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Irwin Torry 
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Irwin Torry 
The Magic Number(s) 

DIST. OF NORTH VAN PLNG . 

Within one mile of canoxy I can estimate the following number of units: 

532 single family 
379 townhouse 
386 apartment 

1297total 

This does not include secondary suites 
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0405 
Chlorine; CASRN 7782-50-5 (04/01/97) 

Health assessment information on a chemical substance is included in IRIS 
after a comprehensive review of chronic toxicity data by U.S. EPA health 
scientists from several Program Offices and the Office of Research and 
Development. The summaries presented in Sections I and II represent a 
consensus reached in the review process. Background information and 
explanations of the methods used to derive the values given in IRIS are 
provided in the Background Documents. 

STATUS OF DATA FOR Chlorine 

File On-Line 06/01/94 

Category (section) 

Oral RfD Assessment (I.A.) 

Inhalation RfC Assessment (I.B. ) 

Carcinogenicity Assessment (II.) 

Status 

on-line 

no data 

no data 

Last Revised 

06/01/94 

01/01/93 

_I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS 

_I.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD) 

Substance Name -- Chlorine 
CASRN -- 7782-50-5 
Last Revised -- 06/01/94 

only 

The oral Reference Dose (RfD) is based on the assumption that thresholds exist 
for certain toxic effects such as cellular necrosis. It is expressed in units 
of mg/kg-day. In general, the RfD is an estimate (with uncertainty spanning 
perhaps an order of magnitude) of a daily exposure to the hWTLan population 
(including sensitive subgroups) that is likely to be without an appreciable 
risk of deleterious effects during a lifetime. Please refer to the Background 
Document for an elaboration of these concepts. RfDs can also be derived for 
the noncarcinogenic health effects of substances that are also carcinogens. 
Therefore, it is essential to refer to other sources of information concerning 
the carcinogenicity of this substance. If the U.S. EPA has evaluated this 
substance for potential human carcinogenicity, a summary of that evaluation 
will be contained in Section II of this file. 

_I.A.l. ORAL RfD SUMMARY 

Critical Effect 
---------------
No observed adverse 
effects 

Rat Chronic Drinking 
water Study 

NTP, 1992 

Experimental Doses* 
-------------------
NOAEL: 14.4 mg/kg-day 

LOAEL: None 

UF 

100 

MF 

l 

RfD 

lE-1 
mg/kg-day 
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*Conversion Factors and Assumptions: Coses determined based on body weight 
and water consumption values from the study. 

_I.A.2. PRINCIPAL AND SUPPORTING STUDIES (ORAL RfD) 

NTP (National Toxicology Program). 1992. NTP Technical 
Toxicology and Carcinogenesis Studies of chlorinated and 
in F344/N Rats and B6C3Fl Mice (drinking water studies). 
and Hum.an Services. NTP TR 392. 

Report on the 
Chloraminated Water 

U.S. Dept . of Health 

In a 2-year study (NTP, 1992) Fischer 344/N rats and B6C3Fl mice 
{70/sex/group} were administered chlorinated drinking water containing 0, 70, 
140 or 275 ppm of available chlorine (based on IR measurements of available 
atomic chlorine) for up to 104 weeks. Based on body weights and water 
consumption values reported in the study, these doses correspond to doses of 
4.2, 7.3 and 13.6 mg/kg-day for male rats; 4.2, 7.8 and 14.4 mg/kg-day for 
female rats; 7.4, 14.0 and 24 mg/kg-day for male mice; and 7.6, 14.2 and 24.2 
mg/kg-day for fem.ale mice. Interim sacrifices of 10 animals/sex/dose were 
perfonned at 15 and 66 weeks. A complete necropsy and hematologic examination 
was performed on all animals at these times; additionally, a complete 
histopathologic examination was conducted for all animals in the control and 
high-dose groups. Results from these evaluations were unremarkable for both 
rats and mice. All animals were subjected to complete necropsy and a 
histopathologic examination at completion of the study. Survival among 
treated rats and mice was similar to controls. A decrease in water 
consumption noted in both rats and mice apparently was dose-related. Mean 
body weights of all dosed male rat groups, high-dose female rats, high-dose 
male mice and all dosed female mice groups appeared decreased compared with 
controls; th~se decreases never exceeded 10%. 

In rats, water consumption was decreased 21% for males and 23% for females 
at the highest dose from weeks 53-104. No decreases were reported in food 
consumption and survival rates were similar for all groups of animals (treated 
and controls). At interim sacrifices (14 and 66 weeks) no significant 
differences in body weight, organ weights or body-to-organ weight ratios were 
reported. No differences were reported in blood chemistry or gross or 
microscopic bistologic parameters. In the second year of the study, body 
weights were slightly reduced; however, the reduction in body weights was 
<10%. No other nonneoplastic lesions or effects were seen at 104 weeks in any 
treated animals. 

In mice, body weight$ were decreased 5-8% for males and 5-7% for females, 
and water consumption was reduced 31% for males and 26% for females. Survival 
rates were similar for all groups. Significant decreases were noted in brain 
weights at 15 weeks and liver weights at 66 weeks for the high-dose males. 
These effects were not reported at 104 weeks and may be attributed to lower 
body weights and reduced water consumption. No alterations were reported in 
hematologic or histologic parameters. 

The NOAEL of 275 ppm (13.6 or 14.4 mg/kg-day for male and female rats, 
respectively) is chosen as the basis for the chronic oral RfD. Mice received 
a higher dose on a weight basis (24 mg/kg) but effects, although equivocal, 
were observed. Doses between 14.0 and 24.0 mg/kg were not tested in rats. In 
addition, this NOAEL is supported by NOAELs from other chronic and subchronic 
rat studies. Therefore th~ 14.4 mg chlorine/kg in females is selected as the 
basis of the RfD. 

_I.A.3. UNCERTAINTY AND MODIFYING FACTORS (ORAL RfD) 

UF -- The uncertainty factor of 100 reflects 10 for interspecies extrapolation 
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and 10 for the protection of sensitive human subpopulations. An additional 
factor to account for the lack of reproductive and developmental toxicity data 
is not considered necessary because these data are available from existing 
studies conducted with the related compounds monochloramine and chlorine. 

MF -- None 

_I.A.4. ADDITIONAL STUDIES/ COMME»TS (ORAL RfD) 

NOTE: In pure water, chlorine forms elemental chlorine (C12), chloride ion 
(Cl-) and hypochlorous acid (HOCl). As pH increases, hypochlorous acid 
dissociates to hYPochlorite ion (OCl-). The term ufree chlorineu (free 
available chlorine, free residual chlorine) refers to the concentrations of 
elemental chlorine, hypochlorous acid and hypochlorite ion that collectively 
occur in water. Several factors, including chlorine concentration, pH, 
temperature, exposure to light and the presence of catalysts or organic 
material, affect the stability of free chlorine in aqueous solution. When 
free chlorine is added to water containing ammonia, chlorainines are formed. 
For more information about the chemistry of chlorines, see U.S. EPA, 1992. 

Other chronic oral studies as well as subchronic studies evaluating 
additional toxicologic parameters (hematology, serum chemistry and 
histopathology) support the NOAEL selected for deriving the RfD. These 
studies reported NOAEL values ranging from 10-24 mg/kg-day. 

Hasegawa et al. (1986) studied the potential adverse effects in rats of 
long-term ~xposure to sodium hypochlorite in drinking water. Sodium 
hypochlorite (14% effective chlorine, purity not specified) was evaluated in 
F344 rats (SO/sex/group) in a 2-year study at levels of 0.05% or 0.1% 
(approximately 13.5 and 27.7 mg/kg-day) in males and 0.01% or 0.2% 
(approximately 34.3 and 63.2 mg/kg-day) in females. Doses were estimated 
based on the authors• data. No difference in water consumption was observed 
during the experiment (104 weeks), except in the last 20 weeks when intake was 
higher in treated animals (10-20%). 

High mortality was reported in all groups; 62 rats died during the 
experimental period and an additional 49 rats died during the 8-week recovery 
period. Survival rates were similar in all groups and for both sexes. In 
treated males, body weights were decreased <10% compared with controls; 
decreased weights were 96 and 93% of controls for low- and high-dose groups, 
respectively. For females, body weights were decreased 11% in the low-dose 
group and 20% in the high-dose group relative to controls. However, weight 
gains of 1-9% were reported for all treated animals during an 8-week recovery 
period. In males, absolute liver and brain weights were decreased as well as 
absolute and relative heart weight at the high dose only. In females, 
absolute and relative salivary gland weights were decreased at the low dose 
but not at the high dose. Additionally, in females absolute kidney weights 
were decreased at the high dose. No dose-related changes in hematologic or 
histologic parameters were observed. It should be noted that the extremely 
high water consumption rates reported in this study appear to be inconsistent 
with those reported by other investigators who have reported marked reductions 
in water consumption at similar or lower chlorine concentrations. This 
inconsistency precludes use of this study as the principal study. 

F344 rats (SO/sex) received sodium hypochlorite in drinking water for 104 
weeks at doses of 0, 500 or 1000 ppm in males and 0, 1000 or 2000 ppm in 
females (Kurokawa et al., 1986). These doses correspond to O, 70 and 140 
mg/kg-day for males and 0, 95 and 190 mg/kg-day for females based on reference 
body weight and water consumption values (U.S. EPA, 1986). Following 
exposure, survival, clinical signs, water consumption and body weights were 
monitored. Hematologic parameters and serum biochemical analyses were 
evaluated, and gross necropsy and histopathologic examinations ware performed. 
In female rats a dose-related decrease in body weight relative to controls, 
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approximately 10% in those exposed to 95 mg/kg-day and approximately 20% in 
those exposed to 105 mg/kg-day, was observed. No other dose-related effects 
were noted. A LOAEL of 95 mg/kg-day, based on weight loss, is indicated. 

Abdel-Rahman et al. (1984) investigated the toxicity of hypochlorous acid 
in male rats (4/dose) that received dose levels of O, 1, 10 or 100 mg/Lin 
drinking water for up to 12 months. These doses correspond to approximately 0, 
0.14, 1.4 and 14 mg/kg-day (based on assumed daily water consumption of 0.14 
L/kg-day [U.S. EPA, 1986)). Although significant increases in blood 
glutathione levels and decreases in osmotic fragility were reported at various 
intervals in the study, these changes were inconsistent and did not indicate a 
dose-response pattern. A NOAEL of 14 mg/kg-day is identified for this study. 

Groups of B6C3Fl mice (SO/sex) received sodium hypochlorite in drinking 
water for 103 weeks at dose levels of 0, 500 or 1000 ppm (approximately 84 and 
140 mg/kg-day, based on data provided in the study) (Kurokawa et al., 1986). 
No statistically significant effects on survival, clinical signs, water 
consumption, hematologic parameters or serum chemistry were noted. However, 
body weight gain was reduced as compared with controls in animals receiving 
sodium hypochlorite. 

Male and female Sprague-Dawley rats (10/sex/dose) received chlorine in 
drinking water at dose levels of 0, 25, 100, 175 and 250 mg/L for 90 days 
(Daniel et al., 1990). Calculated dose levels were 0, 2, 7.5, 12.8 and 16.7 
mg/kg-day for males and 0, 3.5, 12.6, 19.5 and 24.9 mg/kg-day for females 
(conversion provided by the author). Food and water consumption and body 
weight gain were monitored and hematologic and serum chemistry examinations 
were conducted. Organ weights were measured and tissues examined from the 
high-dose group. No consistent effects were observed on any of the parameters 
tested up to 250 mg/L of chlorine. 

Groups of B6C3F1 mice (10/sex) were administered chlorine in drinking 
water at 0, 12.5, 25, 50, 100 and 200 mg/L for 90 dayS (Daniel et al., 1991). 
These doses correspond to 0, 2.7, 5.1, 10.3, 19.8 and 34.4 mg/kg-day for males 
and O, 2.8, 5.8, 11.7, 21.2 and 39.2 mg/kg-day for females (conversions 
provided by authors). Clinical signs, survival, body weight, and food and 
water consumption were monitored. Hematologic and clinical chemistry 
parameters were evaluated, and gross and histopathologic examinations were 
performed. A concentration-related decrease in average water conswnption was 
observed in both males and females with statistically significant decrease in 
females at the two highest doses. Decreased body weight gain, compared with 
controls, was observed in males and females with significant reduction (>10%) 
in males at the two highest doses; however, no other effects were observed in 
any of the other parameters measured. A NOAEL of 10 mg/kg-day is identified 
for this study. 

In general, animal studies have demonstrated no evidence of reproductive 
or teratogenic effects of chlorine. 

Druckrey (1986) studied the effects of highly chlorinated drinking water 
(100 mg/Ll given daily to seven consecutive generations of BD II rats. 
Solutions were prepared weekly by bubbling chlorine gas through tap water. To 
insure a stable total dietary chlorine concentration, dry rat chow was cooked 
with chlorinated water prior to distribution to the parental generation. 
Subsequent generations received chlorine only in the water and ate a standard 
diet, resulting in an average daily dose of approximately 10 mg/kg-day 
chlorine. 

Parental animals began treatment at 100 days of age. Rats were repeatedly 
mated and remained on treatment during pregnancy and lactation. Selected 
progeny were separated from their dams at 30-40 days and were designated the 
subsequent generation. Animals of the F3 and F4 generations consumed 
chlorinated water only until the birth of progeny. Subsequent generations 
remained on chlorinated water for their entire life span. Two groups of 
animals served as controls at the beginning and ending of the experimental 
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per iod . 

Weight gain among neonates was somewhat depressed during the first few 
days of life. By maturity the average body weight for all generations of test 
animals was about 5-10% greater than that of the untreated rats. Of 236 rats 
observed, no treatment-related effeets were noted on the life span, fertility, 
growth, hematologic measurements or histology of liver, spleen, kidney and 
other organs. The incidence of malignant tumors in the treated rats was not 
found to differ from that of control group rats. A NOAEL of 10 mg chlorine / kg 
could be identified from this study. 

In a reproductive study by Carlton et al. (1986), chlorine was 
administered by gavage in deionized water ot doses of 1.0, 2 . 0 and 5.0 mg 
chlorine/kg-day to male (12/dose group) and female (24/dose group) Long Evans 
rats for 66-76 days. Males were treated for 56 days and females for 14 days 
prior to mating. Dosing continued during the 10-day mating period and 
afterwards females were dosed with chlorine daily during gestation and 
lactation . Males were necropsied at the end of the mating period . Dams and 
some offspring were necropsied at 21 days after birth. Other offspring were 
dosed with chlorine after weaning until they were 28-40 days old. No 
statistical differences were observed between the control and dose group in 
litter survival, litter size and pup weight . Developmental landmarks such as 
the mean day of ey~ opening and the average day of observed vaginal patency 
also were comparable across groups . Adult male rats exposed up to 5 . 0 mg/kg­
day showed no adverse reproductive effects. A NOAEL of 5 mg/kg-day for 
maternal, fetal and neonatal effects can be defined from this study . 

CJH/HEJ and C57B1/6J mice were administered drinking water that had been 
treated with sodium hypochlorite and hydrochloric acid (10 - 13 ppm) to maintain 
the water at pH 2.5 over a 6-month trial period (Les, 1968) . Control animals 
received tap water, which varied in pH from 9 . 2-9.8, but was usually 9.6. In 
the ·treated animals, the number of mice born and the number weaned/dam were 
greater than in the control (p<0.01). The authors concluded that the 
treatment of CJH/HEJ and C57B1/6J mice with chlorine and hydrochloric acid had 
no adverse effects on their reproductive performance . 

McKinney et al . (1976) noted a periodic increase in reproductive failure 
among CD-1 mice. Mating, number of embryos per fertile female and embryonic 
development were affected. The effect was seasonal and was most severe in the 
winter. In the absence of any other observed variations in the animal 
husbandry, the authors attributed the reproductive deficiencies to the heavily 
chlorinated Durham, NC, city water consumed by the mice. 

