk when only considering the
mast Bkely events; low frequencyhigh
consequence evants must genarally ba
considanad

simplified algorithms for
consequance modeling predictions

significant improvornonts in
consequence modals

wgﬂmmmﬂhﬂ

minor, mosily insignificant changes

The 1978 report was intended to raise community awareness and help educate the
interested reader. This need still remains, but today is more typically focused on the
specific equipment, operations, and management systems of the industrial operations in
a community than on the basic hazards of various chemicals. Without this degree of

specificity, it is difficult to motivate improvements.

The 1978 report gave idcas on what it meant to class

ify Maplewood as an “active”

chemical area and suggested thal this characteristic must be factored into planning
activitics. However, it did not provide enough information on which to base such
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activities, other than to support the general need for strong emergency response
planning and capabilities.

The basic recommendations of the 1978 report still make sense, and are typical of
management practices in the chemical industry today. However, we believe that the
1978 report has served its purpose, and that its continued use today would be
inappropriate, except for some of the basic information on the chemicals and processes.
Should you wish to update the report, there are numerous examples of communily-wide
reporting activities designed to address OSHA and EPA requirements that would help to
structure your efforts. These reports are generally prepared by the operations of interest
and then consolidated, rather than being prepared “externally™ as the 1978 report was.

Please let me know if I can clarify any of these points or if you have additional
questions.

Sincerely,

(Hac M Bu o~

Lisa M. Bendixen
Principal, Safety and Risk
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1. Muormay Dyloeman, Mayor

MEDIA RELEASE
Friday, May 5, 1995

District of North Vancouver Mayor J. Murray Dykeman says that on
Tuesday, May 2, Canadian Oxy Chemicals had a confidential meeting with District
Council for the purpose of sharing the findings of the Quantitative Risk Assessment
Study for their North Viancouver chiorine plant and how the Company proposed to make
the information public.

This meeting was to advise Council on Can Oxy’s process for public release of its risk
information by June. "There was never any suggestion that the information presented
would be withheld from the public,” says Mayor Dykeman.

“It is regrettable that Councillor Crist chose to prematurely release selective information
thus palentially causing much concern among members of the public who deserve to
be fully informed about this complex issue.”

District Council through its North and Wast Vancouver Emergency Program has
stressed the importance of industries such as Can Oxy working with the community on
issues such as risk asessment, risk reduction and risk communication. The study is
one of the very few which has been undertaken in Canada to date and the procedure
used includes a commitment of public disclosure.



MAYOR'S PERSONAL NOTES

Tues

Wed

Thurs

Fri

Sun

May 3

May 4
May 5

May 7

Shirtsleeve meeting with Council and Can. Oxy to discuss public
distribution of report. Material was “"confidential® and slides of maps
and charts were shown, not released. Meeting resolved 6 to max.
10 member committee be appointed by May 5 to finalize
procedures for June publication to public.

Call from Vancouver Province reporter for comment of Can. Oxy
report as a result of information provided by Coun. E. Crist. |
returned and responded "My only comment is if this information is
published the article identifies Coun. Crist as the source of this
confidential information that is before Council In-Camera”. |
demanded this be printed as the matter of confidentiality was
extremely delicate and releasing such information was dealing with
dynamite - but that he already had been told my only comment.

Alerted Council to likelihood of publication of information.

Vancouver Province published article quoting Coun. Crist with the
statement “information not classified” which is untrue. Press
release prepared and distributed at 12:00 noon. Can. Oxy
couriered copy of report to our Planner at 4:30 p.m. E-Mail to all
Council and staff.

Vancouver Province editorial accusing the Mayor and The
Corporation of the District of North Vancouver of preventing the
release of information to the public. Another untruth and a further
inaccuracy - directed citizens to contact 885-7761, the City of North

Vancouyer switchboard.

1NADMAINASOROM Y CORNLCODOD T4 MEM
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The Corporation of the District of North Vancouver
REPORT TO COUNCIL

May 22, 1996
File: 3060-20/8.93

AUTHOR: Doug Allan, Senicr Development Planner

SUBJECT: REZONING APPLICATION - CANADIAN OCCIDENTIAL PETROLEUM
LTD.

RECOMMENDATION:

It is recommended that Council:

1. introduce Bylaw 6762 creating Comprehensive Development Zones 17, 18

and 19 and rezoning lands owned by Canadian Occidental Petroleum
Ltd. and Imperial Oil Co. Ltd. from C3 and 12 to CD17, CD18 and CD19;
and,

2. refer Bylaw 6762 to a Public Hearing on June 11,1996.

REASON FOR REPORT:

As this application is an amendment to the Zoning Bylaw, Council's consideration is
required.

SUMMARY':

In conjunction with the realignment of Dollarton Highway, Canadian Occidental Petroleum
Ltd. (COPL) has applied to rezone its lands on either side of the new road to three new
Comprehensive Development Zones. The former Esso service station site on Dollarton
Highway at Riverside Drive which COPL has agreement to purchase is also included in the
rezoning bylaw.

The Company undertook a Quantitative Risk Assessment of its plant to assess the risks of
a major industrial accident under the cumrent operational scenario and an alternate scenario.
The two scenarios differ in terms of the volume and conditions of chlorine storage on-site.
That QRA resulted In the development of a series of risk hazard contours around the plant
which were used in conjunction with land use guidelines established by the Major Industrial
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Accidents Council of Canada (MIACC) to define the permitted land uses within each zone
based on the policy designations in the Maplewood OCP.

MNotwithstanding the permitted uses which will be allowed in each zone, COPL will be
prohibited by agreement from developing its lands until such time as the conditions of the
alternate scenario are met. However, even when these conditions are met, some of the
permitted uses within the CD Zones will be prohibited by covenant until further changes in
plant storage are made, technology changes or the plant closes.

In order to achieve the objective of having the land uses reflect the conclusions of the QRA,
COPL and the District must enter into an implementation agreement and a series of
restrictive covenants to be registered on the title to the COPL lands. Consequently, staff
recommend that Bylaw 6762 be held at third reading until COPL achieves the alternate
scenario conditions and those conditions are verified by a qualified independent
professional and all agreements are signed and ready for registration. COPL advises that
the alternate scenario conditions are likely to be achieved by the end of the year.