Two attempts were made to repeat the observations reported by McKinney et 
al. (1976). Chernoff et al . (1979) found no significant difference in the 
reproductive parameters of CD-1 mice consuming Durham, NC, drinking water as 
compared with the control group maintained on distilled water. The animals 
were maintained on the test or control water for a 2-week period after which 
mating was begun. Dams were sacrificed on day 18 of gestation. Exposure was 
continued throughout the course of the study (December-September). Darns were 
analyzed for differences in numbers inseminated, number pr~nant, weight gain 
during gestation, organ we ight and percent resorption. Fetuses were examine d 
for skeletal and visceral anomalies as well as mortality and body weight. No 
statistically significant maternal or fetal effects were noted, except for a 
28 . 1% incidence of supernumerary ribs in the group conswning tap water 
compared with 21 .1\ in the control group consuming distilled water (p<0,05) . 

In a second study, Staples et al. (1979) reported no significant overall 
influence on the incidence of malformed fetuses (skeletal or visceral 
malformations) that could be attributed to the chlorination of drinking water . 
The incidence of malformations in the controls was 8 . 1% compared wi th 7.8% in 
treated animals. Differences pointed in the opposite direction of the finding 
of McKinney et al . (1976). Two significant effects occurred in the month of 
January, and one occurred in the month of February. In January, a lower 
number of mated females CD-1 became pregnant, and the average number of 
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implants/pregnant females was lower in the group consuming purified water. In 
February, the average fetal weight was lower in the purified-water group than 
in the tap-water group . Indeed , the presence of chlorine in the water seemed 
to confer a beneficial effect. The authors concluded that the results of 
their study did not support the findings of McKinney et al. (1976), although 
there were complicating factors in the Staples et al. (1979) study. There 
appears to be no evidence that would link chlorination a t levels consistent 
with current practice t o any adverse reproductive effects in the species so 
far examined . 

Hulan and Proudfoot (1982) studied the effects of sodium hypochlorite in 
drinking water on Shaver broiler chickens. Sodium hypochlorite was added to 
the drinking water of chicks (240/sex) at doses of 0, 300 , 600 and 1200 ppm . 
A significant (p<0.01) reduction was found in the weight of chick , testes at 
dose levels of 600 and 1200 ppm of available chlorine. At these higher 
concentrations, however , there was also a decrease in total body weight, food 
and water conswnption and an increase in mortality . 

Meier et al . (1985) demonstrated that oral administration of a sodium 
hypochlorite solution, but not hypochlorous acid, resulted in dose-related 
increases in the amount of sperm-head abnormalities in male B6C3Fl mice . Ten 
animals/group were given 1 mL of a residual chorine solution daily for 5 days . 
Test solutions were prepared by bubbling Cl2 into a lM s olution of NaOH and 
adjusting the pH to either pH 8 . 5 (predominant species OCl-) or pH 6.5 
(predominant species HOCl). The solutions were diluted with distilled water 
to 200 mg/L, 100 mg/Land 40 mg/L chlorine equivalents (8 . 0, 4.0 or 1.6 mg/kg­
day , respectively} . The mice were then sacrificed at 1 , 3 or 5 weeks after 
the last dose was administered. In mice given OCl-, significant increases in 
sperm~head abnormalities were observed only at the 3-week interval at doses of 
1.6 and 4.0 mg/kg-day. These results were reproduced in retrials of the 
experiment. HOCl administration at any dose was not assoc iated with increases 
in sperm-head abnormalities. 

six virgin Sprague-Dawley rats were administered 0, 1, 10 or 100 mg HOCl/L 
in drinking water for 2 . 5 months prior to mating. Animals were maintained on 
the treated water after pregnancy was confirmed (day 0) and kil l ed on day 20. 
Maternal weight at time of death was not reported . The incidence of fetal 
anomalies associated with exposure to hypochlorous acid solutions was not 
found to be statistically significant. Mean fetal weights from the 10 and 100 
mg/L groups were less than the control, but this decrease was not 
statistically significant . Neither was there a significant difference in 
numbers of resorptions between control and treated groups. Examination of 
general trends in the study indicated an increase (not significant) in 
skeletal anomalies in animals treated with 10 mg HOCl/L . Soft tissue 
anomalies for the 100 mg HOCl/L treatment group were increased significantly 
by comparison with the control . The findings of these experiments were 
limited by the small number of study animals. Some of the calculations o f 
anomaly percentages reported in the paper were incorrect . Furthermore, the 
rate of both skeletal and soft tissue anomalies appeared to be higher in the 
control group than.in the low-dose treatment groups (Abdel-Rahman et al . , 
1982) . 

Exon et al. (1987) reported immunotoxic effects when sodium hypochlorite 
(5, 15 and 30 ppm) was administered in drinking water to Sprague-Dawley rats 
(12 / sex/ dose group) from weaning to 12 weeks of age. Based on reference body 
weight and water consumption values for subchronic exposure (U.S. EPA, 1986) 
the corresponding intake of chlorine was 0.7, 2.1 and 4 . 2 mg/kg-day. 
Parameters monitored were body weight, spleen and thymus weight, antibody 
produc tion, delayed-type hypersensitivity (DTH) reactions, natur al killer cell 
(NKC) cytotoxicity, oxidative metabolis m response, phagocytosis by macrophages 
and production of interleukin 2 (IL2). The effects attributed to sodium 
hypochlorite treatment (at only the high dose) were reductions of spleen 
weight, DTH reactions, oxidative metabolism by macrophages and elevated 
prostaglandin E2 production . The toxicological significance of these effects 
is not clear . A NOAEL and/ or LOAEL were not defined in this study . 
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_I.A.5. CONFIDENCE IN THE ORAL RfD 

Study -- High 
Data Base -- Medium 
RfD -- Medium 

Confidence in the principal study (N'l'P, 1992) is high to medium. Relevant 
endpoints in two animal species were examined after prolonged exposure by an 
appropriate route . An effect level was not achieved in the study, however, 
and higher levels may not be practicable due to taste aversion (and therefore 
reduced water consumption). Confidence in the data base is medium. 
Information is available for mice and rats on the noncarcinogenic t oxicity of 
oral exposure to chlorine for subchronic periods . Developmental and 
reproductive toxicity of chlorine have been examined in mice and rats, but 

with suboptimal studies . DUe to the chemical relationship between chlorine 
and monochloramine , reproductive and developmental studies for monochloramine 
may be used to satisfy data gaps for chlorine . Confidence in the RfD is 
medium. 

_I.A.6. EPA DOCUMENTATION AND REVIEW OF TttE ORAL RfD 

Source Document -- U. S. EPA, 1992 

The Drinking Water Criteria Document for Chlorine / Hypochlorous 
Acid / Hypochlorite Ion has undergone limited Agency review. 

Other EPA Documentation -- None 

Agency Work Group Review - - 07 /2 0 / 93, 10/ 14/93 , 12/15 / 93 

Verification Date -- 12 / 15 / 93 

_I.A.7. EPA CONTACTS (ORAL RfD) 

Please contact the Risk Information Hotline for all questions concerning this 
assessment or IRIS, in general, at (513)569-7254 (phone), (513)569-7159 (FAX) 
or RIH.IRIS@EPAMAIL.EPA . GOV (internet address). 

_I . B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RfC) 

Substance Name -- Chlorine 
CASRN -- 7782-50-5 

Not available at thi s time . 

_II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE 
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Substance Name - - Chlorine 
CASRN -- 7782-50-5 

Not available at this time. 
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EH&SNews 

Regs News highlights hot topics and trends in regulatory 
compliance and legislation. 

Committee Develops Acute Exposure Guidelines 

The National Advisory Committee for Acute Exposure Guideline 
Levels for Hazardous Substances (NAC/AEGL Committee) has 
developed its first set of acute exposure guideline levels (AEGLs) for 
12 chemicals. The "Proposed AEGLs" are: 

1,1-Dimethylhydrazine 
Methylhydrazine 
Aniline 
Ethylene Oxide 
Hydrazine 
1,2-Dichloroethene 
Nitric Acid 
Fluorine 
Chlorine 
Arsine 
Phosphine 

The AEGLs (Acute Exposure Guideline Levels) are threshold or 
ceiling values for short-term exposure to hazardous substances. The 
guidelines are designed to protect the general public, including 
persons who may be sensitive, but not hypersensitive to exposure. 
Three AEGL values representing three "biological ndpoints" for four 
exposure periods (30 minutes, 1 hour, 4 hours, 8 hours) will be 
established for each chemical. AEGL-1 is the airborne concentration 
at which the general population could experience "notable 
discomfort." AEGL-2 is the airborne concentration at which the 
general population could "experience irreversible or other serious, 
long-lasting effects or impaired ability to escape." Finally, AEGL-3 
represents the concentration at which the general public is predicted 
to "experience life-threatening effects or death." 

Formed by the EPA, the mission of the NAC/AEGL Committee has 
been to study and develop guidelines for short-term hazardous 
chemical exposure. The NAC/AEGL Committee intends to develop 
AEGL values for 30-40 chemicals during each of its quarterly 
meetings for the next eight to ten years. After public comment, the 
Committee will review and revise proposed guideline values to 
establish "Interim AEGL" values. The Interim AEGLs may be used as 
biological reference values by agencies, but the values will be further 
reviewed and finalized by the National Academy of Science. Once 
these guideline levels have been established, they may be adopted by 
government agencies and private sector organizations for chemical 
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emergency programs. The EPA then intends to adopt the finalized 
guideline levels as toxicity references for short-term threshold or 
ceiling exposure values. 

Federal Register 
October 30, 1997 

EPA Announces Changes In Ambient Air Quality Surveillance 
for Lead 

The Environmental Protection Agency (EPA), recognizing that 
automobiles account for less than 1 % of lead emissions, has changed 
its surveillance focus to stationary source lead emissions. Effective 
December 22, 1997, as many as 70 of the 85 National Air Monitoring 
Stations (NAMS) and several of the State and Local Air Monitoring 
Stations (SLAMS) will be discontinued. The EPA will now close 
those NAMS consistently reporting peak levels less than 1.5 mg/m3. 
This change will allow state and local agencies to focus monitoring 
efforts on lead stationary sources that are causing, or could potentially 
cause, exceedances of the quarterly National Ambient Air Quality 
Standards (NAAQS). 

Federal Register 
No>ember 5, 1997 

Copyright© 1974-1998 MICROMEDEX, Inc. All Rights Reserved. 
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Emergency Response Planning Committee 

David P. Kelly, Chair 
Finis L. Cavender, Ph.D., CIH, DABT, V-Chair 
Doan J. Hansen, Ph.D. MPH, CIH, Secretary 
Larry Gephart, DABT, P-Chair 
Dennis R. Anderson, Ph.D., CIH 
Jonathan Borak, MD, FACOEM 
Patricia A. Brogan, Ph.D., CIH, ROH 
Keith H. Jacobson, Ph.D., CIH(ret) 
Frank M. Renshaw, Ph.D., CIH 
Susan D. Ripple, CIH 
Marc M. Ruijten, Ph.D. 
George M. Rusch, Ph.D. 
Richard B. Schlesinger, Ph.D. 
John W. Spencer, CIH, CSP 
Allan S. Susten, Ph.D. 
Richard D. Thomas, Ph.D., DABT 

Board Coordinator: Lindsay Booher, CIH, CSP 
..... ... . ... .. .. .. -~-~~ ... - ~-- - ~ ~~~ -

Mission Statement: To develop guidelines for responding to potential releases of airborne substances for 
use in community emergency planning. 

~ . ...,,._ .......... -- -~ ,- ---.... -~- - ------------ ~--- --- - - --
Goal: Publish brief summaries and estimates of tolerable-effect thresholds, not intended as exposure 
recommendations, to assist in the planning for accidental, episodic chemical releases. 

Objective: Review the health and safety data on the chemicals of greatest concern in the United States. 

Strategies: 

• Assign evaluaton; to review and revise toxicology summaries on chemicals of concern. 
• Meet as a full committee four times a year to review summary documents and to develop estimates 

of tolerable exposure levels. 
• Prepare emergency response guidelines for publication and distribution by the AIHA national office. 
• Prepare and maintain documentation supporting the guidelines. 

Below is a "snapshot" of major activities of the A/HA Emergency Response Planning committee. If you are 
interested in funher infonnation about this committees activities, or are an A/HA member and wish to join 
this technical committee, please contact the chair (above on this committee page) or refer back to the main 
Webpage menu to the AJHA Committee brochure. 

Summary of Current Committee Activities 
Publications In Progress: 
* The AIHA 1997 ERPGs and WEELs Handbook. To be published 1/98. 
* 1997 ERPG Update Set. To be published 1/98. 
* 12-15 new ERPG are expected to be developed for chemical substances in the 1997-98 year. 
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Other Activities: 
* Support for AIHA Public Relations efforts. 
* Support for EPA Federal Advisory Committee Act (FACA) Acute Exposure Guideline Levels (AEGL) 
committee. 
* AIHA ERPG's recommended as values in the latest EPA Risk Management Plan under the Clean Air act. 
* Liaison with scientists in the Netherlands and Germany on ERP issues. 

Back to Committee List 
Back to AIHA Home Page 

http://www.aiha.org/committe/erpg.html 
Last Updated on October 6, 1997 by our webmasteriuu•ers@aiha.org 
Copyright 1997, American Industrial Hygiene Association 
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The History of TRI 

Susan Hazen. Director 
Office of Pollution Prevention and Toxics (OPPT) 
Environmental Assistance Division 

----·--------- --
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In 1986, the Superfund legislation was amended to add Emergency Planning and Community 
Right-to-Know (EPCRA) provisions. Following closely on the falal chemical release accident 
in Bhopal, India and simi Jar though less drastic incidents in the U.S., these new provisions 
were intended lo assure citizens that the presence, management, and routine releases of tnxic 
chemicals in the U.S. were welJ understood. It was evident that the Bhopal incident could hap 
pen in the U.S. In fact, there wen, facilities in the U.S. when, the same chemicals were 
manufactured, used, and stored although information about them was generally not disclosed. 
Emergency response teams, slate and local governments, and perhaps, most I mportanUy, the 
citizens who lived and shared common neighborhoods with these facilities were unaware of 
chemicals used and stored there. 

The history of TRI has been a turbulent one. It was hard fought through Congress and the 
implementing rules were scrutinized heavily as they moved their way through the regulatory 

== 

~~ :It; -

process. At the core of the debate was the provision that would create a facility-specific, chemical-based inventory. 

The inventory, lenned the Toxics Release Inventory (TRI), would cmate a national database identifying facilities, chemicals 
manufactun,d and used at those facilities, and the annual accidenlal and routine releases of these toxic substances. This 
information, though commonly known by individual plant owners and operators, was not made readily available to government 
officials nor to the general public. Also, this information usually did not become available unti.l ilf1g_ serious accidents occurred 
or until major impact• on human health and the environment were evidenl This after-the-fact disclosure of information did litlle 
to help plan for or prevent serious health and environmental incidents. 

From 1987 lo 1990, TRI data focused on release and transfer data for approximately 300 chemicals and 28,000 facilities. With 
the passage of the Pollution Prevention Act of 1990 (PPA), infonnation on the amount of toxic materials leaving a facility in 
waste was added. As with the original implementation rules, the rules implementing the PPA were subjected to rigorous review 
and EPA was unable to finalize working definitions that would assure consistency in the data. This remains a weakness of the 
TRI and a challenge for EPA, the regulated community, and all users of the data. 

It is fair to say, that turbulent or not, the history of TRI is one which has dramatically changed the last decade of environmental 
policies. TRI has enabled the public to participate on an equal footing in environmental debates. It bas allowed the public to 
question the decisions oflawmakers and industry alike. It has alerted U.S. industry to the impact they have on their local 
environments and has pointed out the significant losses of raw material encountered each year as a result of n,tcases and 
transfers. 

TRI has fomver changed the relationship between EPA, industry and the public; a change which created the need for 
transparency, openness and honesty. As changes go, this is one of the best! 

Go back to Table of Contents 
' - - ---·- .-·· . -- .---- •--v ·---·--- ----

Expanding the Public's Right to Know 
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Maria Doa, (Acting) Chief 
OPPT Environmental Assistance Division (EAD) - TRI Branch 

Few would disagree that the 1987 Emergency Planning and Community 
Right-to-Know Act (EPCRA) provisions proved to be among the most successful 
stimuli for redticing the amount of toxic materials that enter the environment. The 
Toxics Release Inventory (TRI) Program under EPCRA focused public and industrial 
attention on billions of pounds of toxic materials released directly into our air, land, 
water, and underground injection wells, as well as managed through waste recycling, 
combustion for energy recovery. and treatment for destruction. 

TRI has forced us all to take a hard look at our approach to toxic chemicals. Between 
1988 (the accepted baseline year for TRI) and 1994, industrial releases covered by 
TRI decreased by 44%, from 3.54 billion pounds Io 1.56 billion pounds. This reducti 
on reflects the bani work of manufacturing facilities; facilities that have refined 
processes, looked for source reduction opportunities, assured outstanding 
housekeeping practices, and worked to minimiu the footprint they leave on the 
surrouoding enviro nmenL TRI has provided the clues for all lo use when seeking 
areas for environmental improvement. 

One valid criticism of the program has been its limited breadth and depth of the chemical, facility, and data coverage. When 
Congress passed EPCRA, EPA named over 300 chemicals and chemical categories on the "TRI Chemical List." This list was a 
combination of two existing lists, the New Jersey Environmental Hazanlous Substance List and the Maryland Chemical 
Inventory Report List. Tbe original industries subject to TRI were all manufacturers, and required data was confined to releases 
and certian transfers off-site for waste managemen L 

Because TRJ spurred significant reduction in releases, the next logical step was to expand coverage to other industrial sectors 
and chemicals imposing similar impacts on our environmenL To that end, the Agency has aggressively pursued an expansion 
strategy lo enlarge the boundaries of TRI in all directions. 

Chemical Expansion 
EPA has expanded the chemical list in two parts, following the statutory criteria for listing found in EPCRA (acute or chronic 
human health effects, or environmental effects). In 1993, EPA added ozone-depleting hydrochloro0uorocarbons (HCFCs) and 
22 other chemicals that cause chronic health effects. In 1994, EPA added 286 new chemicals that can cause a variety of effects, 
some connected to cancer or other chronic human health effects; others to acute human health effects; and others to adverse 
environmental effects. These actions almost doubled the size of the TRI chemical lisL EPA is currently considering whether to 
add certain persistent bioaccumulators to TRI and to lower the reporting thresholds for all persistent bioaccumulators on TRJ. 
EPA exp eels to propose a rule on this topic in I 998. 

Chemical Petilions 
EPCRA contains provision for the public to petition the Agency to add chemicals to or delete chemicals from the TRI list. EPA 
has added and deleted chemicals through this process. EPA addded stratospheric ozone-deplting chlorofluorocarbons (Cl'Cs) in 
response lo a petition from four governors. EPA has deleted various chemicals, 16 in all, that do not meet the statutory listing 
criteria. 

Fatilili,s Expansion 
Recognizing that the manufacturing sector only contributes a fraction of releases to the environment, in 1991, EPA undertook a 
thorough review of all other U.S. industrial sectors. This multi-year effort focused particular attention on sectors linked lo 
manufacturing -those providing energy or raw materials lo, or removing materials from the manufacturing sector. EPA 
assessed: (l) the industries that manufacture, process, or use TRI chemicals and (2) whether including these facilities in TRI 
could reasonably be anticipated lo increase public information. 

The first facility expansion came as a result of a Presidential Executive Order, which required reporting for Federal Facilities 
starting in 1994. Jn May of 1997, as a result of its assessment, EPA added seven industry sectors to TIU: metal mining, cna I 
mining, electric utilities that combust coal and/or oil, solvent recyclers, hazardous waste treatment and disposal facilities, 
chemical distributers and petroleum bulk terminals. The first reports from lhese facilities are due July I, 1999. (See lndu stry 
Expansion, page 8). EPA will pursue an additional facility expansion activity addressing the oil and gas industry early in 1998. 

Data Expansion 
In 1990, Congress passed the Pollution Prevention AcL Among its requirements is a mandate to expand TRI to include 
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information on toxic chemicals in waste and source reduction methods. Beginning in 1991 . covered facilities are required to 
report on toxic chemicals in waste. that is. how much is combusted for energy recovery, recycled, treated, and released. 

A newer data expansion effort, often refe11ed to as "TRI Phase Ill," considers using materials accounting data in a right-to-know 
context. Many community, environmental, and labor organizations believe that TRJ would be greatly enhanced by the collection 
of facility-specific use information. Data clements could include the amount produced on-site, the number of employees 
potentially exposed, and the amount of the toxic chemical leaving the facility as or in a product. EPA issued a notice requesting 
public comment on the addition of materials accounting information to TRI, and is cuITCntly evaluating those comments. 

The TRI Program has indeed proven to be an effective tool for bringing both industrial and public attention to the release of 
toxic chemical,. The concern generated by this program has resulted in efforts lo minimize the use of these toxics and/or their 
release into the envimnmenL EPA believes thal by expanding the scope of TRI information, in terms of the chemicals and 
facilities covered as well as the kinds of data required, the Agency can further improve TRJ's value for us all. 

Go back to Table of Contents 

Chemical Fact Sheets 

Dick Wonne~ OPPT 

OPPT chemical fact sheets provide the public with information about chemicals released in 
the environment They describe what each chemical is and list several of its more important 
commercial uses. They describe in a non-technical manner what happens to the chemical once 
it is released into the environment and how the chemical may affect human health and the 
environmenL They also provide the reader with a contact list for additional chemical 
information. Each fact sheet is accompanied by a more detail cd summary that gives the 
technical basis for each statement that it contains. Both the fact sheet and its technical support 
document can be found on the Internet at http://www.epa.gov/chemfact. Also, both are 
available in printed form and can be requested from the Toxic Substances Control Act 
(TSCA) hotline at (202) 554-1404. Cu11ently, there are thirty-one chemical fact sheets 
available to the public. 

OPPT chemical fact sheets originate from the group of scientists responsible for assessing risks for industrial chemicals covered 
under the Toxic Release Inventory (TRI) and TSCA. The group has been assessing chemicals for more than twenty years. The y 
collected and processed volumes of assessment information on thousands of chemicals. The chemical fact sheet initiative is the 
group's attempt to share some of its information with the public. The standing goal of this group is to provide the public with 
fact sheets for forty or more additional chemicals each year. 

Go back to Table of (~onteuts 
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Industry Expansion Training for the Newly-Added Industries 

Tim Crawford, OPPT 

What is Industry Expansion? 
On May I, 1997, a final role was published to add certain industry sectors to the current list of facilities required to report TRJ 
information under Section 313 of the Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA). Known as 
TRJ Industry Expansion, the addition of these industry sectors will greatly strengthen community right-to-know by providing 
information on toxic chemical releases and waste management from a broader facility base. 

This final action also amends the interpretation of the term "otherwise used," which is one of the activity thresholds that triggers 
TRI reporting. EPA amended this definition to include the ln:atmenl, stabilization, and disposal of toxic chemicals received 
from off-site for waste management purposes or generated during the w aste management of materials received from off-site. 
This amendment provides additional information on waste management activities (beyond the amounts managed by commercial 
hazardous waste treatment and disposal facilities) al facilities that currently re port lo TRI. 
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The addition of the new induslries and the revised interpretation of "otherwise used" will be effective for activities conducted 
during the 1998 calendar year with reports due on or before July I, 1999. 

Industry Training 
Since the final rule was published, EPA developed guidance documents to assist each of the newly added induslries to 
understand and comply with EPCRA section 313 requirements. These documents were circulated for industry review and 
comment and are now final and being made available. 

EPA, along with contracted assistance, is in the process of 
conducting training sessions in each ofEPA's regional 
locations prior to the effective date. The training sessions 
last two days and consist of an overview of EPCRA 
Section 313 reporting reqmments and modules which 
provide exercises in interpreting and completing reports 
for each of the new induslries. 

For more information on TRI industry expansion and 
industry training, please contact Tim Crawford at (202) 
260-1715. 
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Using TRI to Measure Progress: A Regional Perspective 

Dwight G. Peavey, Ph.D., Environmental Scientist 
EPA Region I - New England 

James M. Phillips, Senior Environmental Engineer 
The National Council on the Aging, Inc. 

Over the past ten yelllll, the Toxics Release Inventory (TRI) data has given everyone an opponunity to access chemical specific 
information at the facility, local, state, regional and national levels. One can query the TRI data by media specific emissi ans, 
waste generation and transfers, on and off-site treatment activities for 650 toxic chemicals, and chemical categories. The 
Pollution Prevention Act (PPA) of 1990 required induslries to report additional data about waste management activities and pol 
lution prevention or source reduction information on their TRI Form Rs. This additional information allows an individual to 
query TRI about the total waste generated by a facility. The total waste generated includes toxics that are released, recycled, b 
urned for energy recovery, lreated and disposed both on and off site. 

The public's initial and continued interest has been focused on the total environmental releases of these toxics to the air, water 
and land including underground injection. Which facilities, states or parent companies are in the "Top Ten" has dominate d the 
press coverage of the yearly TRI public data release. Our national, regional, state and facility successes have been measured by 
relative decreases in total environmental releases. Federal and slate agencies often have targeted the facilities with the 
"biggest/largest" total environmental releases for attention. 

Region I'• Approach 
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In New England, three of our six states have Toxics Use Reduction 
(TUR) or Pollution Prevention laws which have created a focus on 
preventing waste, also called source reduction. EPA - New England 
and state agencies are now focusing on the "'biggest/I argest" waste 
generating facilities. Due to the Pollution Prevention Act of 1990, 
everyone has had the ability to query, sort, and rank total waste 
generation for TRI data since 1991. Progress in terms of the rate of 
reduction for total waste generation has not paralleled the continued 
decreasing rate for total environmental releases. Although some have 
questioned and openly debate the success of pollution prevention and 
the affects of the states TUR laws, no one debates Iha~ if given the 
opportunity, preventing waste and pollution is preferable to managing 
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waste and pollution. Severa I corporations and facilities, which joined the 33/50 Program (an EPA program in which industries 
voluntarily committed to reduce the release of chemical waste), have shown the environmental and economic advantages of 
pollution prevention. The Pollution Prevention Act established a .--:,n 
national policy that stales pollution should be prevented at the source ---~- • 
whenever feasible. ~ - - ,_--., 

With the recent challenges posed by Congress and our Agency, we 
have looked to the TRI data (specifically, waste generation data) to 
find opportunities to better direct our assistance efforts and measure 
the resulting progress. In the pas~ those seclo rs (Fig. I) accounting for 
the largest releases would be targeted. When the TRI waste generated 
data (Fig. 2) is analyzed, however, another picture is found. For 
example, the chemical and fabricated metals industries rank #I and #2 
for waste generated but the paper industry, traditionally ranked #I for 
environmental releases. A multi-year analysis shows a significant 
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decrease in total waste for the fabricated metals industry, which is neither explained by decreased reporting or decreased 
production. < img align=right src="graph3a.jpg"> That is, the production process itself bas become less polluting. This decrease 
in total waste production may be the results of our New England Environmental Assistance Team (NEEAT) work with this 
sector as well as EPA's Common Sense Initiative. The paper industry, on the other hand, shows little or no reduction in the first 
three years and an actual increase in waste generation in the last two years. While the chemical industry profile showed a 
continued reduction in environmental releases, Figure 3 shows initial decreases and then increased waste production. Further 
analysis of waste generalion data shows a forecasted increase in waste production in 1996 and 1997 for this sector. 

Ranking our six states by total environment releases alway§ has Connecticut and Massachusetts, the two largest manufacturing 
stales in New England, as #1 and #2. In all the TRI reporting yelllll (1987-1995), each of our six New England states had overall 
decreases in environmental releases which exceeded the national l,IS·fffit•Mfl111t)·•f~ 
average decreases; cumulative decreases also exceeded the national --
average. Another way lo analyze how well states are doing is to 
consider the number of facilities compared lo total emissions (total 
environmental releases). Figure 4 clearly demonstrates that both Maine 
and Connecticut facilities rank on an emissions per facility basis as #1 
and #2, respectively, with Massachusetts #6. Does this sbo w an effect 
of the Massachusetts Toxics Use Reduction law? Further analysis of 
the 1991-1995 TRI, waste generation data (Fig. 5) clearly " 
demonstrates that average waste production of facilities in Maine and 
Connecticut are more than double those of the four other states. The 
comparisons of states with P2 and TUR laws mandating prevention 

.... yr .,. NH ~· .... 
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activities with those states which do not, therefore. pose many more questions than answers as to why certain industries prevent 
pollution while others choose to manage pollution. 
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..... ,_.~~•-•· ,.~ • 
Region l's Office of Assistance and Pollution Prevention now 
provides trend analysis of TRI data on total environmental releases and 
total waste generated. In New England, progress will be measured both 
by the individual success stories and reduction of the TRI boltom line: 
total waste generation. Progress may be measured by the pounds of 
toxics prevented from reaching the waste stream. This gives a better 
indication to the relative efficiency of the process and facility. 
lntimately, the success of TRI and Pollution Prevention is measured al 
each individual facility. 

C.o back to Table o( Contents 
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Toxics Release Inventory User Support 
(TRI-US) Services 

Lisa Flemming, OPPT 

Under the Emergency Planning and Community Right To Know Act (EPCRA) 
Section 313, Congress mandated that the TRI data collected by EPA be made 
publicly available "by electronic and other means." Hence, the Office of Pollution Prevention & Toxics (OPPT) established the 
Toxic Release Inventory User Support (TRI-US) service to support TRI products and facilitate public access to the TRI data. 

TRI-US provides access· and user support to citizens, industry, environmental and public interest groups, libraries, the 
international community, media, academia, federal, stale and local agencies. Since the TRI data are available in a variety of 
format,, TRI-US staff can help a patron detennine the TRI data product best suited for their needs. 

TRI-US provides comprehensive search assistance for the TRI on-line and CD-ROM databases. Search assistance includes 
access to a product, installation or search instructions, product troubleshooting, and search strategies. On a limited basis, 
TRI-US can help individuals perform searches. 

In addition to access, user support and search assistance, TRI-US conducts training and demonstrations for both the TRI 
CD-ROM and the National Library of Medicine/l'OXNET, which includes the TRI data, through individual sessions and 
workshops. Staff al tend conferences and exhibits to promote TRI awareness, access available products, and increase usage of 
data. TRI-US also distributes documents that present and explain the TRJ program such as the Public Data Release book, the 
TRJ Information Kit, and th e TRI List of Chemicals. 

TRI-US maintains up-to-date information about the TRI program. However, a patron may be referred to a more appropriate 
person or service (inside or outside EPA) if a question cannot be answered by the TRI-US staff and/or requires additional 
information outside the TRI program. 

The TRJ program also maintains a website on the Internet where patrons can send TRI questions. TRI-US staff will answer these 
questions and/or refer patrons to the appropriate Internet address for more information. TRI-US can be contacted by phone. fax, 
email, the Internet or mail. 

Go hack to Table of Contents 

TRI/Right-to-Know Conference 

Geraldine Nowak, OPPT 
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The Toxics Release Inventory and Rigbt-lO-Know Conference convened 
in Washington, D.C. on September 8-10, 1997, amidst the largest group 
of participants in its conference history. What was once the TRI Data 
Use Conference was expanded to integrate other RTK issues and 
information. Some participants embraced the concept with enthusjasm; 
others met it with caution, skepticism, or somewhere in between. The 
conference identified how the stakeholders could use the Toxics Release 
Inventory (TRI) and Right-to -Know (RTK) information. Dialogue, were 
held among stakeholders and sessions aimed toward finding mutually 
beneficial goals which will improve TRI and RTK information. 

The conference fcalured many distinguished speakers committed to 
promoting Toxics Release Inventory (TRI) and Right-to-Know (RTK) 
issues and programs. EPA Region III Administrator, Michael McCabe, 
opened the conference focusing on the fact that before TRI there was no 
way for citizens to know about toxics in their community. TRI has had a positive effect on both communities and industries 
because it enables communities to interact with industries in the neighborhood. Also, industry utili:res the TRI to capitalize on 
source reduction opportunities. As the keynote speaker, Dr. Lynn Goldman, EPA Assistant Administrator for Prevention, 
Pesticides, and Toxic Substances, reminded everyone of the history behind the legislation, highlighted TRI and RTK accompli 
shments, and mentioned the program's expansion. She further emphasized that the power of information provides real time tools 
lo help families protect themselves and their communities. 