BACKGROUND:

In order to facilitate the development of a municipal business park on lands north of
Dollarton Highway east of Riverside Drive, COPL has agreed to dedicate a new road
allowance through its lands which will permit the realignment of a portion of the existing
Dollarton Highway and to contribute to the cost of construction. As the new road will
facilitate improved access to their lands, COPL has applied to rezone its property on either
side of the realigned roadway. The former Esso service station site on Dollarton Highway is
also included in the rezoning (Attachment A).

EXISTING POLICY:

Under the Maplewood OCF, the subject lands are designated as “Commercial”, "Light
Industrial” and "Mixed Use" (Attachment B).

SITE AND SURROUNDING AREA:

The COPL lands are zoned General Industrial (12) and are located between a rail spur line
to the south, Front Street to the north, Amherst Avenue to the west and Forester Street to
the east. The lands are presently vacant and heavily treed. The former Esso service
station site (C3) on Dollarton Highway at Riverside Drive is vacant.

Surrounding land use consists of; a mix of light industrial (I3) uses, a neighbourhood pub
(C6) and a paper recycling firm (I3) to the west; the waste transfer station (12) to the
southwest; other chemical industries and a lumber company (11 and 12) to the east and
southeast; and, commercial (C2), multi-family residential (RM3) and light industrial (I13) uses
to the north .

Document Mo: SRS
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Attachment C illustrates the proposed municipal business park in relation to the COPL and
Imperial Ol lands.

QUANTITATIVE RISK ASSESSMENT:

COPL has undertaken a Quantitative Risk Assessment (QRA Study) as part of its long term
risk management program to assess the public safety hazard associated with the operation
of its plant and to assist in land use planning in the vicinity of the facility. A summary of the
QRA Study is included as Attachment D.

AMNALYSIS:

The Proposal: The proposal is to rezone the COPL lands on either side of the realigned
Dollarton Highway from General Industrial |12 to three new Comprehensive Development
Zones 17, 18 and 19. The bylaw will also rezone the former Esso service station site on
Dollarton Highway from C3 to CD17 and 18. Bylaw 6762 (Attachment E) establishes
principal and accessory uses, size, shape and siting regulations; landscaping regulations
and parking requirements for each CD zone.

a) Permitted Uses:

1. CD 17 Zone: The CD17 Zone is intended to be a general commercial zone
providing a range of services to complement the existing commercial uses for
the benefit of the residents and employees in the general area.

2. CD 18 Zone: The intent of the CD18 Zone is to accommodate higher quality
light manufacturing and warehousing uses which generally require larger sites
which are augmented with a limited range of retail, wholesale and service-
oriented uses consistent with the OCP.

3. CD 19 Zone: The intent of the CD 19 Zone is to accommodate uses which
are appropriate in a business park setting with uses oriented to office and high
quality light industrial and manufacturing uses which are environmentally safe
and clean. A separate CD zone with very similar uses will eventually be
placed upon the municipal lands to the north to regulate development within
the future business park .

MNotwithstanding the intent of each CD Zone relative to the OCP land use
designations, the QRA risk contours and the MIACC guidelines will form the basis for
the land use decisions within each zone. Since no uses would be permitted on the
subject lands under the current operational scenario, the permitted uses in each zone
represent the broadest range of allowable uses under the alternate operational
scenario. Howaever, even when the conditions of the altemate scenario are met
within each of the three zones, there are some uses which would still conflict with the
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MIACC guidelines and be prohibited until such time as either the chlorine storage at
the plant is further reduced; technology changes; or, the plant closes. The uses
permitted under the alternate operaticnal scenario and those which would be
prohibited by covenant until they would satisfy the MIACC guidelines are identified by
zone within Bylaw 6762.

b) Development Regulations: The recommended size, shape and siting regulations
for each CD zone are generally based on the existing commercial and light industrial
zone regulations. A matrix (Attachment F) compares the development regulations for
each of the three CD Zones. The Bylaw also establishes landscaping and parking
regulations.

REQUIRED AGREEMENTS:

In order for the rezoning and utlimately the development of the realigned highway to
proceed, COPL will execute restrictive covenants and covenants under Section 215 of the
Land Title Act. These will be registered against title to COPL's development lands and
remaining plant lands and are designed to enforce the limits on land use, and the chlorine
storage/shipping conditions at the Plant, as identified in the QRA. The overall
implementation process for these agreements are set out in an umbrella "Implementation
Agreement” which will be signed by the District and COPL. Specifics on the
implementation agreement and the series of covenants are outlined in Attachment G.

Timing/Approval Process:

If the rezoning proposal is acceptable to Council, it is recommended that Bylaw 6762 be
held at third reading until the conditions of the alternate scenario are achieved and verified
and the required agreements are executed and registered. Following compliance with the
conditions of the alternate scenario, execution of the agreements and adoption of the zoning
bylaw, COPL will advance it's share of the construction costs for a realigned Dollarton
Highway.

Public Input:

In May 1994, staff and COPL held three public meetings to outline the proposed realignment
of Dollarton Highway, the development of COPL lands and the future municipal business
park. The majority of the public concemns expressed at those meetings involved the
implications of the road changes and the possibility of “big box” retail uses. Since that time,
there have been discussions with the local business and residential communities regarding
the road realignment and the other necessary traffic changes in the area. However, the
issue of the proposed land uses has not been a point of contention for the area residents
and business owners.

Documend Mo: 53045
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Advisory Planning Commission:
This proposal was initially reviewed and supported by the APC on April 19, 1995, however,
this was without the benefit of the QRA Study. The APC reconsiderad the proposal at its

meeting on April 17,1886 and recommended support in principle subject to any risk issues
being addressed in the restrictive covenants (excerpt is included as Attachment H).

PUBLIC HEARING:

The earliest date for a public hearing is June 11, 1996.