Twenty-four panels of distinguished speakers shared their expertise. knowledge, and ideas for the future of TRI and RTK by 
addressing six broad questions; 

• What arc the key TRI data issues? 
• How can TRI he used for Pollution Prevention? 
• Whal arc the TRI use success stories? 
• What information do communities need? 
• How can we integrate RTK infonnation? 
• How can the various stakeholders work better together, including the local and international perspective? 

The Unison Institute, the conference sponsor, successfully planned each panel to reflect views from a variety of stakeholders, 
representing the 600 participants from federal , state and local government, industry, advocates, academia, citi:ren groups, media, 
and international organizations. Speakers discussed their ideas and vi sion, and also showed practical experieoce on data use and 
analytic approaches. 

The Right-to Know Village housed forty-five exhibits which featured various information access tools developed by federal and 
stale government, the commercial sector, and citizen and consumer advocacy groups. The village offered an opportunity to talk 
directly with RTK proponents on local environmental mailers. The confer ence offered several demonstrations and training 
courses to teach participants how to use various information access systems and tools. 

The three plenaries covered stakeholder views on the legislative history and net effect of TRI and RTK, and provided insights 
into the future. Comments from the audience flowed freely after the plenaries and panels; participants shared their concerns, 
frustrations, and hopes with the panelislS. 

During the closing plenary, EPA Administrator Carol Browner thanked stakeholders for working together with a sense of 
common purpose to improve the use of environmental RTK infonnation and for making RTK initiatives work for everyone -
communities, state and local government, and the reporting industries. She reiterated this Administration's goal of right-to-know 
as a vital part of the presidential agenda for protecting public health and the environmenL EPA is making this goal a reality as a 
means to solving environmental problems. 

Author Note: Thanks to all tho1e who gave their precious time and vast talents to make the conference a source of inspiration, 
common purpose, and renewed dedication to environmental protection. 

Go back tn Table of Contents 
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Stakeholder Dialogue on TRI Reporting 
Forms and Reporting Practices 

Michelle Price, OPPT 

~~ 
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1.be To_xics Release Inventory (TRI) p~gram. (For a list ~f secto;-', s"." IMustry_ E . ...L , .. , ~ ·,· ..;.. :';;,.,~~ 
xpanswn, page 5.) These newly added mdustry groups will provide s1gmfican1 mformatmn ->-,....l, ~ , .,:C.....;.-·i!:..-• 
on TRI chemicals and engage in activities din:ctly related to the support of manufacturing activities already covered under TRI. 
Certain facilities within I.bes e industry groups will begin submitting activity reports by July I, 1999, containing data colleeled 
during the 1998 calendar year. (See Expanding the Public's Right to Know, page 3.) 

On April 22, 1997, EPA compleled a rule under the Emergency Planning and Community 
Right-to-Know Act of 1986 (EPCRA) Section 313 to add seven new industry secton; to 

Announcing the industry expansion. rule, the Vice President said that EPA would initiate a comprehensive stakeholder process to 
evaluate the current reporting forms and reporting practices relating to the TRI program. The goals of this process will he to 
improve the type of right-to-know information available to communities and 10 help streamline right-to-know reporting 10 ease 
the paperwork burden for businesses affecled by the requirements. EPA is using the Toxics Dala Reporting Commitlee (TDR) 
of the National Advisory Council for Environmental Policy and Technology (NACEPT) and additional stakeholder meetings 10 
obtain input from interested parties on these issues. 

Under the Federal Advisory Committee Act, NACEPT provides advice and recommendations lo the Administrator of EPA on a 
broad range of environmental policy issues. TDR is a commitlee crealed under the auspices of NACEPT. The commitlee 
currently consists of twenty-three members from industry, academia, government agencies, environmental groups, 
environmental justice g(Ollps, labor organ izations, and public interest groups. 

Over the next year, TDR will identify improvements and burden reduction measures (i.e., industry must undertake lo report TRI 
data) in the TRI program. EPA will review the recommendations received from NACEPT and use them lo make decisions about 
changes to TRI Form R and Form A. Administrative changes to the reporting forms can be made expeditiously; however, 
substantive changes require a formal notice and comment rulemaking. Some examples of issues that will be dis cussed by the 
group include: format and nomenclature used in the Form R; additional clarification of the elements in the Form R; opponunities 
for burden reduction in both the Form Rand Form A; and EPA's presentation of the data in public information documents. 

The public as well as other interested parties may atlend the TDR Commitlee meetings. 1be first TOR Commitlee meeting was 
held on Sep1ember 29 and 30, 1997 in Washington, DC. An additional six meetings are planned overrhe next year. The next 
meeting i s planned for early December, 1997. EPA will publish Federal Regioter notices of meetings to announce lhe dale, time 
and location of the meetings. 

In addition to the NACEPT process, EPA plans to obtain views and information from stakeholders lhrough a number of smaller 
meetings for inleresled parties. EPA will hold approximately nine publlc meetings over the next year regarding the issues outline 
d above. The first three meetings are scheduled for October 30, 1997 in San Francisco, CA; November 13, 1997 in Washington, 
DC; and November 20 in Chicago, IL These efforts are aimed at not only at reducing the burden lo industry but improving the 
quality and practical utility of the information in the TRI program. 

For more information about the TDR Committee or other public meetings on these issues, please contact Michelle Price at 
(202) 260-3372 or price.michelle@epamail.epa.gov. 

Go back to Table of Contents 

TRI and the CD-ROM: Present and Future 

John Nowlin, OPPT 

Beginning in 1989 and every year thereafter, EPA has published a CD-ROM containing the Toxics Release 
Inventory (TRI). The Office of Pollution Prevention and Toxics (OPPT) publishes I.be entire TRI database from 1987 through 
I.be current reporting year. This year the TRI dala is available through reporting year 1995 on two compact disks in a formal I.bat 
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allows for easy searches of the data. 

The TRI CD-ROM contains sofiware that is meant lo be flexible and powerful, with the abilily lo search over 200 fields (e.g., by 
chemical, company, kind of release, or zip code, and across multiple years of data). The CD-ROM also allows users to condu cl 
multiple and complex queries, which is especially useful to those individuals or groups who wish to analyze !rends or perform 
statistical analysi,. Aside from the TRI data, I.be CD-ROM provides a wealth of other TRI Information. It contains a tutorial, the 
annual TRI Data Release Book, the State Fact Sheets, TRI's reporting form (Form R), and Chemical Fact Sheets on selected 
chemicals. 

Each year, the TRI CD-ROM reaches new audiences and increases its distribution. CurrenUy, the CD-ROM circulation is over 
4,000, including libraries and public inlereSI groups. Future plans to appeal to a wider audience iuclude distribution in conjunc 
tion with educational ma1erials. Through a grant with the National Science Teachers Association (NSTA), the TRI CD ROM 
will he the centerpiece in a cross-disciplinary set of classroom materials and activities. These materials should he available for 
199 8 school year. 

OPPT plans lo release a user-friendly Windows version later in 1998 (containing 1987-1996 data) that will be faster and easier 
to use than the DOS format of past years. The Office is also aggressively pursuing the integration of additional tools into future 
releases such as statistical packages complele with tables and charts, mapping packages, multi-media, and Inlemet connectivity. 

How to Get Your Copy of the TRI CD-ROM: 

To make TRI information widely available for public use, the CDs arc distributed free of charge lo all non-profit organizations, 
schools and government agencies who request a copy. Free copies may be obtained by calling the National Center for Environ 
mental Publications and Information (NCEPI) at (800) 490-9198. 

The general public can purchase the CDs from the National Technical Information Service (NTIS) by calling (800) 553-6847 
and asking for PB97-502-587 or by calling the U.S. Government Printing Office (GPO) al (202) 512-1800 and roquesting stock 
11()55-00 0-0582-6. 

The CD-ROM is one of the many ways in which OPPT disseminales TRI information lo lhe public. Other sources of TRI Data 
include a new diskette containing Standard Industrial Classification (SIC) codes, and diskettes containing 1RI Data for each 
Stale, both of which may be obtained from NCEPI, NTIS, or GPO. Another easy way to access TRI data is through the Internet 
at: http://www.epa.gov/opptintr/tri. 

Go bar.:k to Table or Contents 

~~~.-::L EPA Software Streamlines TRI Reporting 
by Facilities 

;tJ~-;p)' Jan Erickson, OPPT 
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• Since inception of the TRI program, one of EPA's goals has been lo simplify the 
reporting required under lhe Emergency Planning and Community Right-To-Know Act (EPCRA) and lhe Pollution Prevention 
Act. Hotline,, training, and publication of industry-Specific guidelines are just a few examples of the many efforts undertaken to 
help meet thal goal. To further simplify the reporting process, EPA developed I.be Automaled Form R (AFR) reporting software. 

Several years ago, the AFR software allowed facilities the option of creating 1RI reports on their own computers and sending 
EPA electronic copies on a floppy disk, instead of filling out the printed forms manually. Nol only did it make reporting much 
easier for the facility, ii eliminated re-keying of the data by EPA. The results were faster processing, fewer data entry errors, and 
improved data quality. Since then, use of the AFR has increased in popularity. A growing number of facilities using the 
software- accounting for nearly 60% of all TRI submissions. In addition, all but ten states (which also receive TRI data) are 
accepting floppy disks crealed by AFR software, instead of printed forms. 

In 1997, in response to a growing demand by AFR users, the Office of Pollution Prevention and Toxics (OPPT) distribuled a 
Windows 3.1 version for I.be first time. The new AFR software included many features germane to the Windows environment, 
for example, menu and tool bars, buttons, etc. EPA distributed the Windows AFR software and printed instructions 
automatically to all TRI facilities; a DOS version was available on request. 
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In addition, both Windows 3.1 and DOS versions of the AFR software were available for downloading from the TRI Home Page 
on the Internet (www.cpa.gov/opptintr/formr.htm}. This allowed facilities that preferred DOS software to obtain it immediately, 
without waiting for EPA lo send them a floppy disk in that formal The website was especially helpful in communicating with 
TRI facilities during the reporting period. It enabled EPA to post improved versions of the software, more detailed inslructions, 
and answers to frequently-asked questions. Facilities were also able to communicate their questions directly to the EPCRA 
Reporting Center using e-mail over the Internet. 

EPA's goal is lo reach 80% electronic submittal in the 1997 reporting year and 90% in the following year. This is a very 
ambitious goal, but with industry's support and cooperation, it can be reached! 

EPA is presently updating the AFR software for reporting 1997 TRI submissions due to 
EPA on July I, 1998. We are developing an additional version of AFR optimized for use 
with Windows 95 and Windows NT. As of this writing, an independent software testing 

11 firm, as well as volunteers from the reporting community, are conducting rigorous beta ' I testing to ensure that the software performs correctly. For more information about AFR 

11 so~~'._P~~~e call_!"" ~~':~~.?~ at 202:~®:~-~0~ _ ··--- __ _ _ __ _ 

Go hark tn Table or Contents 

Chemical Use 

Matt Gillen, OPPT 

The Toxics Release Inventory (TRI) is the public's primary source of information on the toxics in 
our environment. To broaden its scope, two Agency actions have recently expanded the chemicals 
and industries covered under TRI. (See Industry Expansion, p. 3) 

EPA 's Phase 3 project is anothu expansion project; it looks at adding chemical use information to TRI. EPA has been actively 
exploring chemical use infonnarion in order to improve the public's ability to evaluate a range of important environmenral 
ii.sues that exist in communities. By chemical use1 EPA is referring to what is known as materials accounting infonnation: 
amounts of listed chemicals coming into a facility, amounts manufactured or conswrtt!d on site, and am ounts leaving the 
facility in products and wa.,t,s. 

EPA believes that chemical use data could improve the public's understanding of environmental issues that arise from the use 
of chemicals at a facrlity. Materials accounting in/onnation: 

• Improves the ability to evaluate facility source reduction and pollution prevention performance, 
• Focuses emergency plaMing efforts related to the transportation of chemicals through communities, 
• Provides a handle on the amounts of toxic chemicals going into products, and 
• Improves the ability to address worker safety and health issues. 

The importance of this Initiative was illu.rtrat,d in August 1995, when President Clinton sent a memorandum to the EPA 
Administrator 10 facilitate TRI expansion. The ml!morandum directed EPA to develop "an expedited, open. and transparent 
process for consideradon ofreporring under EPCRA. on information on the use of toxic chemicals at facilities, including 
information on mass balance, materials accounting, or other chemical use data." 

EPA has held several public m,etings on Phase 3 and issued an Advance Notice of Proposed Rulemaking (ANPR) to take 
comment on chemical use issues. Over 40,000 comments were received, with strong opinions expressed on all sides. 
Environmental groups generally supported ch£mical use reporting, stating that it.fills in soml! important gaps in TRI. Industry 
group.s generally opposed materials accounting, questioning its value for communitks and expressing concerns about the 
potential loss of sensitive business data to foreign competitors. 

EPA has reviewed the comments and issues as well as reviewed the two state programs (Massachusetts and New Jersey) that 
already collect chemical use information, and is continuing to evaluate a number of other issues. EPA is currently considering 
its options and anticipates a decision by early 1998 on how best to procetd with chemical use reporting. 

Go hack to Ttihk of Contenu 
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State Perspective: Ohio's TRI Program 

Cindy De Wulf, Ohio EPA 

Ohio EPA's Division of Air Pollution Control (DAPC) coordinates the Toxics Release Inventory 
(TRI) program in Ohio. The Ohio Right-to-Know Act of 1988 gave Ohio EPA authority to 
administer and enforce Section 313 of the federal Emergency Planning and Comm unity 
Right-to-Know Act (EPCRA) and establish filing fees for covered facilities to support the TRI 
program. 

Today, Ohio EPA is focusing its efforts on compliance assistance and oulrcach. Ohio EPA will 
be working with facilities lo help them understand recent changes to the chemical list and 
addition ofnew industrial sectors. Ohio EPA will continue its ongoing outreach efforts that 

" ~ 
include informing all new facilities building w ithin Ohio of the EPCRA reporting requirements. Through the release of Ohio 
EPA's annual TRI report, the impact or any changes to the reporting requirements also will be explained to communities. 

Tbe TRI data has become a significant tool for Ohio EPA to improve environmental quality as demonstrated by the following 
actions: 

• DAPC uses TRI data to help identify facilities which are subject to new regulations, such as Section ll 2(r) of the 
Emergency Preparedness and Response Program required by the Clean Air Act. TRI data is used to evaluate industry 
compliance with recentl y adopted rules concerning toxic releases. TRI data is also used to focus efforts in ambient air 
monitoring evaluations, and to determine county-wide levels of toxics for air pollution studies. 

• Ohio EPA's Office of Pollution Prevention used TRI data to identify the lop 100 facilities that report the most releases of 
toxic chemicals. lo the environment. These facilities were invited to join Ohio Prevention First, a program in which 
facilities voluntarily develop comprehensive pollution prevention plans. 

• Ohio EPA's Division of Surface Water (DSW) uses TRI data to develop water quality based effluent limits for National 
Pollutant Discharge Elimination System (NPDES) permits. DSW's pretreatment program also uses TRI data when 
developing indirect discharge permits. The state screens the date lo determine if additional pollutants need to be 
evaluated for possible inclusion in the permit. 

• TRI data was used to fill information requests from privale citiuns, legislalors, journalists, schools, consulting firms, 
attorneys, business and trade associations, environmental groups, industry, and various state and federal agencies. 

• The public uses TRI data to raise awareness regarding the toxic chemicals released from manufacturing industries within 
their communities. 

Ohio EPA continues to work with US EPA on TRI implementation. Through the Forum of State and Tribal Toxics Action 
(FOSTTA), US EPA meets with states lo discuss the implementation and administration the TRJ program. FOSTTA conducts 
the annual survey of state TRI programs which is included in the national TRI data release. Throug h FOSTr A, states and US 
EPA have become more aware of each other's needs. Ohio EPA chairs the FOSTT A TRI workgroup. 

G:o back to Table of Contents 

A Non-Profit Organization's Perspective on TRI 

Terry Green£, JS/ Center for Environmental Health Studies 

The JSI Center for Environmental Health Studies is a non-profit public health organization. It provides scientific, technical, and 
orgartizational assistance to community, labor, and environmental organizations which address health problems arising from 
exposure to toxic chemicals. The Center helps citizens' groups investigate and respond to suspected environmental hazards by 
providing technical information, as well as assistance in conducting and reviewing health studies and in developing strategies to 
reduce the risk of exposure to toxic materials. Through training activities and educational materials and programs. the Center 
strives to empower these groups to play an infonned and effective role in solving environmental problems. 
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JSI found that the right to know about toxic hazards in workplaces and communities is key to the public's ability to protect 
themselves, their families, and the environment The EPA's Toxics Release Inventory (TRI) is a valuable tool for oommunity 
right-to-know. However, there remains a need to promote awarencs, of TRI (and complementary environmental and health 
information from federal, state, and local databases, registries, and reference materials) and to assist citizens in using it. For 
many people, the only sources of environmental information are media reports on toxic hazards which too often leave citizens 
feeling confused and powerless. The ability to locate, understand , and use various forms of information on the environment and 
health is vital to citizens in taking their rightful place as equal partners with government and industry to make decisions that 
affect their communities, health, and children's future. 

Making sense of pages of information, presented in different formats and measurement units, can challenge even citi1.cns with 
technical backgrounds. To truly benefit from public access to information, citizens need details on how to obtain and interpret 
environmental quality indicators and health status information specific to their communities. They should have an understanding 
of basic principles for evaluating health risks, along with adequate technical assistance and analytical tools that can help in risk 
screening. Citizens also need to be familiar with various strateg ies for pollution prevention in homes. communities, and 
workplaces and enhanced opportunities to participate and take action in each of Lhcse arenas, such as funding lo compensate 
citizens for their service on advisory committees and support for organizational development for community-based 
organi7.ations. 

JS! is working with EPA Region I and the Office of Pollution Prevention and Toxics (OPPT) on outreach and education efforts 
to communities. These include a Massachusetts pilot which trained librarians in the use of resources such as the TRl, and 
subsequently sponsored workshops within libraries for their respective communities. The project was designed to encourage 
community-wide use of publicly available information by: 

• Building the capacity of libraries to serve as local environmental information 
centers available to their communities; 

• Inlroducing broad sectors of the community (including local officials, 
members of environmental, citizen, and labor groups, and reprcsenlatives 
from health agencies, schools, and industry) to information on local health 
and the environment; and 

• Creating a forum that fosters collaboration among these sectors to use these 
information resources to identify and prevent pollution at the local level. 

Most important among the lessons learned is that TRJ outreach is not simply a matter 
of introducing EPCRA and the TRI and then demonstrating various search engines. 
Community outreach must start with the concerns and needs of the community, and TRI data must be presented within the 
context of what is of interest to the community and its various sectors. The term outreach itself is misleading in that it implies 
"experts11 going out to spread their knowledge. Successful outreach is actually a dialogue in which an outside advisor has just ai; 
much to learn from residents, area businesses. and local government as they do from the advisor. 

Additionally, JSI combines TRI and Massachusetts data on toxic chemical use reporting. This is especially timely given the 
current policy debale on Phase III expansion of TRI to include chemical use data. Contrary to fears expressed by some people 
opposed to TRI Phase Ill expansion, the Massachusetts experiment shows that information on total chemical use and industrial 
processes encourages the public to take a more reasonable look at facility data. The additional data allows for a more precise 
identification of potential exposure scenarios and opportunities for pollution prevention. It also highlights when certain 
reductions in chemical use would be difficult to attain and not produce much benefit. 

JSI has developed training materials on conducting outreach efforts on community-based environmental data used in national 
workshops for health professionals, environmentalists, academics, and community advocates. Included in these materials is JSI1s 
tutorial, Environment and Health: How to lnvestigau Communiry Envirollltll!ntal Health Problems, which provides an 
introduction to TRI and various complementary sources of environmental and health information. A workshop was recently 
held at the American Public Health Association Conference in Indianapolis. Contact Terry Greene at (617) 482-9485 for more 
information about these sessions or materials. 

Go hark to Table of Contents 

Putting Environmental Information in the Classroom 
Odelia Funke, Chief 
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"OPPT lnfonnation Management Division - lriformation Access Branch 

The Toxics Release Inventory Program taught EPA the value and power of bringing environmental 
information to the public. As a result of the experience with TRI, OPPT has redoubled its effort to 
provide information from all of its programs to various lei nds of audiences. Making the information 
truly useful requires that OPPT presents it in a number of different formats and contexts. 

In 1995, OPPT developed a strategy to tailor environmental information products for educational 
purposes. During this process, the Office decided to embark on a partnership with the National 
Science Teachers Association to develop an information product for high school students. NSTA 
already had experience in creating a set of cross-disciplinary classroom materials, with related 
student activities, focused on environmental subjects. This kind of educational package is designed for presentation by teachers 
in different subject areas, with different perspectives; the teachers coordinale their efforts to present the topic across disciplines. 

NSTA was particularly interested in building this kind of educational package using a large database. OPPT and NSTA agreed 
on a cross-disciplinary classroom product based on the TRI database. NSTA worked closely with teachers and writers to 
develop the materials, which are currently in draft. Once reviews and revisions are completed, NSTA will introduce this new 
tool o its members and science teachers across the country. 

For OPPT, this collaborative effort is providing a new way to present TRI information to an audience that generally would not 
be aware of it. Students and teachers will learn how TRI data, and other environmental information, can be relevant to their 
communities. This project also might provide a model for ways in which OPPT can make other programmatic information more 
relevant and available to students. Working with environmental data in this way highlights some of the complex issues and 
unanswerable questions posed when we analyze environmental data. Through these kinds of products, OPPT hopes to engender 
a better appreciation and understanding of environmental issues and goals. 

Go back to Table of ContenJs ~--.-----~-
TRI Relative Risk-Based Environmental Indicators 
Nick Bouwes, OPPT 
Stev,n Hassur, OPPT 

In order to provide a risk-related perspective for assessing the relative impacts of TRI chemicals on 
the U.S. population, OPPT developed an environmental indicators model as a Microsoft 
Windows-based computer application. Tho TRI Relative Risk-Based C hronic Human Health 
Indicator takes into account the relative potency of individual chemicals. the quantity of lhesc 
chemicals to which the general, non-worker population is exposed, and the size of this population. 
This screening-level tool allows for a broad spectrum of users to examine a multitude of 
environmental issues. 

The TRI Indicators model incorporates eight years of TRI reporting data on most of the significant chemical releases reponed 
by more lhan 27,000 facilities. Indicator values are relative ranking numbers. The data elements computed by the indicators can 
be viewed at a national level or disaggregated in a wide variety of ways, e.g., by medium, chemical, geographic area (EPA 
Region, state, county, city, zipcode), industry sector, reporting facility, year or a combination of these and other variables. Bes 
ides risk-related assessments, the model enables users to examine TR.I reported emissions from a pounds-only perspective, as 
well as investigate the influence of toxicity weights and population on the final values. The TRI indicators model not only allows 
the analyst to examine trends, but to rank and prioritize cbemicals for strategic planning, risk-related targeting, and 
community-based environmental protection purposes as well. This will potentially allow communities to direct scarce public 
resources to ward the most pressing environmental needs and provide a basis for establishing a dialogue with local TRI 
reporting facilities. 

OPPT is developing the Environmental Justice (EJ) Module which will provide a unique capability for examining, in a 
comparative manner, estimates of the aggregate risk-related impacts on user-selected geographic locations from all TRI on-site 
releases and off-site transfers. Combined with demographic information on affected populations (such as race, income or age), 
the indicators are used to investigate EJ issues related to the distribution of risk-related impacts. 

There is nn correlation between the toxicity criteria and methodology used to make listing/delisting decisions under EPCRA 
section 313 and the methodology used to rank chemicals for the indicators. EPCRA sets out statutory criteria for listing 

3125198 9: 16 AM 



Oiemicals In the Environment: Public Access lnfonnalion - Issue #6 (Fall 1997) h11p1lwww.epa.gov/opptintt/cidissuc06j.hlm 

t5ofl9 

chemicals on the basis of acute human, chronic human and/or environmental toxicity which each chemical on the TRI list meets. 
To investigate lhe relati ve risk-based impacts associated wilh emissions of these chemicals, lhe indicators must differentiate 
their relative toxicity and rank them in a consistent manner. The ranking of each chemical reflects its sing1~ most sensitive 
chronic human health toxicity endpoint for inhalation and oral exposure pathways. Note that this ranking is only relative to other 
chemicals which are included in the indicators, not lo some benchmark or absolute value. 

Working relationships were established wilh other EPA Offices, e.g., lhe Office of Enforcement and Compliance Assurance's 
Sector Facility Indexing Project (providing information to communities oo hazard-weighted TRI releases within five industrial 
sectors) and lhe Federal Facilities Office's Environmental Justice Enforcement Initiative (a national report based in part on 
risk-related analyses provided by the Indicators). The EPA Science Advisory Board (SAB) recently conducted reviews of: (I) 
the indicators' toxicity weights, (2) overall methodology, and (3) a consultation on the development of the chronic ecological 
indicator. The SAB expects lo issue ils final reports by year's end. An OPPT Internet home page will make available news about 
the model, documents, toxicity weights, and results. 

For further information please contact: Dr. Nicolaas W. Bouwes, (202) 260-1622; (e-mail: bouwes.nick@epamail.epa.gov), or 
Dr. Steven M. Hassur, (202) 260-1715; (e-mail: hassur.steven@epamalLepa.gov). 
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International Perspective: Pollutant Release and 
Transfer Registers 

John Harman, OPPT 

The Toxics Release Inventory (TRI) is an environmental management system lhat countries around the 
globe are implementing. It is expected lhat within the next few years, over 30 nations will be operating 
TRI-like systems, known internationally as Pollo tant Release and Transfer Registers (PRTRs). This 
global movement is offering new opportunities, not only at the intematiooal level, but at the national 
level as well. 

Compillng and Comparing PRTR Data 
An example is the work already underway in North America. An organization called the Commission for Economic Cooperation 
(CEC), created by a side-agreement to the North American Free Trade Association (NAFTA), has prepared a document that 
compares the PRT R data between Canada and lhe United States. Another CEC report builds on Ibis study by actually compiling 