Doug Allan
Registered Planner
Senior Development Planner
DAANd/dw
BEVIEWED WITH. BEVIEWED WITH. HEVIEWED WITH: HEVIEWED WITH.
O Communications Q Finance External Agencies: Advisory Commitises:
Q Env. Protaction QO Fire Services O Recreation Commission Qo
O Human Rescurces O Lageslative Sarvices O Library Board .
O Eng. Public Works O Land O Health Dept. o
O Eng. Admin. O Permits & Licenses O RACMP
QO Eng. Parks O Planning Q Othar:
QO Social Planning
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The Quantitative Risk Assessment Report has been prepared for CXY Chemicals at ifs initative m
furtherance of CXY Chemicals corporate social responsibilities and its responsibilities as a Responsible
Carc® member of the Canadian Chemical Producers Association. The Quantitative Risk Asscssmenl
Report was prepared as the basis for developing a multistakeholder nsk communications ﬁnrurna:rddm]:fg
and to provide for loog term risk management. We belicve that a reasoned approach to the issues is
required in order to properly respect all stakeholders concerns, especially those ufmrfinpluyma, Ih:
mnmmnhy.mdihcmmsuﬂt:hushﬁiuﬂﬂchdirﬂymﬂiu&imﬂlyr:lynnlh:cmtmmi-upuntm
of our North Vancouver facility.

The Quantitative Risk Assessment Report oo its own is a very complicated technical and statistical
enalysis that must be understood in its propercontext. Msu:h,mvmﬂdhep_lumitﬂhuwwum.e
presentation that will provide additional inforfmation crucial to a full understanding of the report.

Should you have any questions of comments with respect to the Quantitative msk Aﬁsrssmm_'ﬁ.:pm,m
would be pleased to discuss them with you. We strongly urge and inviie all interested parties to make
inquiries regarding their concerns. All inquiries should be directed to Brian Thomton, Plant Manager, at
604-929-3441.

Yours truly,
CXY CHEMICALS CANADA LIMITED PARTNERSHIFP

prifp

Brian W. Thomton
Plant Manager
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ADDENDUM

May 8, 1895

The attached graphs depict the situation with a 500 tonne
maximum inventory.
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INTRODUCTION

The District of North Vancouwver and the Vancouver Porl Corporation have
proposals to develop soma of the land nerh of Canadian Oxy Chemicals® North
Vancouver Plant (the general area of the plant and the proposed developments
are shown in Figures 1-1a and 1-1b). This plant manufactures chlorine and large
quantities of this malerial are commonly present at the plant. Chiloring is a toxic
gas and can pose a significant hazard at relatively large distances if released from
its containmenl into the almosphere. As par of its Responsible Care commitment
and in order 1o assist in land use planning in the vicinity of the plant, Canadian
Oxy Chemicals have commissionad tha presant study 1o assess the public safety
risks associated with the operation of lh!:—; plant.

The objective of the present report is to examine, in quantitied form, the public
salely risks of the North Vancouver Planl. The emphasis is on public safety, that
is, on accidents with a low expected frequency but high potential consequences
in lerms of public fatalities or injuries, rather than public health {which would
generally imply an assessment of long term impacts of relatively rouline releases
into the environment) or occupational health and safety (in which casa the
emphasis would be on ll'u,,? day-to-day health and salely of plant personnel).

The level of detail in quanitalive risk assessments, and hence the accuracy of the
eslimated risk, can vary significantly, depending on the scope selected at the

beginning of the assessment. The current scopé provided for the fallowing:

. familiarization with plant systems and operalion based on review of plan!
drawings, findings of existing studies, and a brief sile visil,

identification of the more significant events which could lead fo releases

wilh polential public consequences, based on the review and plani visit,

BOVAR-CONCORD Environmental
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. estimation of frequencies of nese avents based on a combination ol
historical accident data and top level! faull irees wheare historical data were
not sulficient,

estimation of hazard zones and potential conseguences 1or the release
avenls, using state-of-the-art dispersion and vulnerability models, taking
into account the commaonly encountered weather conditions at the plant
sita,

aslimation and presentation of risk in quantitative tarms, by combining the
lrequency and conseguency information, and

. evaluation of this risk by comparing it io commonly used acceptability
crleria.

Twao cperational scenarios have bean examined in this study. Thea firsl scenario
consists of the current operations; the second case consists of operaling with a
much reduced chlorine inventory than the present cperalions aliow, using a single

starage tank further sirengthened against earthquakes, and without the use of the
barge. 1

The phenomena leading to releases, and once the release event ocours, the
bahaviour of the released malenal in tha almosphera, are very compléx, hMany
simplifying assumptions are therefore reguired in carrying out the gquantitative
analysis ol fisks associated with these events. For proper interpretation of the
resulls, itis essential that the readers of this report understand the basic concepls
undedying the calculation of risk levels as well as the simplitying assumplions
involved in the analysis.

Fhe report accomplishes this objactve by first presenting a discussion of basic risk

concepls and definitions in Section 2. alang with commonly used risk acceplability
guidelines.  The plant sysiems are then descrbed briefly in Seclion 3. In

BOVAR-CONCORD Environmental



1-5

Section 4 the selection of potential release scenarios and eslimafion of event
frequencies are discussed. Meteorology of the area, in terms of the paramaters
relevant to chlorine spills, is described in Section 4. Eslimation of potential
“individual® consequences of releases, and the hazard zones under selecled
weather conditions, are presented in Section 6. Individual risk contours
(i.e., variation of individual risk as a lunction of distance from the risk source) are
given in Section 7 along with a discussion comparing the estimated risks to risk
acceplability guidefines. Options for fulure diréction are then discussed in
Section B.

BOVAR-CONCORD Envireonmental
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BASIC RISK CONCEPTS AND DEFINITIONS

DEFINING AND CALCULATING RISK

Risk is defined as a measwre of frequency and severty of harm dus io a hazard.
The hazard is the presence of chemicals having various characteristics: loxicity,
explosivity, inflammability, ete.

Rigk is characterized by the nature of the harm, L.e., to humans, to property or to
the environmeant. In this report, the harm-is characlerized by the “probability of a
givan affect on a selected type of receptor”. The emphasis howaver is on hamm
to humans in terms of fatalities, we are therelore calculating the risk of fatality.

Salely is relative, it is a judgement of the acceplability of risk: an activily is
considered safe if its risks are considered acceptabie. This definition of safety
emphasizes the decision making process. It racognizes that thare is no such thing
as "zero risk™ because no matter whal precaulionary sieps are faken, there is
always some chance of an accidental release ol a2 dangerous substance and a
chance that someone may be adversely affected.

The common and convenient measure of risk dug o a specific hazardous event
i5 calculated by:

Ewvent Eveant " Event

Hisk Freguency Consequence

There are many possible hazardous evenis for any laciity, which depend on the
quantity and nature of storage or process vessels, piping, valving, loading and
unloading operations, ete. Each possible hazardous event conlribules its share
to the overall “lacility risk”, which is calculated by summing the risks of all possible
events that could occur in the facility. In osder lo simplify the risk analysis, events

BOVAR-COMNCORD Environmental
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wilh similar consequences are considered in groups, such as "large releases” or
“small releases”.

Fublic risk can be thought of from an individual and a societal perspectivea,

Individual risk of fatality is the chance (in any yoar) that a person living near a
hazardous facility might die due to polential accidents in that facility. Since the
severity of impact of accidents usually decreases with distance from the facility,
the individual risk (of fatafity) will decrease with distance. The variation of
individual risk around a facility is usually presented on @ map in terms of constant
risk knes or contours. Other factors, depending on the nature of the accident,
such as wind direction, topography, climatic conditions, all affect the risk zones
and hence the risk contours. Simikar riéh contours can be drawn for risk of injury.

Sociatal fevent) risk is the expected number of fatalities for that event {the product
of event irequency and even! consequences in terms of the number of potential
fatalitias if that event occurs), Societal facility risk is the tolal expected number of
fatalities in a year due 1o 2 hazardous laciiity and is estimated from all possible
even|s.

Secietal risk can also be thought of as the number of people exposed 1o given
levels of individual risk {le., the number of people within the individual rsk
conlours), which can be visualized easily when the risk contours are presenied on
a map showing land use. The risk acceplability guidelines proposed by MIACC
(Major Industrial Accidents Council of Canada) are based on this interpretation ol
societal risk (see below). The emphasis in the present report for presenting risk
information will thergfore be in lerms of risk contours supermposed on @ map.
Societal risk inlormation is sometimes presented graphically showing the relation
between event frequencies and the number of paople that could be affected by
each event. These graphs are called "FN Curves™ or Frequency/Number curves.
in some loreign jurisdictions, risk acceplability guidelines are cast in the form of

BOVAR-CONCORD Environmental
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FN curves. Presentalion of results in this lorm has not been attempted in the
presant reporl.

RISK ACCEFTABILITY

Acceplability of risks depends on the nature of the risk and whoe may bear it.
Every person faces risk in every aspect of their life, some are faced voluntarily,
some are imposed. Generally individuals will adjust behaviour or actvities to
reduce voluntary rnisks to an acceplable level, but for imposed risks they may have
no degree of contral or influence. .
Broadly there are levels of risk thal people will accept, and other lavels that they
will nol.  Adjusting risk levels often irnq:ftes casts (of risk reduction aclivities) that
may be bome by persons other than those who bear the risk, and benefits (of
reduced risk) thatl are often altribuled lo parsons other than those who bear the

costs, The levals of costs and benafits as weall a5 who boars or receives them will
aliect the acceptability of risk.

The judgement of risks maans that “tolerable™ or "acceplable” risk levals will vary
with the benefits and costs no matter how they are calculated and by whom. In
between the "not al::cap:_a.me' risk l@vel and the “acceplable” risk ievel is the area
where risks may or may nol be acceptable depending on the situation. Risks in
this area are generally acceptable only if all reasonably practical measures have
been taken lo reduce risks.

Risk acceptabilily criteria are clten set based on the premise that the risk being
evaluated should not make a substantial addition to existing nsk of everyday life.
An increase of 1% (over existing levels) in the individual risk of death due lo a
specific hazardous activity is the basis of many crileria ol non acceptable of
inlolerable risk. Acceplabie or lolerabla risk criteria are generally laken as a factor
of 10 to 100 less than lor intolerable risk. Between intolerable and toleraiée risk
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levels, risk reduction is desirable, The reduction in nsk levels is achieved by
taking risk control maasures {see balow).

Individual risk is ollen expressed in lerms of an annuwal probability of death for an
exposed person. An annual probability {or chance) of death of one in a million
often taken as an acoceptable level - this level is written mathematically as 107 per
year, An unacceptable annual probability of death is commonly taken as one in
10,000 which is written mathematically as 107 per year.

In Canada, MIACC developed the risk acceptability criteria presented in Figure 2-1.
These crileria are specified in terms of allowable land-uses for specified levels of

individual risk. This approach implicity provides a guideline for allowable societal
risk in one simple statement. g

THE RISK MANAGEMENT PROCESS

The process of estimating the risks of a facility, judging ils safety, and
development of nisk control measures if required, comprise the nsk management
process. The steps in the risk management process are shown in flow chan form
in Figure 2-2,

System description consists of understanding the components of the facility and
how it operales, establshing an inventory of dangerous subslances used,
manuiactured during the process, or produced, and the surrounding area that
might be atfecled by the events in the facility, in terms of population, land-use. and
cimale, elc.