the common data. The result is a picture of releases and transfers of toxic chemicals across both countries. PRTR data from 
Mexico is to be included starting with lhe 1997 report. 

There are benefits to this process of compiling and comparing PRTR data between nations. As pollutants do not respect political 
boundaries and releases in one country can affect the environment of a neighbor, the public should know about these chemical 
releases. Therefore, the public could benefit from PRTR data because they are able to obtain release and transfer data across a 
much larger area- in lhis case, the North American continenL 

Another benefit is the ability to compare release and transfer data between the countries. It can be advantageous, for instance, to 
contrast the reporting patterns of an industrial sector in one country to that sector in another country regardless of the reason for 
the differences. Looking at individual chemicals or groups of chemicals can lead to fruitful investigation of one country's enviro 
nmental regulations as a model for other countries. 

Meeting International Obllgations 
PRTRs also play a role in the work undertaken by the Organisation for Economic Co-operation and Development (OECD). The 
OECD is an organization comprised of the 29 most industrialized democracies, which last year issued a Council 
Recommendation calling on its member states to implement PRTR systems. 

As part of its commitment to PRTRs, the OECD has integrated its PRTR work into its larger Chemicals Program. Among the 
objectives of this approach is to use the PRTR data as a tool for tracking progress toward meeting the many international 
agreements and conventions of which the OECD is a part. For instance, the OECD is w orking within the frameworks of the 
Persistent Organic Pollutants, the Climate Change Convention, and the Basel Convention. PRTR data can be used to track and 
monitor the progress at meeting the goals of lhese agreements both by individual nations and for the OECD community as a 
whole. Regional organizations, such as North America's CEC and European organizatioos (Convention on Long-Range 

3/25198 9:16 AM 

Olenticels In lhe Environmem: Public Access Information ~ Issue #6 (Fall t WT) hnp1lwww.epa.gov/opptintrlcidissue06j.htm 

16of 19 

Transboundry Air Pollution). have proposed similar steps. 

Analyting PRTRt 
An additional project that the OECD is presently undertaking is another example nf the benefits of the internationalization of 
PRTR syslems. This study is a look at the reporting patterns, plus the resulting benefits of reporting, by industries in countries 
with PRTR systems. By conducting this analysis, the OECD can highlight how the various PRTR systems affect lhe 
environmental activities and the environmental cultures at the reporting facilities. 

Cooperation Between Nations 
The results of the OECD study will be one of the subjects at an international workshop on PRTRs. Japan, which is moving 
swiftly lo develop its own PRTR system, will host this workshop in 1998. The workshop will be an opportunity for countries 
already operating PRTR systems, countries with PRTRs under development, and other interested nations, industry, and 
non-governmental organizations to meet and discuss the rapidly evolving status of PRTRs around the globe. As in every step of 
the PRTR prncess, the United States in an active participant. 

Go back to Table of Contents 
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TRI-US Services: A Look at e • • e e e 
Customer Service, Satisfaction, and II II 
Assessment 

GeorgianM McDonald, OPPT 

Before a product 1s developed or a service is provided, there are 
maoy things to consider in assessing the needs of the audience. 
Traditional program evaluations address the objective outcomes of a program, but products and services shout d also be 
evaluated, in terms of qualities such as accuracy, timeliness, usefulness and ease of access. Over the past several years, the 
Office of Pollution Prevention and Toxics (OPPT} has been cooducting customer satisfaction surveys to help assess information 
products and services. Based on customer feedback, OPPT can modify its products and services to better meet lhe public's 
needs. 

OPPT's TRI User Support (TRI-US) team provides a variety of products and services to a wide raoge of 
customers-individuals, communities, local and state governments. private businesses, non-profit organizations, Native 
American tribes, and others. To meet the needs and preferences of TRI-US customers, and to solicit feedback on the products 
and services currently provided, OPPT initiated a customer service review. 

Methods of gathering customer feedback include focus groups. mail-out surveys, telephone surveys. hands-on-labs, or just plain. 
old-fashioned postcards. To determine the customers' level of satisfaction, OPPT chose to use a telephone survey for TRI-US 
services. This melhod would allow OPPT to: 

• Gain insight into the identification of TRI-US service qualities of greatest importance to the public; 
• Examine the gap between customer expectations and their perception of actual service performance; and 
• Identify customers attitudes, opinions, and expectations, regarding the service. 

For lhe TRI-US projec~ OPPT analyzed the TRI-US Caller Log Sheets lo identify a sample set of existing customers for the 
survey. Identifying the target audiences for a product or service can be directed towards those who are personally interested in 
TRI , those who use it professionally for Jhemsclves, or those who use it to galher the information for others. The most likely 
and primary target for TRI-US services and information is the educated, non-technical information provider (e.g., county/state 
public health official, public interest representative, teacher, and community-based organizer, etc.) who has access to a network 
of people interested in TRI or environmental issues. 

With the help of survey experts, OPPT designed the TRI-US telephone survey questionnaire; the experts are conducling the • 
survey by making calls to customers. A final report on survey results is due to OPPT in mid-January 1998. OPPT expects that the 
su rvey will help target the kinds of TRI information services, and quality of service, that are most important to our customers. 

Conducting surveys, assessments l!Dd focus groups serves as a valuable tool for recognizing and addressing the public's 
information needs. With customer feedback, OPPT seeks to find out whether TRI-US products and services are reaching the 
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intended aud ience, are providing the kind of information people seek, and satisfying the public in terms of quality and 
timeliness. 

Go back to Table of Contents 

TRI: An Academic Perspective 

John C. Pine, Ed.D., Assodale Professor -Ruearch 
Institute for Environmental Studier, Louisiana State University 

The publication of the Toxics Release Inventory (TRI) in 1989 provided a means for 
examining environmental policies and strategics, and clarifying risks associated with 
toxic chemicals al the slate and local level. For the academic community , the data 
submilled by manufacturing facilities at the state and federal levels meet rigorous 
standards and can be used to examine public policy and program strategics. 

QUJJ/ity of TRI Dal4 'jk· ,,..,. 
Students and faculty In the academic community have been drawn to the TRI data F: ~'\ 
because it provides a national perspective for collccling data at the national, state, and ~-"-~;~ 
local level. The data do not focus on one area of the environment but include ~' 
information from a broad perspective including air emissions, water releases, and ]and ) '------------' 
discharges. The data are collected nationally in a consistent manner uoder the guidance 

--~ pf 
and support of the U.S. Environmental Protection Agency and the slates. Users from the academic community believe that the 
collectioo procedures are valid and consistent. TRI data facilitate long-term assessments of national aod state policies, and 
industry efforts to reduce emissions. 

Applications of TRI Data 
TRI data provide a foundation for examining environmental programs and ri•k assessments. Three studies completed by faculty 
at the Institute for Environmental Studies at Louisiana State University demonstrate the wide use of the data by the academic 
community. The first was an objective examination of state environmental programs usiog the emissions-to-jobs (E/J) ratio 
which compares TRI data to employment. This ratio is determined by the number of pounds of emissions per year per job in a 
given industry and location. 

There seem to be few objective standards available for evaluating stale environmental programs and policies. A state may use 
the E/J ratio lo examine total emissions by industry based on their standard industrial classification (SIC) code, as well as !he 
total emissioos by employment within the SIC code. The E/J ratio is also one way to see bow stale property tax exemptions 
affect new industries or lhe expansion of current industry operations. 

In the second study, TRI was used to estimate total TRI emissions given the size and composition of a state's manufacturing 
sector as compared lo the Green Index, a national listing which uses 256 indicators to categorize each state's environmental 
health. For example, TRI data from 1988, 1989, and 1990 may be used to estimate the difference between a state's expected 
level of total emissions and the reported value. States were ranked based on these estimated erIUssions and compared to the 
Green lnclex1s "green conditions" and "policy conditions." 

For the third study. TRI data were used to identify and assess areas in a state and the risks associated with accidental reJeases of 
hazardous chemicals. The study identified 12 to 15 parishes (counties) with the greatest risk of accidental releases from 
hazardous chemicals. These "high risk" parishes would be targeted for intensive hazards analysis efforts. In the study, TRI air 
emissions data were summed by parish aloog with pollution prevention (P2) reports submitted to the stale Right-to-Know 
Office. 

Al the time of this analysis, Louisiana was one ofonly a few states that had ao electronic database of the P2 chemical inveotories 
of hazardous chemicals. In addition to the P2 chemical inveotories, rosean:hers selected a subset of the P2 data, includiog 
Extremely Hazardous Substances (EHS). A relative ranking of the pari shes was established using the TRI air emissions, P2 
chemicals and facilities, and EHS chemicals and facilities. A comparison of these rankings showed that the TRI air emissioos 
was an excellent predictor of both the P2 chemicals and facilities rankings, and the EHS chemicals aod facilities. 

The three applications of the TRI data in research projects illustrate that the academic community is looking well beyond 
relative reductions in emissions by chemical or by media. In contrast to state TRI program officials or facility managers, the 
academic community combines the TRI with other data to examine public policy issues. environmental initiatives, and the 
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relative risk of geographic areas with hazardous chemica1s. 
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Proof Positive: TRI Success Stories 

Marla Hendriksson, OPPT 

Now in its eleventh year, the TRI program continues lo 
expand its outreach. As the Right-to- Know concept 
broadens its purview, more and more people are interested 
io learning about the TRI's successes. To meet this growing 
interest, EPA is creating a compendium of success stories. 
The purpose of this compendium is to collect and share 
information on the program's uses for addressing and 
enhanciog public awareness of the potential risks posed by 
toxic chemicals released into the environment by industrial 
facilities. 

Many facilities realize the environmental and societal 
benefits of disclosing their information. As a result of the 
program's influence, EPA has expanded the list of 
chemicals and industries covered under TRI. There has also 
beeo a doubling in the numb er of chemicals reported by 
facilities around the US. Over 31,000 facilities are now 
submitting reports, representing a 30% increase over the 
past year. To dale, there are over 600 chemicals listed io 
the database. • 
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Doing well 
and 

doing good 
are not 

mutually 
exclusive. 
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The recent TRI/Right-to-Know Conference held in Washington, OC presented an opportunity for TRI to celebrate its successes. 
In the opening and closing p1enaries as weU as in a course entitled. "Success Stories of TRI Use," there were several discussio ns 
on how TRI has made a positive impact through communities, Industries, Stale and local government, advocacy groups and 
other organizatioos. Here are some of the highlights in TRI's achievements as mentioned in the conferenee: 

Business and Industry 
In the steady increase of industry participation, several companies have stepped to the forefront in reducing chemical releases to 
the environment Companies such as Rh6ne-Poulenc and DuPont attribute their successes, wholly or partly, to the TRI program. 
Since Rh6ne-Poulenc (the 6lhJargesl chemical company worldwide) joined the program, their toxic emissions have decreased by 
50% and they are oow recycling 90% of the chemicals they use. DuPont's chemical releases have declined by over 50% and it 
has experienced a 70% decrease in the number of injuries, illnesses and incidents involving chemical releases. 

TRI has even influenced businesses not covered under the regulation. Lucrative investments in environmenta11y-fricndly 
industries are on the rise. According to Neuberger & Berman (N&B), because of the growing ioteresl in environmentally 
conscientious companies. N&B is now using TRI to screen socially-responsive portfolios. 

State Government 
Examples of states that have recently instituted TRI-based initiatives include Tennessee aod Louisiana, two states with a high 
population of industrial facilities. Tennessee is proud of its 2000 Initiative on air pollution. This program emphasizes industry 
outreach aod the participation of local facilities in pollution reduc tion schemes. Louisiaoa is equally pleased with its 
Environmental Leadership Program. This initiative encourages partnerships with the local chemical industry and stresses 
voluntary reductions of emissions beyond levels of compliance. 

Administrator Browner recenlly stated that more than 1,500 community groups use TRI data in their dealings with local 
government and industry. Grassroots groups and non-profit organizations, well represented at the conference, were eager to 
voice their successes in the legislative and legal systems. Inspired by TR.I's momentum, some groups successfully lobbied for 
slate laws such as the Toxics Use Reduction Act (Massachusells) and a Toxics Right-to-Know charter amendment (Oregon). 
Other organizations, such as Don't Waste Arizona, Inc., successfully sued facilities for failure to report under EPCRA- but 
with a constructive twist: instead of paying hefty fines to EPA, court judgments were issued for companies to apply some fines 
toward facility improvements to meet compliance. 
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TRl is successful because there is something in it for everyone. ln complying wi.J.h regulations, industry benefits the environment 
by reducing chemical releases. Jn some cases. a company's stock investments increase and the bottom line improves as a result 
of more socially-responsive practices. As community groups learn about the hazards around them, they can coalesce to promote 
safer, healthier communities. Non-profit organizations serve to increase public awareness and efficacy by bridging 
communications with government. Finally, while serving the public at large, Federal, State and local governments become 
stewards of environmental protection by operating programs and initiatives that further awareness of potenlia I chemical 
hazards. 
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Revisiting Carrying Capacity: 
Area-Based Indicators of Sustainability 

by William E. Rees, The University of British Columbia 

- -- -------- - -- - --- - - . ·-- - - -- - - •· - ·- ---- --
Conventional wisdom suggests that becausc·of technology and trade, human-carrying capacity is inrmitely expandable 
and therefore virtually irreievant to demography and development planning. By contrast, tins artlcle argues that 
ecological carrying capacity remains the fundamental basis for demographic accounb.ng. A fundamental question for 

I 
ecological economics is whether remaining stocks of natural capital are adequate-to sustain the anticipated load of(lie 
human-economy into the next century. Since mamstream (neoclassical) models are blind 10 ecological structure and 
function, they cannot even propetly address 1h111 question. TIie present arb.cle therefore assesses the capital stocks, 

i physical flows, and corresponding ecosystems ar<,as required lo support the-economy using "ecologieal fOOlprint" 
analysis. This approach shows that most so-called "advanced 11 couotnes are running massive unaccounted ecological 
deficits with the rest of the·planet. Since·not all countries can be net importers of carrying capacity, the matenal 
standards of the wealthy cannot be extended sustainably to even the-present world population using prevailing 
technolo~y. In th,s light, sustamability may well depend on.such measures -as greater empbasis on eqmty in mtemational 
relationslups, significant adjustments 10 prevailing terms of trade, increasing regional self•rellance, and policies to 
stimulate a massive 1m:rease in the material and energy efficiency of economic activily. 

Please address corre,pondence to Dr. R,.s, The University of British Columbia, School of Community and Regional Planning, 
6333 Memorial Road, Vancouver, BC, Canada V6T /Z2. 

Popularion and Environment: A Journal of Interdisciplinary Studies Volume 17, Number 3, January 1996@ 1996 Human 
Sciences Press, Inc. 

WHY CARRYING CAPACITY? 

According to Garrett Hardin (1991), "carrying capacity is the fundamental basis for demographic 
accounting." On the other hand, conventional economists and planners generally ignore or dismiss the 
concept when applied to human beings. Their vision of the human economy is one in which "the factors of 
production are infinitely substitutable for one another" and in which "using any resource more intensely 
guarantees an increase in output" (Kirchner et al., 1985). As Daly (1986) observes, this vision assumes a 
world "in which carrying capacity is infinitely expandable" (and therefore irrelevant). Clearly there is great 
division over the value of carrying capacity concepts in the sustainability debate. 

This anicle sides solidly with Hardin. I stan from the premise that despite our increasing technological 
sophistication, humankind remains in a state of "obligate dependence" on the productivity and life suppon 
services of the ecosphere (Rees, 1990). Thus, from an ecological perspective, adequate land and associated 
productive natural capital are fundamental to the prospects for continued civilized existence on Earth. 
However, at present, both the human population and average consumption are increasing while the total 
area of productive land and stocks of natural capital are fixed or in decline. These opposing trends demand 
a revival of carrying capacity analysis in sustainable development planning. The complete rationale is as 
follows: 

Definitions: Carrying Capacity and Human Load 
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~- -I , An environment's carrying capacity is 
, its maximum persistently suppor1llble load (Catton 1986). 
: 

For purposes of game and range management, carrying capacity is usually defined as the maximum 
population of a given species that can be supported indefinitely in a defined habitat without permanently 
impairing the productivity of that habitat. However, because of our seeming ability to increase our own 
carrying capacity by eliminating competing species, by importing locally scarce resources, and through 
technology, this definition seems irrelevant to humans. Indeed, trade and technology are often cited as 
reasons for rejecting the concept of human carrying capacity out of hand. [According to onhodox theory, 
free trade is invariably good, resulting in improved living standards and increased aggregate productivity 
and efficiency -- increased carrying capacity -- through comparative advantage.] 

This is an ironic error -- shrinking carrying capacity may soon become the single most important issue 
confronting hwnanity. The reason for this becomes clearer if we define carrying capacity not as a 
maximum population but rather as the maximum "load" that can safely be imposed on the environment by 
people. Human load is a function not only of population but also of per capita consumption and the latter 
is increasing even more rapidly than the former due (ironically) to expanding trade and technology. As 
Catton (1986) observes: "The world is being required to accommodate not just more people, but 
effectively 'larger' people .. . " For example, in 1790 the estimated average daily energy consumption by 
Americans was 11,000 kcal. By 1980, this had increased almost twenty-fold to 210,000 kcal/day (Catton 
1986). As a result of such trends, load pressure relative to carrying capacity is rising much faster than is 
implied by mere population increases. 

The Ecological Argument 

Despite our technological, economic, and cultural achievements, achieving sustainability requires that we 
understand human beings as ecological entities. Indeed, from a functional perspective, the relationship of 
humankind to the rest of the ecosphere is similar to those of millions of other species with which we share 
the planet. We depend for both basic needs and the production of artifacts on energy and material 
resources extracted from nature and all this energy/matter is eventually returned in degraded form to the 
ecosphere as waste. The major material difference between humans and other species is that in addition to 
our biological metabolism, the human enterprise is characterized by an industrial metabolism. In 