Hazard identification answers the question: What can go wrong? Potentially
hazardous events are identified and defined in this step. For example, in 2
llzmmable liquid storage tacility, the realization thal a release might lead to a pool
fire andlor an explosion, and thal there could be small, large or catasirophic
releases, consiitules the hazard idenfihcabon sied

BOVAR-CONCORD Environmental
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FIGURE 2-1 MIACC's Risk Acceptability Criteria (based on Annual Individual Risk)
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FIGURE 2-2 The Risk Management Process
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Belore risk can be managed. it must be understood. Risk analysis defines the risk
ol a hazardous facility and the reductions in risk achievable given cerain rigk
control measures. It answers the following questions for the identified events: How
oftan iz the event expected to occur? and, if it occurs, Whal are the consequences
of Ihe ever? Frequency analysis makes use of historlcal accident data in simiar
facilities. For very rare events, lault and event trees are aiso used. Consequence
analysis consists of modelling the behaviour of releases of hazardous substances,
and their impacl on critical receptors making use of dose/response (vulnerability)
data and models. Hisk analysis is the process by which the frequencies and
consequences of events are estimated and then combined to guantity risk. The
rasulls of risk analysis are used extensively in risk managemen! decisions
throughout the world.  The gnceriainties in estimating the chance of rare events,
and in projecting the eflects on human'pupuralims.. are conzsiderable. However,
high uncerainly doés not mean high risk. Estimation of uncertainties in risk
estimates is currently an area of active research.

Risk evaluation answers the questions: Is the risk judged fo be accepiablo?, and,
Do we need o do anyfhrnglabaul' it? Whether we judge a nsk 1o be small or large,
acceptable or unacceptable depends on many factors. Voluntary risks ara those
we assume due o some. perceived benefil, e.g., smoking, sky-diving. Involuntary
fisks are imposed on ]::-Enplﬁ by decisions made by others of by natural
accurrence, e.9., second-hand smoke, viclant slorms. A hazardous lacility is often
SEEen as posing an involuntary risk on someone living nearby (especially it the
facility is new), bul it might be seen as a voluntary risk if semeone chooses to live
near an existing facility provided that the person is aware of the risks belore
moving thare. The MIACC risk acceptability crileria are designed for cases of
inveluntary risk such as due 1o hazardous facilities. They are intended to be used
as public salety guidetines, along with economic and socio-political considerations
in making a decision.

Communication of the risks to the public exposed o these risks, and public
participation regarding 1he acceplability ol these risks amnd the risk control
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measures thal would be implemenled, are essential componenis ol the risk
managemenl process.

The combined process of risk analysis and risk evaluation is usually called risk
assessment,

It the risks are judged 1o be acceptable, then further risk control measures, or
system changes, will not be required. Howewver, in this case, It is essential 1o
develop programs to monitor the situation so thal it does not deteriorate over a
period of time. Safety audits are among {he tools used for this purpose.

It il is judged that further saltety improvements are required, risk control options
i
introducing system modifications, would be examined.

Uncertainty analysis answers the question: What are the limits of accuracy?

Risk estimates are based on simplilying assumptlions and lailure rate data that
have associaled error bands with it. As a resull, evaluation of these uncertainties
is an important parl of 8 comprehensive risk assessmentiisk management
program. Furthermore, fhere is always concemn with the underestimalion of risk,
and thus the upper bnun:d eslimales are of greater interest than the lower bound.
In the present study, upper bound estimates were used where warranted by lack
of definitive data.

Risk confrof answers the question: What can be done lo reduce the risks? Risk
can be reduced by decreasing the chance andfor consequences of hazardous
events, Risk control measures can be broadly classified inlo

¥ process salely management, which includes technological measures, such

as design changes, inventory reduction, elc., and management Measurcs.

such as inspection, maintenance, training and woik praclices,
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5 land-use restrictons, and
. post-incident management, such as emargency response plans and
EXErcises.

Risk control measures will have certain costs associaled with them. By estimating
the risk reduction possible for each oplion, it is possible to assess the costs and
benefits for each oplion, and informed decisions on which option should be
selected can be made on this basis.

BOVAR-CONCORD Environmental



3-1

SYSTEM DESCRIPTION

The North Vancouver Plani produces chloring, caustic soda (sodium hydroxide)
and muriatic acid (hydrechloric acid) using the “Chior-Alkali Process”. The process
uses three raw malenals: salt (sodium chloride), waler and electrical energy. A
purified sall solution is led into an electrolylic cell. In the cell, an alectrical current

passes lhrough the sall solution, between elecirodes, decomposing it into its basic
elemants.

The chemical reaction for this process can be represented by
2MaCl + 2H,0 + electricity — Cl, + H, + 2NaCH

i
Approximately 2900 kilowatt hours of electricity are required to produce one tonne
of chorine, 1.13 tonnes of sodium hydroxide and 29 kilograms of hydrogen.

The annual plant producticn ranges from 110,000 10 145,000 tonnes o chlorine.

The plant layout is shown inFigure 3-1 and a simplilied llow sheel of the chlorine
system is given in Figure 3-2,

Brine: (Hall solulion) ‘

The raw malerial is sofar evaporated sodium chloride cologquially termed comimon
sea sall and comes 1o the plant by ship from Mexico. I is unloaded by convayors
te salt hoiding tanks and a paved pad. Fresh and recycled process water is added
to the salt 1o lorm a satwraled sall solulion (raw bring). This raw bring also
contains impurities primarily calcium and magnesium that come with the salt. The
raw brine is purified by adding sodium carbonate and caustic soda; then tiltered
and sent 1o the cell house. Here it is warmed by exchanging heat wilh the warm
hydrogen gas from the celis. Belfore the healed brine is pumped 1o the diaphiragm
cells, it is resaturated with sall that has been recovered in the evaporation of the
caustic cell hguor
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FIGURE 3-2 Simplified Flow Sheet for the Chlerine Processing System
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Electrolytic Cells

The electrolysis, i.e., the decomposilion of sodium chioride solution or purified
bring, occurs in 322 cells divided into three circuils. The cells in each circuit are
connected in series and arranged in rows in the cell house, A cell consists of:

The metal anode, or positive electrode.

- The steel cathode, or negatve electroda located in the catholyte chamber,
The diaphragm. It iz a characteristic feature of the electrolytic cell that the
anode compariment and the cathode companment are separated by a
semi-permeabie partition wall, a"diaphragm-

The electrolytic process begins by leeding purified, saturated, warm brine inlo the
cell and allowing the direct electrical current to cross the electrodes. The negative
chioride jons are altracted 1o the positive anode and react 1o form chloring gas.

The chlorine gas is collected within the fibreglas top and then flows into the main
pipeline under a negativg pressure developed by the chloring compressor. The
negalive pressure or suci.iun {like 1hat developed by a vacuum cleangr) acls as a
salety feature, preventing the leakage ol chlorine cell gas in the surrounding area.