ecological terms, all our toys and tools (the "capital" of economists) are "the exosomatic equivalent of 
organs" (Sterrer, 1993) and, like bodily organs, require continuous flows of energy and material to and 
from "the environment" for their production and operation. It follows that in a finite world: 

* Economic assessments of the human condition should be based on, or at least informed by, ecological 
and biophysical analyses. 

• The appropriate ecological analyses focus on the flows of available energy/matter (essergy) particularly 
from primary producers--green plants and other photosynthesizers -- to sequential levels of consumer 
organisms in ecosystems (specifically, humans and their economies) and on the return flows of degraded 
energy and material (wastes) back to the ecosystem. 

This approach shows that humankind, through the industrial economy, has become the dominant consumer 
in most of the Eanh's major ecosystems. We currently "appropriate" 40% of the net product of terrestrial 
photosynthesis (Vitousek et al., 1986) and 25-35% of coastal shelf primary production (Pauly & 
Christensen, 1995), and these may be unsustainable proportions. [Global fisheries yields have fallen since 
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1989.] At the same time some global waste sinks seem full to overflowing. 

A fundamental question for ecological economics, therefore, is whether the physical output of remaining 
species populations, ecosystems, and related biophysical processes (i.e., critical self-producing natural 
capital stocks -- see Box I), and the waste assimilation capacity of the ecosphere, are adequate to sustain 
the anticipated load of the human economy into the next century while simultaneously maintaining the 
general life support functions of the ecosphere. This "fundamental question" is at the heart of ecological 
carrying capacity but is virtually ignored by mainstream analyses. 

-------- ----·-·----- - ----
Box 1: On Natural Capital 

Natural capital refers to 'a stock[of tlalural assets] that yields a flow of valuable goods and services into the future.• For 
example, a f=st or a fish stock can provide a flow or harvest that is potentially sustainable year after year. The stock 
that produces this flow is" natural capital" and the sustainable !low is "natural income." Natural capital also provides 
such services as waste assimilation, erosion and flood·control, and protection from ultra-violet radiation (the ozone·layer 
is a form of natural capital). These life support services are also counted as natural income. Since the flow of services 
from ecooystems often r,quires that they function as Intact systems, the structure and diversity of tbe system may be an 
important cc,mponent of natural capital. 

There are three broad classes.of natural capital: Ren,,wable nalural capllal, such as living species and.ecosystems, ts 
self-pnlducing and selr-tnalnlaining using solar energy and photosynthesis. These forms can yield marketable goods 
such as wood fibre, but may also provide unaccounted essential services when left in,place (e.g., climate regulation). 
Rep/eniJha/Jle natural capital, such as groundwater and the ozone layer, is non-livmg bot is also o!IJ,n dependent on the 
solar "engme' for renewal. Finally, non-renewable natural capilal such as fossil fuel and minerals, are analogous to 
inventories • any use imphes liquidating part of the stock. 

This article tal<es.the position that since adequate stocks of self-producing and replemshahle natural capital are essential 
for life support (and'are generally non-substitutable), these forms are more important to suslainab!lity than are 
non•ret1ewable forms. 

Source: Rees (1995), liberally adapted from Costanza and Daly (1992). 

Second Law Arguments 

A related rationale for revisiting carrying capacity flows from consideration of the Second Law of 
Thermodynamics. In particular, modem formulations of the second law suggest that all highly-ordered 
systems develop and grow (increase their internal order) "at the expense of increasing disorder at higher 
levels in the systems hierarchy" (Schneider & Kay, 1992). In other words, complex dynamic systems 
remain in a nonequilibrium state through the continuous dissipation of available energy and material 
(essergy) extracted from their host environments. They require a constant input of energy/matter to 
maintain their internal order in the face of spontaneous entropic decay. Such self-organising 
nonequilibrium systems are therefore called "dissipative structures." 

Tiris extension of the second law is critical to human carrying capacity. Consider that: 

* The human economy is one such highly-ordered, dynamic, far-from equilibrium dissipative structure. At 
the same time . . . 

* The economy is an open, growing, subsystem of a materially closed, nongrowing ecosphere (Daly, 
1992), and is therefore dependent on the formation of essergy in the ecosphere for its growth and 
developments. [fhis input to the economy from nature is the "natural income" referred to in Box l] 

3125/98 9:30 AM 

F.co!ogical Foolprint - Revisiting Carry ... Arca-8'-""1 lndicalors of Sustainability http://dicoff.org/pagel IQ.him 

4of 16 

This relationship implies that beyond a certain point, the continuous growth of the economy can be 
purchased only at the expense of increasing disorder or entropy in the ecosphere. This is the point at which 
consumption by the economy exceeds natural income and would be manifested through the continuous 
depletion of natural capital --reduced biodiversity, air/water/land pollution, deforestation, atmospheric 
change, etc. In other words, the empirical evidence suggests that the aggregate human load already 
exceeds, and is steadily eroding, the very carrying capacity upon which the continued humane existence 
depends. Ultimately this poses the threat of unpredictable ecosystems restructuring (e.g., erratic climate· 
change) leading to resource shortages, increased local strife, and the heightened threat of ecologically 
induced geopolitical instability. 

In this light, the behavior of complex systems and the role of the economy in the global thermodynamic 
hierarchy should be seen as fundamental to sustainability, yet both concepts are alien to the dominant 
development-oriented institutions in the world today. 

AVAILABLE EN~GY 
AND MAlERIAL 
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~ 
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Why Economics Cannot Cope 

FIGURE!. The linear throughput of energy/matter 
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The linear throughput of low-entropy energy and matter (upper part of diagram) sustains the economy and drives the circular 
flows of uchange valiu (lower part of diagram), yet is invisable to conventional economic analysis. 
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1989.] At the same time some global waste sinks seem full to overflowing. 

A fundamental question for ecological economics, therefore, is whether the physical output of remaining 
species populations, ecosystems, and related biophysical processes (i.e., critical self-producing natural 
capital stocks -- sec Box I), and the waste assimilation capacity of the ecosphere, are adequate to sustain 
Ilic alllicipated load of the human economy into the next century while simultaneously maintaining the 
general life support functions of the ecosphere. This "fundamental question" is at the heart of ecological 
carrying capacity but is virtually ignored by mainstream analyses. 

leox I: On Natural Capital 

- - ------------ _ , _____ _ 

Natural capital refers to "a stock [of natural assets] lhat yields a flow of valuable goods and services into the future." For 
example, a forest or a fish stock can provide a flow or harvest that is potentially sustainable year after year. The stock 
that produces this flow is• natural capital" and the sustainable flow is "natural income." NaturaJ,capital also,proYides 
such servkeus wasle assimilation, erosion and flood ·conlrQI, and protection from ultta-Yiolet radiation (the ozone layer 
is a form of natural capital). These lire support services are also counted as natural income. Since the flow of services 
from eccsysrems ollen-requires that they function as intact systems, the structure and diversity of·lhc sysrem may be an 
important compo11Cnt of natural capital. 

There are tbree,broad classes of natural capital: Rem,wable natural capital, such as living species and-ecosyslems, is 
self-producing and· self•maintaining using solar energy and photosynthesis. These forms can yield marketable goods 
such as wood !ibn,, but may also provide unaccounted esscotial services when left in-place (e.g., climale regulation). 
Replenishable natural,capual, such as groundwater and the-omne layer, IS non-living 'but is also often dependent on lhe 
solar "engme" for renewal, Finally, non-renewable natural capital such as fossil fuel and mmerals, are analogous to 

1 mventories - any use implies liquidating part of the stock. 

This 'lrtlclc tclccs lhe position that since adequate stocks of self.produc,ng and replenishable natural capital are e&.1ential 
for life support (and are generally non-substitutable), these forms are more important to sustainability than are 
non-renewable forms. 

Sour= Rees (1995). hbcrally adaplcd from Costanza-and l>.Jy (1992). 

Second Law Arguments 

A related rationale for revisiting carrying capacity flows from consideration of the Second Law of 
Thermodynamics. In particular, modem formulations of the second law suggest that all highly-ordered 
systems develop and grow (increase their internal order) "at the expense of increasing disorder at higher 
levels in the systems hierarchy" (Schneider & Kay, 1992). In other words, complex dynamic systems 
remain in a nonequilibrium state through the continuous dissipation of available energy and material 
(essergy) extracted from their host environments. They require a constant input of energy/matter to 
maintain their internal order in the face of spontaneous entropic decay. Such self-organising 
nonequilibrium systems are therefore called "dissipative structures." 

This extension of the second law is critical to human carrying capacity. Consider that: 

* The human economy is one such highly-ordered, dynamic, far-from equilibrium dissipative structure. At 
the same time ... 

* The economy is an open, growing, subsystem of a materially closed, nongrowing ecosphere (Daly, 
1992), and is therefore dependent on the formation of essergy in the ecosphere for its growth and 
developments. [This input to the economy from nature is the "natural income• referred to in Box 11 

------------- ---------------- ------- -- - -- . 
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This relationship implies that beyond a certain point, the continuous growth of the economy can be 
purchased only at the expense of increasing disorder or entropy in the ecosphere. This is the point at which 
consumption by the economy exceeds natural income and would be manifested through the continuous 
depletion of natural capital --reduced biodiversity, air/water/land pollution, deforestation, atmospheric 
change, etc. ln other words, the empirical evidence suggests that the aggregate human load already 
exceeds, and is steadily eroding, the very carrying capacity upon which the continued humane existence 
depends. Ultimately this poses the threat of unpredictable ecosystems restructuring (e.g., erratic climate 
change) leading to resource shortages, increased local strife, and the heightened threat of ecologically 
induced geopolitical instability. 

In this light, the behavior of complex systems and the role of the economy in the global thermodynamic 
hierarchy should be seen as fundamental to sustainability, yet both concepts are alien to the dominant 
development-oriented institutions in the world today. 

AVAILABLE ENERGY 
AND MATERIAL 

(t;SSERGY) 

Why Economics Cannot Cope 

FIGUREl. The linear throughput of energy/matter 
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The linear throughput of low•entropy energy and matter (upper part of diagram) .sustains the economy and drives the circular 
flows of exchange valiu ( lower part of diagram), yet is in\Jisable to conventio,uil economic analy1is. 
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Box 2: The Blind Spot lo Coovenbonal AnalyS1s 

Mainstream eennomics @!>roaches the issue of adequale·capitalstocks lhrougb mot1elary analysis. However, money and 
pnces are excessively abstracted from the material weallh Ibey are supposed to represent. For example: 

Where there are marl<ets for ecologically S1gnifican.t "goods and services," prices do not reflect thc·sileof !he 
corresponding natural capital stocks, whether there are cntical minimal levels below which stocks can no longer 
replenish lhemselves(lhe real measure ofbiopbystcal scarcity), the functional roles of such stocks in relevant 
ecosyslemS, or !heir 11ltimate value in susiaininglife. Meanwhile ... 

Many ecological goods and most Ute-support services remain unpriced and therefore not subject to market signals or 
related behavioral change of any kind. (The ozone layer ,s a case in point.) 

Unfortunately, current efforts to "internalise the.externalities," "get the prices right" and.otherwisccommodify the 
environment suffer from major data gap1, the fun,;tlonal transpare11ey of natural proeesscs.(.we don't know lhcY,re 
valuable until they're gone), and·olber theoretical ptoblems that often render futile attempts to quantify, let alone price, 
many cntical ecologH:al goodli and services (Vatn and Bromley 1993). In short ... 

Standard mooetaty analyses are blind to ecological structure and function and are therefote ineapable,of indicating either 
ecologically mearungful scaricil3/ of iocip1cnt systems delitab1hsation. 

Part of the reason for this perceptual gulf is that many of the questions raised by ecological and 
thermodynamic considerations are invisible to mainstream approaches. Economic analysis is based on the 
circular flow of exchange value (money flows) through the economy, not on physical flows and 
transformations. Prevailing economic models of growth and sustainability thus "lack any representation of 
the materials, energy sources, physical structures, and time-dependent processes basic to an ecological 
approach" (Christensen, 1991). Thus while, the second law is arguably the ultimate governor of economic 
activity, standard models do not recognize the unidirectional and thermodynamically irreversible flux of 
available energy and matter upon which the economy depends (Figure I). Similarly, conventional 
approaches to conservation and sustainability focus mainly on the money values of marketable resource 
commodities (e.g., timber) and are insensitive to the intangible (but ultimately more valuable) nonmarket 
ecological functions of the natural capital that produces them (e.g., the forest ecosystem). Box 2 
summarizes this problem. • • 

In this light, economists' lack of concern about carrying capacity would seem to derive, in large part, from 
conceptual weaknesses in their analytic models. The necessary conditions for ecological sustainability can 
better be defined through the analysis of physical stocks and flows interpreted in light of appropriate 
ecological and complex systems theory. 

Technology and Trade: No Boon to Carrying Capacity 

As previously noted, conventional analysts often argue that trade and technology expand ecological 
carrying capacity. This is a misconception. Even in the best of circumstances, technological innovation 
does not increase carrying capacity per se but only the efficiency ofresource use. In theory, shifting to 
more energy- and material-efficient technologies should enable a defined environment to support a given 
population at a higher material standard, or a higher population at the same material standard, thereby 
seeming to increase carrying capacity. However, in either case, the best we could hope for in an 
increasingly open global economy would be to maintain total human load constant in the vicinity of 
carrying capacity -- the latter would still ultimately be limiting. 

In practice, we have not done even this well -- the steady gains in efficiency throughout the post-war 
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period have been accompanied by steadily increasing per capita and aggregate consumption. It seems that 
efficiency gains may actually work against conservation through the price and income effects of 
technological savings. 

As Saunders (1992) notes, this counter intuitive hypothesis has been the focus of considerable controversy. 
He tested it using neoclassical growth theory and found that energy efficiency gains might well increase 
aggregate energy consumption by making energy cheaper and by stimulating economic growth, which 
further "pulls up" energy use. How might this work? If a firm saves money by switching to more energy­
and material efficient manufacturing processes, it will be able to raise wages, increase dividends, or lower 
prices, which can lead to increased net consumption by workers, shareholders, or consumers respectively. 
These behavioral responses to changes in prices and income are referred to as the "rebound effects" by 
economists (Jaccard, 1991). Similarly, technology-induced money savings by individuals are usually 
redirected to alternative forms of consumption, canceling some or all of the initial potential benefit to the 
environment (Hannon, 1975). To the extent that such mechanisms contribute to increased aggregate 
material consumption and accelerated stock depletion, they indirectly reduce carrying capacity. 

[Rebound effects can be avoided if adequate stock depletion taxes or marketable resource quotas are 
imposed. (Such incentives should be used to stimulate conservation in the first place.) "Ecological 
taxation" would raise unit resource prices, effectively capturing any efficiency savings and preventing their 
further circulation in the economy. However, because ofreduced material and energy intensity, consumer 
prices for goods and services would increase less rapidly than resource prices (Rees, l 994a).] 

More generally, however, technology can directly reduce carrying capacity while creating the illusion of 
increasing it! We often use technology to increase the short-term energy and material flux through 
exploited ecosystems. This seems to enhance systems productivity while actually pennanently eroding the 
resource base. For example, the effectiveness of electronic fish-finding devices and high-tech catching 
technology has oveiwhelmed the reproductive capacity of fish stocks; energy-subsidized intensive 
agriculture may be more productive than low-input practices in the short term, but it also increases the rate 
of soil and water depletion. The net effect is to create unsustainable dependencies on enhanced material 
flows (the technologies involved are often based on nonrenewable resources) while reducing longterm 
carrying capacity. 

The carrying capacity gains from trade are also illusory. While commodity trade may release a local 
population from carrying capacity constraints in its own home territory, this merely displaces some 
fraction of that population's environmental load to distant export regions. In effect, local populations 
import others' "surplus" carrying capacity. The resultant increase in population and resource use in import 
regions increases the aggregate load of humanity on the ecosphere but there is no net gain in carrying 
capacity since trade reduces the load-bearing capacity of the export regions. Indeed, like technology, trade 
may even result in reduced global carrying capacity if access to cheap imports (e.g., food) lowers the 
incentive for people to conserve their own local natural capital stocks (e.g., agricultural land) and leads to 
the accelerated depletion of natural capital in distant export regions. 

These comments are not to be taken as arguments against technology or trade per se. Rather the point is to 
emphasize that conventional assumptions about both should be carefully reexamined in light of carrying 
capacity considerations and that certain conditions must be satisfied before either can contribute to 
ecological sustainability. 

APPROPRIATED CARRYING CAPACITY AND 
ECOLOGICAL FOOTPRINTS 
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We can now redefine human carryil,g capacity as the maximum rates of resource harvesting and waste 
generation (the maximum load) that (;all be suslaiucd indefinitely without progressively impairing the 
productivity and functional integrity of relevant ecosystems wherever the latter may be located. The size of 
the corresponding population would be a function of technological sophistication and mean per capita 
material standards (Rees, 1988). This definition reminds us that regardless of the state of technology, 
lmmank.ind depends on a variety of ecological guods and services provided by nature and that for 
sustainability, :hese must be available in increasing quantities from somewhere on the planet as population 
and mean per capita resource consumption increase (see also Overby, 1985). 

Now, as noted earlier, a fundamental question for ecological economics is whether supplies of natural 
capital will be adequate to meet anticipated demand into the next century. Inverting the standard carrying 
capacity ratio suggests a powerful way to address this critical issue. Rather than asking what population a 
particular region can support sustainal)ly, the carrying capacity question becomes: How large an area of 
productive land is needed to sustain a defined population indefinitely, where11er on Earth that land is 
located? (Rees, 1992; Rees & Wackernagel, 1994; Wackemagel & Rees, 1995). Since many forms of 
natural income (resource and service flows) are produced by terrestrial ecosystems and associated water 
bodies, it should be possible to estimate the area of land/water required to produce sustainably the quantity 
of any resource or ecological service used by a defined population at a given level of technology. The sum 
of such calculations for all significant categories of consumption would give us a conservative area-based 
estimate of the natural capital requirements for that population. 

A simple mental exercise serves to illustrate the ecological reality behind this approach. Imagine what 