The positive sodium ions are attracted to the negative cathode and react with
walter 10 form sodium hydroxide (causlic soda) and release hydrogen gas.

About 50% of the brne ted 10 a cell is converted o caustic soda. The solution
leaving the cell, called “cell liguor™, contains aboul 12% causltic soda and 15% salt
and is sent to storage tanks belore being fed o 50% and 73% caustic evaporalors
for concentration and sall removal
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The hydrogen gas coliects in the top portion of the cathods chamber and llows intg
a common collection pipe outside the cell to a hydrogen tower where it is cooled
by contact with cool brine. The hydrogen is then compressed and used as a lugl
in the boiler, and also bumead with chlaring to produce munatic acid,

The Diaphragm

The key 10 a safe and economical cell operation is the diaphragm. The cfaphragm
serves two imporlant functions: First, it separates the hydrogen gas from the
chlorine gas, which could ferm explosive mixtures it mixed in the cell. As an
additional safeguard, the hydrogen concentration in the chioring gas is constanily
monitored.  Second, the diaphragm prevents bulk mixing ol the cell liquor and

;
chloring gas, which is essential to the production of separate chlorine and caustic
products.

Periodically, an aelectrolyic cell must be pulled off the line and reconstructed,
Inslallation or removal of a diaphragm cell lrom a cell circuil 18 accomplished
quickly and safely by using an electrical jumper swilch which bypasses eleclrical
power around that particular cell,

Power Supply

The electrolysis process requires electic power in the form of direct current. Two
BC Hydro €0.000 volt power lings supply the power for the plant. This power 15
transformed by rectifiers to direct current before being wsed in the calls.

Chiorine (C1,)

The chlorine gas from tha celis is at first cooled by contact with water and dried
when contacled with sulphuric acid in three stages. The dry gas is lurther cooled
by direct contact with hiquid chiorine and purified in a purification column, The
putified chloring gas is compressed 1o 40 pounds per square inch, cooled and
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liquefied in lwo slages by reon liqueliers. (The gueliers work very much like the
relrigeralor in @ home.)

During this procedure, liquid chioring is produced in a conslant siream ready for
slorage and lor shipping to the customer. Ninety-nine percent of the chlorine
condenses with the remainder being absorbed by caustic solution in neulralization
lanks.

Under current operational proceduras, chlarine is stored on site (in liquelied form,
at about -20°C) in twa B00-tonne and one :Iilﬂﬂ'-ionnﬂ tank. Itis shipped to markels
by the tank barge Metlakaila, which has three (uninsulated) 300-tonne tanks, or
in rail cars (insuiated; 90-tonne capacity). Rail cars are sent lo markets either by
rail or by the rail barge Hyak King.

Under a second operational scenario examined in this report, only the 300-tonne
tank would be used and shipping would be by rail cars. The 600-tonne tanks,
which are used 1o suppon the barge operaltions, would not be used along with the
barge.

Hydrogen (H,)
The hot hydrogen gas from the cells is cooled by contact with brine, compressed
and used as auxiliary tuel in the boiler, s0id as gas, and burned with chloring to
produce munatic ackd.

Steam Plant

The steam planl consists of two Riley-type steam generators, commonly called
bailers. Each unit has a maximum capacity of 100,000 Ibs. of steam per hour, al
a pressure of 150 pounds per square inch. The boilers are tired by natural gas,
hydrogen and fuel od. Natural gas supplied by B.C. Hydro is on an interruptinle
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basis, that is, it i5 diveried 1o the community when household fuel demand is
highesl, during cold weather. Af this time hydrogen and fus! oil is used.

Caustlc Soda (Sodlum Hydroxlde, NaOH)

The cell iquar from the eleclrolytic cells is evaporaled in three slages with steam

produced by the bailers. During the evaporation, the sail precipilates as crystals,
is separaled, washed and recovered. The recoverad salt is used, as mentioned

praviously, in resaturating the cell bring. The 50% caustic soda product is coolad,

fitered and pumped to sterage from where it is shipped. A side stream of 50%
caustic is further concentrated to 73% belore going to storage for shipping.

Muriatic Acld (Hydrochlorie Acid, Hlﬁl}

A small stream of compressed hydrogen is burned in the presence of chioring o
produce hydrogen chlomde gas. This gas is then absorbed in waler to form a
sgiution which is 35% muriatic acid and 65% water. This solution is stored in
fibreglass tanks lor shipment.

SAFETY AND ENVIRONMENTAL PROTECTION

Emergency Vent Scrubber (EVS)

The {EVS) chloring scrubbing system was installed (o handle process upsels in the
diaphragm cells andfor the chloring liquetying system. The systern is designed 10

handle the entro plant capacity lo provent chlorine being venlad 1o the

almosphare, however, aclual usage is measured In seconds oF MINUIES.
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Disposal Tanks - Chlorine Meulrallzation
There are five disposal tanks situated arpund the piant that are used to absorb
chlorine vented from empty rail cars, storage lanks, barge tanks and the
uncondensed gas from the chloring liguefying system.
The two above systems use 15% caustic soda as the absorbing medium. The

spenl caustic soda (now bleach) is broken down to salt and retumed to the sall

alrgd.
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4-1
HAZARD IDENTIFICATION AND FREQUENCY ANALYSIS

The methodolegy used for identifying potential hazards associatad with the North
Vancouver Plant and the techniques used in analyzing the frequency of occurrence
of these hazards are described in this seclion. The hazardous events selecled for
further analysis and lheir estimated frequencies are also presented. The
hazardous events of interest to the present study are the cccurrence of chiorine
releases into the atmosphere. The major hazard of concern is toxicity of a chloring
cloud that has the potential to impact areas outsida the plani boundaries.

TASKS UNDERTAKEN FOR HAZARD IDENTIFICATION

The tasks undertaken as part of the hazard identification phase consisted of the
following:

: review of an existing hazard and operability study (HAZOP) previously
undertaken by Canadian Oxy personnel on critical systems,

. review of the drawings sent to Concord,
site inspection at the plant during Qclober 25 to 29, 1993, and
systemalic examination of sach plant system from the point of view of
potential chioring réleases.

FREQUENCY ANALYSIS TECHNIQUES USED IN THE STUDY

Several approaches were adopted in the study to estimate the frequency of
hazardous events.

The first approach involved using the exisling historical accident records lor
chloring releases. Numerous sources were contacted to oblan the historical
records. These wera examined to see if they could applied in the risk assessment.
The various sources contacted during the project are identitied in the following
discussion on the histarical records and the resulls obtained are presented.
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The second approach invelved Fault Tree Analysis which is 3 commen approach
when the evenls of interest have a very low probability of cccurrence, ie., they
have occurred only very infrequently or not at all in the past. Top level fault trees
are presanied. for selected systems which could not be medalled adequately based
on historical data alone. A brief discussion of these techniques is provided prior
1o the frequency analysis resulls for each system.

The balance of this section will be organized according to the system analysed.
A discussion will be provided on the approach used in the estimation of event
frequencies for each system. Each event is designated by an identification code.
This discussion will include the assumptions made. The final resull estimated for
each scenario will be provided.

Historical Incident Records

The use of historical records in risk assessment assumas thal the historical record
iz complete and the population of events is large enough so that the event
likelihood determined is statistically significant. The record of reporied occurrences
should include failure modes such as human factors, common-cause failures,
management systems and industrial sabotage (CCPS, 1983).

The application of incident records in risk assessment must satisty several crileria
which include:

. the number of recorded incidents must be related 10 some exposure tarm
(caled a divisor) so thal a frequency estimate can be made, e.g., plant
years, pipeline mile-years, truck km, etc.;

’ data are from an appropriate source, i.e., applicable 1o the case al hand;

. sufficient records exist 50 that the data are statistically meaningful.
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Several sources wore identified and approached during the study in order to

davelop incident likelihood astimates for the plant. The following contacts wera
made:

. Environment Canada, Environmental Emergencies Branch

. Ministry of Envirenment and Energy, Ontario Aclion Center;
BC Environment, Environment Emeargency Office;

. L.5. Environmental Protection Agency, Chemical Emergency Preparedneass
and Prevention Office.
The Chlorine Institute.

The data cbtained from the Chlorine Institute were chosen on the basis that it
represented the largest population of operating producers of chlorine. Release
data from the Chlorne Institute covers the period 1989-1992. Data on provinclal
incidents provided useful information on the incidents for producers and users in
each province but the number of producers covered is small when compared o
the Chlorine Institute data base. The federal government database (NATES) s not
as comprehensive and is not. complete for the later years, eg.. not all the
provincial Incidents are included In the NATES dalabase. It provided useful
incident informaticn suitable for use in the hazard identificalion slep, but not

suitable for use in fraqua-nt;y'anarysis. The information from the US EPA suffers
from similar limitations.

External Events Analysls

External events can impact the plant and lead e major hazardous events. The
major calegories are:

Natural Events - earthquakes, fioods, tamadoes, extreme temparatura, fightning,
ale,
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Man-Induced Events - aircraft crash, missile, nearoy indusirial activity, sabolage,
elc.

Some of these evenls were considered in the frequency analysis. Earthguakes
were found to be the most significant external events for present purposes. The
earthguake analyses conducted for the present study are presented in
Appendix A1 ({(a) and (b)).

The typical steps when determining the event frequencies associated with external
events ara:

- estimate the plant system/structural response 1o a specified external hazard
intensity, e.g.. the response of interesl is a failure leading lo a release of
chiorine as compared lo a failure which might lead to nonelastic
deformation of the equipment. The response to external events is usually
expressed in probabilistic terms in nuclear plant risk assessments, however
in the chemical processing industries, simple peint discrete estimates are
generally adequate (CCPS, 1389);

. estimate the frequency of exceedance ol this intensily, e.g., annual
probability of exceedance for the discrete event;

. estimate the frequency of failure;

incorporate this frequency into plant system and sequence analysis (fault
and event trees).

Soma of the uncerainties ascoclaled with external event analysis is the
component lragilnw-.rulnarai:iiitf analysis. Also, when external event resulls are
combined with historical failure dala, the possibdity of double counting exists.
Uncertainties with external evenis analysis are potentially higher than other parts
of the frequency analysis (CCPS, 1983).
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Fault Tree Analysls

Fault trees are loglc diagrams that show how a system can lail. Fault tree analysis
usually starts with a lop event Identified in the hazard identification step. Top
evants are major avants such as toxic or flammable material refeases, or vassel
failures. 10-20 top evenls are usually sufficient to characterize the risk from a
single process. Beginning with the top avent, the necessary and sufficlant causes
for the top event are identified together with their logical relaticnship. This is

accomplished using a "backward logic®, asking queslions like “How can this
happen?" or "What are the causes of this avent?" To follow the events within a

plant, it Is useful to use a guide word approach, and for each line ask questions
like:

What would cause [no, mora, lass] [flow, p’ra-ssumj in this fine ?

and go backwards until an basic event with a known frequency, such as pump
failure or human error, is identified.

Fault ree construction is an art rather than a science. Manually consiructad fault
reas ara inherently Eubqactll.ra; and may be incompiate. Howaver, the technique
allows the fullest possible expression of the analyst's understanding of the system
and can provide great ]n::z.'lghts into the polential failure modes. Manual
construction of faull trees is tha most common approach,

In the present study, fault trees have been used in developing some of the gvent
frequencies, as described in Appendix 2.

SELECTED REPRESENTATIVE RELEASE EVENTS AND ASSOCIATED
FREQUENCIES

Tha hazards identified as a result of the hazard identification step are described
in detall in Appendix 2, separately for each system at the plani, starting at the
shipping end, and working backwards through the process units.
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Also presented in Appendix 2 are:

i) the details of application of the above frequency analysis methods to these
hazard events, and

1] the selection of events for further examination, taking inlo account their
frequencies, and their potential impact potential where possible.

The events selecled for further examination on this basis are summarized in
Tables 4-1 and 4-2, for the operational scenarios examined in the study. The next
step in the risk assessment is heavy gas dispersion modelling as part of the
consequence analysis, followed by vulnerability analysis.
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TABLE 4-1 Summary of Events Selected for Further Analysls
- CGurrent Operatlonal Setting
——————— — . —-
i DESCRIFTION FREQUENCY
(eventiyear)
— L I ] _ === |
l 11a | Large Breach ol 600-1onne Storage Tank 21 %10
1.1b Large Breach of 300-onne Storage Tank 21 x 10"
1.2 Small Breach of 800-lonng Slorage Tank 102
. 1.4 PS5V RAelaasze from Storage Tanks 0.094 I
21 Large Breach of Pump Tank 2.1 %107
P=—mere——
3.1 Breach of Liquid Line to Barge (Long Segment), 0.14
3.2 | Breach of Liguid Line 1o Barge (Small Ssgment) 0.14
4 in-Flant Sasfliguid Line Emann_[High Pra B Side) 0.031
i 5.1 Large Breach ol Rail Car 1,26 x 108
.1 Large Breach ol Barge Tank (Marine Accidani) 10 u
6.2 Small Breach of Barge Tank 0% !
6.4 Barge Tank Loading Arm Failure 18210
I"‘ 7.1 Scrubber Relsaso ; 0.41
e = =
A Large Braach ol All Siorage Tanks - 2.1 %10 §
-

r
i
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TABLE 4-2 Summary of Events Selecled for Further Analysis
- Allernative Operatlons with Reduced Inventory
—
EVENT DESCRIPTION
11600 Large Breach of 300-lonne Siorage Tank - Large Releass 33x10®
1.10{) | Large Breach of 300-tonne Storage Tank - Medium 1.ax 10
Release
1.10(k) | Large Breach of 300-lonne Slorage Tank - Small Release 2.0x 10
1.26{]) small Breach of 300-lonne Slorage Tank - Large Reloase 1]
1.2b(k) | Small Breach of 300-lonne Storage Tank - Small Release o
1.4{) | Large Release from PSVs . 10
1.4()) Small Release from PSVs 0.094
2.1 Large Breach of Pump Tank 3.3 x 107
4.1 Large Release from In-Plant Gas/Liquid Line Breach 0.031
{High Pressure side)
4.2 =mall Release from In-Planl Gas/Liguid Line Breach 0.273
(High Pressure sidie)
Large Breach of Rail Car 1.25 x 10°%
Scrubber Release 0.41
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METEOROLOGY OF THE AREA

The frequency of occurrence of different wind conditions (speed and direction) and
turbulence regimes (atmospheric stability) are required so that potential impacts
of spills occurring under these dilferent weather conditions can be properly
incorporated into the risk analysis.

The terrain surrounding the Plant is very complex (Figure 1-1). The winds and
dispersive conditions are influenced by high hills and mountains, the presence of
the water body, as well as the channelling effect of the Burrard Inlet. The nearest
Environment Canada station In the area where data suitable for eslimating
atmospheric stability using standard schemes i at‘-.f.anmu'.rer International Alrport.
This location is too far from the Plant, with a very difierent topography. The data
from this station are therefore not useful for the purposes of the present study,

There are several GVRD stations in the arza. The slation closest o the Plant is
tha Second Narrows Bridge Station (Station T6) which is located east of the Bridge
and west of the Plant. The data from this station includa (vectorized) hourly wind
speed and direction data hur- not any measurements which can be used for
determining almospheric stability. Thers are three other GVRD stalicns in the
area where, in addition to wind speed and directicn, lemperature is also measured.
Thess are Anmore {T7), Rocky Foint Park (T9) and Burnaby Mountain (T14)
Stations. These stations are at different heights from the sea level (about 150 m,
0 m, and 400 m, for stations T7, T9 and T14, respectively). Although the
meteorclogical parameters measured al these stations are not sulficient to
aslimate atmospheric stability at any one of these locations, it is possible to derive
an approximate effactive stability class using the temperature measurame nts fram
the three locations with a temperalure-gradient-based schome assuming that the
temperatures from the three locations would be represantative of the temperatures
at different heights at the same |ocation. Clearly, this assumption would likely

introduce large uncertainties; howeaver il also represents the besl that can be dong
with these data.
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Two years' of data (1990-51) from the three stations (T/7, T8, T14) were processed
for the present study. The houry siabilities which were estimated for each
lemperature difference pair (T7-T9, T7-T14, T9-T14) were averaged to generate
an approximate elfective slability lo represent the dispersive regime for any
release al the Plant site. The hourly effective stabilily data generated in this way
were then merged with the houry wind data from the Second Narrows Bridge
Slation to generate a data set which would represent anproximately the dispersion
conditions in the vicinity of tha Plant,

Another dala set available for ws is the sel from Canadian Dxy's own
meteorological tower at the Plant. All mt;l meteorological parameters that would
be required for dispersion studies are measured at this tower. However, the
period of available data is very limited- (4368 hourly records in 1993, with large
gaps), and the quality of the archived data might be questionable since the primary

purpose of this system is to provide on-ine weather information in case of an
EMergency.

Keeping in mind the limitations of the available data sets, the two data sets were
analyzed for purposes of {ha present study. The wind roses for the two sels are
presented in Figures 5-1 and 5-2. The patterns are quite similar, indicaling that
the wind direction IFE{]I.I;EHEJI' information based on these data sets can be used
with some confidence. The stabilily informalion however poses some
uncerainties. The joint frequency distributicn of stability, wind speed and wind
direction from the two data sels are shown in Tables 5-1 and 5-2. The data have
been grouped together into bwo stability classes made up of Pasquill stability
classes A-D (unsiable to neutral) and E-F (stable), in anficipation of the ensuing
consequence assessment. Use of two classes provides sulficient resclution to
understand the range of possible hazard zones, while at [he same lime reducing
ine amount of eliort required in modelling the spill scenanos.
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FIGURE 5-1 Windrose for Second Marrows Bridge Statlon (GVRD Statlon T,
Years 1990-91)
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