would happen to any modern human settlement or urban region, as defined by its political boundaries or 
the area of built-up land, if it were enclosed in a glass or plastic hemisphere completely closed to material 
flows. Clearly the city would cease to function and its inhabitants would perish within a few days. The 
population and economy contained by the capsule would have been cut off from both vital resources and 
essential waste sinks leaving it to starve and suffocate at the same time. In other words, the ecosystems 
contained within our imaginary human terrarium would have insufficient carrying capacity to service the 
ecological load imposed by the contained population. 

This mental model illustrates the simple fact is that as a result of high population densities, the enormous 
increase in per capita energy and material consumption made possible by (and required by) technology, 
and universally increasing dependencies on trade, the ecological locations of human settlements no longer 
coincide with their geographic locations. Twentieth century cities and industrial regions are dependent for 
survival and growth on a vast and increasingly global hinterland of ecologically productive landscapes. It 
seems that in purely ecological terms, modern settlements have become the human equivalent of cattle 
feedlots! 

Cities necessarily appropriate ·the ecological output and life support functions of distant regions all over the 
world through commercial trade and the natural biogeochemical cycles of energy and material. Indeed, the 
annual flows of natural income required by any defined population can be called its "appropriated carrying 
capacity. Since for every material flow there must be a corresponding land/ecosystem source or sink, the 
total area of land/water required to sustain these flows on a continuous basis is the true "ecological 
footprint" of the referent population on the Earth. (See Box 3 for definitions of these and related 
indicators.) Calculating its ecological footprint provides a rough measure of the natural capital 
requirements of any subject population for comparison with available supply. 

"Footprinting" the Human Economy 
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Box 3: A Family of Area,based Sust;tinahility lndlcatots 

Appropnated Canymg Capacity - The biophysical resource flows and waste assmnlation capacity appropriated,per llllit 
, time from global totals by a defined economy or population. 

Ecolottkal Footprint - The com:sponding area or producllve land and aquanc ecosystems required IO.produce the 
resoun:es used, arnho assimilate·ihe wastes produced, by a defined population al a specified material ,tandard oHivrng, 
wherever on Earth Iha! land may be located. 

Personal planetmd -The per capita ecological footprint (EF plN) 

Fair Barthsharc- the amount of ecologically productive land "available" per capita on Earth, cum:ntly about 1.5 h~s 
(1995). A fair sea.shar:e (ecol(1gically productive ocean - coastal shelves upwelliogs and·C$turaries - divided by total 
population} is just over .5 ha. 

Ecological Deficit - The level of rcsout1:e cons ump.lion and waste·discharge by a defined·oconomy or population in 
excess oflocally/regiorui.lly sustamable natural production and assimilative capacity (also, in spatial terms, the difference 
between that economy/population's ecological footprint and·lhe georgrapbic area it actually occupies) 

l Sustai.·oability Gap. - A measure of the decrease.in consumpboo (or the.increase in. material and economic efficiency) 
required to eliminate the ecological deficit. (Can be applied on a region!ll or global scale.) 

The first step in calculating the ecological footprint of a study population is to estimate the per capita land 
area appropriated (aa) for the production of each major consumption item 'i.' We do this by dividing 
average annual consumption of that item ['c,' in kg/capital] by its average annual productivity or yield ['p,' 
in kg/ha] per hectare: 

a.a; =c/pi 

In practice, it is often only possible to estimate average per capita consumption by dividing aggregate 
consumption by the referent population size. Of course, many consumption items (e.g., clothing and 
furniture) embody several inputs and we have found it useful to estimate the a areas appropriated by each 
significant input separately. Ecological footprint calculations are therefore both more complicated and 
more interesting than appears from the basic concept. So far we have estimated the land requirements to 
produce 23 categories of consumer goods and services (Wackemagel & Rees, 1995). 

We then compute the total per capita ecological footprint ('ef) by summing all the ecosystem areas 
appropriated by individual items in the annual shopping basket of consumption goods and services: 

l•lf 

~f = Iaa, 
I•! 

Thus, the ecological footprint (EF P) of a study population is the per capita footprint multiplied by 

population size (N): EF p= N(ef) 

We account for direct fossil energy consumption and the energy content of consumption items by 
estimating the area of carbon-sink forest that would be required to sequester the carbon dioxide emissions 
associated with burning fossil fuels ([carbon emissions/capital/[assimilation rate/hectare)), on the 
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assumption that atmospheric stability is central to sustainability. (An alternative is to estimate the area of 
land required to produce the biomass energy equivalent [ ethanol] of fossil energy consumption. This 
produces a larger energy footprint than the carbon assimilation method.) 

Every effort is made to avoid double-counting in the case of multiple land uses and where there are data 
problems or significant uncertainty we err on the side of caution. Also, while we define the footprint 
comprehensively to include the land/water areas required for waste assimilation, our calculations to date 
do not account for waste emissions other than carbon dioxide. Accounting fully for this ecological function 
would add considerably to the ecosystem area appropriated by economic activity. Together these factors 
suggest that our ecological footprint calculations to date are more likely to be under-estimates than 
over-estimates. 

Data from my home city, Vancouver, British Columbia, Canada, serve to illustrate application of the 
concept. Vancouver proper has a population (1991) of 472,000 and an area of 114 km2 (11,400 hectares). 
However, the average Canadian requires over a hectare (ha) of crop and grazing land under current land 
management practices to produce his/her high meat protein diet and about .6 ha for wood and paper 
associated with various other consumption items. In addition, each "occupies" about .2 ha of ecologically 
degraded and built-over (e.g., urban) land. Canadians are also among the world's highest fossil energy 
consumers with an annual carbon emission rate of 4.2 tonnes carbon (15.4 tonnes CO2) per capita (data 
corrected for carbon content of trade goods). Therefore, at a carbon sequestering rate of 1.8 tonnes/ha/yr an 
additional 2.3 ha of middle-aged North temperate forest would be required as a continuous carbon sink to 
assimilate the average Canadian's carbon emissions (assuming the need to stabilize atmospheric carbon 
dioxide levels). 

Considering only these data, the terrestrial "personal planetoid" of a typical Vancouverite approaches 4.2 
ha, or almost three times his/her "fair Earthshare." [An additional . 74 ha of continental shelf "seascape" is 
appropriated to produce the average Canadian's annual consumption of 24kg of fish.] On this basis, the 
472,000 people living in Vancouver require, conservatively, 2.0 million ha of land for their exclusive use 
to maintain their current consumption patterns (assuming such land is being managed sustainably). 
However, the area of the city is only about 11,400 ha. 

This means that the city population appropriates the productive output of a land area nearly l 74 times 
larger than its political area to support its present consumer lifestyles. [The Vancouver Regional District 
(metropolitian area), with 1.6 million inhabitants and a land-base of 2930 km2, has an ecological footprint 
of6,720,000 ha, 23 times its geographic area.] While this result might seem extraordinary, other 
researchers have obtained similar results. Folke et al. (1994) report that the aggregate consumption of 
wood, paper, fiber, and food (including seafood) by the inhabitants of 29 cities in the Baltic Sea drainage 
basin appropriates an ecosystem area 200 times larger that the area of the cities themselves. (The latter 
study does not include energy land.) 

Many whole developed countries have a similar overwhelming dependence on external ecoproductivity. 
The Netherlands (area: 33,920 sq km) serves to illustrate: We estimate that the people of Holland require a 
land area more than 14 to 15 times larger than their country to support current domestic consumption of 
food, forest products, and energy (Figure 2) (Rees & W ackernagel, 1994 ). The food footprint alone is more 
than 100,000 square kilometers, based on world average productivities. Indeed, Dutch government data 
suggest that the Netherlands appropriates 100,000 to 140,000 km2 of agricultural land, mostly from the 
third world, for food production (including value-added food products produced in the Netherlands for 
export) (RIVM, 1991, cited in Meadows et al. 1992). [Most of the imported "food" is fodder for domestic 
livestock. This is a sufficient "Second Law" explanation of the fact that animal manure represents one of 
the most pressing waste disposal problems confronting the Netherlands!] This "imported" land is five to 
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seven times the area of Holland's domestic arable land. 

It is worth remembering that the Netherlands, like Japan, is often held up as an economic success story and 
an example for the developing world to follow. Despite small size, few natural resources, and relatively 
large populations, both Holland and Japan enjoy high material standards and positive current account and 
trade balances as measured in monetary terms. However, our analysis of physical flows shows that these 
and most other so-called "advanced" economies are running massive, unaccounted, ecological deficits with 
the rest of the planet (Table 1). The last two columns in Table I represent low estimates of these per capita 
ecological deficits in a selection of developed countries. Even if their land were twice as productive as 
world averages, many European countries would still run a deficit more than three times larger than 
domestic natural income. 

These data emphasize that all the countries listed, except for Canada, are over-populated in ecological 
terms -- they could not sustain themselves at current material standards if forced by changing 
circumstances to live on their remaining endowments of domestic natural capital. This is hardly a good 
model for the rest of the world to follow. 

FIGURE2. The Ecological Footprint of the Netherlands 
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With an area of 33,920 square kilometers and a human population density of 440/km2, the Netherlands 
depends on the ecological productivity (carrying capacity) of an area almost 15 times larger than the entire 
country. 

Canada (large area, resource rich, small population) is one of the few developed countries that consumes 
less than its natural income domestically. However, Canada's natural capital stocks are being depleted by 
exports of energy, forest, fisheries, agricultural products, etc. In short, Canada's apparent ecological 
surpluses are being incorporated in part by trade into the ecological footprints -- and deficits -- of other 
countries, particularly those of the United States and Japan. 

·Count,y 

Sustaining Development with Phantom Planets? 
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1
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J Austria 6,740;000 7,900,000 

Belgium 1,987,000 I I 0,000,000 

Dennuuk 3,210,000 I s,200;000 

France I 4s,3ss,ooo [ s1,800,ooo . 

0.24 ·1 1.16 i 730% 

0.19 J 1.81 II 950% 

As.ruming a J 
Ht!clare Footpnnl -I 1·250% 0.85 2.15 
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Switzerland 
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Canada 

Uruted Slates 

I 433;000,000 ; 2s,soo.uoo [ 

725,643,000 j 258,000,000 
L_ - - -

rs.HI 

2.81 

(10,89) (250%) 

2.28 80% 

Ecological deficits are a measure of the entropic load and resultant "disordering" being "imposed on the 
ecosphere by so-called advanced countries as the unaccounted cost of maintaining and further expanding 
their wealthy consumer economies. This massive entropic imbalance invokes what might be called the first 
axiom of ecological footprint analysis: On a finite planet, not all countries or regions can be net importers 
of carrying capacity. This, in turn, has serious implications for global development trends. 

The current objective of international development is to raise the developing world to present first world 
material standards. To achieve this objective, the Bnmdtland Commission argued for "more rapid 
economic growth in both industrial and developing countries" and suggested that "a five to ten fold 
increase in world industrial output can be anticipated by the time world population stabilizes some time in 
the next century" (WCED. 1987). 

Let us examine this prospect using ecological footprint analysis. If just the present world population of 5.8 
billion people were to live at current North American ecological standards (say 4.5 ha/person), a 
reasonable first approximation of the total productive land requirement would be 26 billion ha (assuming 
present technology). However, there are only just over 13 billion ha of land on Earth, of which only 8.8 
billion are ecologically productive cropland, pasture, or forest (1.5 ha/person). In short, we would need an 
additional two planet Earths to accommodate the increased ecological load of people alive today. If the 
population were to stabilize at between 10 and 11 billion sometime in the next century, five additional 
Earths would be needed, all else being equal -· and this just to maintain the present rate of ecological 
decline (Rees & Wackernagel, 1994). 

While this may seem to be an astonishing result, empirical evidence suggests that five phantom planets is, 
in fact, a considerable underestimate (keep in mind that our footprint estimates are conservative). Global 
and regional-scale ecological change in the fonn of atmospheric change, ozone depletion, soil loss, ground 
water depletion, deforestation, fisheries collapse, loss of biodiversity, etc., is accelerating. This is direct 
evidence that aggregate consumption exceeds natural income in certain critical categories and that the 
carrying capacity ofthis one Earth is being steadily eroded. [We should remember Liebigs "Law of the 
Minimum" in this context. The productivity and ultimately the survival of any complex system dependent 
on numerous essential inputs or sinks is limited by that single variable in least supply.] In short, the 
ecological footprint of the present world population/ economy already exceeds the total productive area ( or 
ecological space) available on Earth. 

This situation is, of course, largely attributable to consumption by that wealthy quarter of the world's 
population who use 75% of global resources. The WCED's "five- to ten-fold increase in industrial output" 
was deemed necessary to address this obvious inequity while accommodating a much larger population. 
However, since the world is already ecologically full, sustainable growth on this scale using present 
technology would require at [least] five to ten additional planets. 

ADDRESSING THE DOUBLE-BIND OF SUSTAINABILITY 

Humankind now seems to be the victim of a global "catch-22" of its own making. More material growth, at 
least in the poor countries, seems essential for socioeconomic sustainability, yet any global increase in 
material throughput is ecologically unsustainable. What does ecological footprint analysis have to say 
about this double bind and how we might get out of it? One can draw several conclusions from the above 
analysis that address one or both sides of the dilemma: 
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■ The wealthy already consume on average three times their fair share of sustainable global output. 
Since additional material growth in rich countries would appropriate additional carrying capacity 
further reducing the ecological space available to poor countries, it is both ecologically dangerous 
and morally questionable. To the extent we can create room for growth, it should be allocated to the 
third world. 

■ Confidence in the ability of unregulated trade and technology to overcome ecological limits on 
material growth cannot be justified. Indeed, it is arguable that under prevailing assumptions, 
expanding trade and dominant technologies are allowing humanity dangerously to overshoot 
long-term global carrying capacity. 

■ Trade has been a major contributor to increasing gross world product in recent years. However: a) 
trade is one of the mechanisms by which the rich appropriate carrying capacity and increase their 
own ecological footprints, and b) to the extent that trade increases total human load on the ecosphere 
and accelerates the depletion of natural capital, it reduces the ecological safety net for all and brings 
us closer to global limits. Global terms of trade must therefore be reexamined to ensure that it is 
equitable, socially constructive, and confined to true ecological surpluses. At the very least/ prices 
must reflect ecological externalities and the benefits of growth from trade should flow to those who 
need them most (see Rees, I 994b). 

■ On a finite planet, ecological trade is a zero-sum game -- there can be no net importation of carrying 
capacity for the world as a whole. Ecological footprint analysis provides a useful tool for the 
development of regional ecological (i.e., physical) accounts. These would assist countries tries or 
(bio-) regions to compute their true ecological loads on the ecosphere and to monitor their 
ecological/thermodynamic trade balances. Such accounts would also enable the world community to 
ensure that aggregate global flows do not exceed sustainable natural income (global carrying 
capacity). 

■ Urbanization, globalization, and trade all reduce the negative feedback on local populations from 
unsustainable land and resource management practices. (For example, trade enables us to discount 
the value oflocal natural capital and blinds us to the negative consequences of our 
over-consumption which often accrue in distant export regions.) This provides a further argument to 
shift the emphasis in development from global economic integration and inter-regional dependency 
toward intra-regional ecological balance and relative self-reliance. (If all regions were in ecological 
steady-state the aggregate effect would be global stability.) Tiris position is compatible with Daly's 
and Goodland's (1993) recommended alternative "default position" on international trade, that we 
should strive "to reduce rather than increase the entanglement between nations." 

■ Ecological footprint analysis supports the argument that to be sustainable, economic growth must be 
much less material and energy intensive than at present (see, for example, Pearce, 1994). It therefore 
supports the case for ecological tax reform in aid of resource conservation (von Weizsacker, 1994). 
For example, depletion taxes and marketable quotas on natural capital inputs to the economy would: 
a) stimulate the search for more materially and energy efficient technologies; b) preempt any 
resultant cost savings, thereby preventing the economic benefits of efficiency gains from being 
redirected to additional or alternative forms of consumption, and; c) generate an investment fund 
that could be used to rehabilitate important forms of self-producing natural capital (Rees, I 994a). 

■ Ecological footprint analysis provides a measure of both individual countries' ecological deficits and 
the global sustainability gap (Box 3). The latter in particular is a measure of the extent to which the 
human economy must be dematerialized in order to fit within global carrying capacity. The present 
and related analyses confirm that a "factor-JO" reduction in the material and energy intensity per unit 
of economic service, as suggested by researchers at the Wuppertal Institute in Germany 
(Schmidt-Bleak, l 993a;b), is a reasonable if daunting goal. ["Reasonable" because a reduction in 
throughput of this magnitude seems necessary, "daunting" because a reduction of this magnitude 
through material efficiency alone seems impossible, at least within in the oext few decades. 
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Sustainability may require that competitive individualism and the consumer lifestyle give way to 
cooperative mutualism and an economy of sufficiency.) 

CONCLUSION 

Appropriated carrying capacity and ecological footprint analysis provide several informative area-based 
indicators of sustainability. Unfortunately, these same indicators reveal that we are presently falling 
distressingly short of achieving that elusive goal. Such findings do not, however, support a counsel of 
despair. Rather, ecological footprint analysis raises a cautionary signal, suggests a variety of concrete 
sustainability guidelines, and supports a broadly-based program of reforms that could redirect us in the 
direction we all seem to want to go. In short, to the extent that the assumptions and prescriptions of this 
approach are a better reflection of material reality that those of mainstream models, the present analysis is 
a good news story. The bad news is that most of the world seems committed as never before to the 
well-worn expansionist path. 
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Q EA•A Region 7 
~a, "' United States Environmental Protection Agency 
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US. ENVIRONMENTAL PROTECTION AGENCY:REGION Vil 

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 Investigation Team (CAIT); Computer Aided Management of Emergency Operations 
(CAMEO); Emergency Response Notification System (ERNS); Hazardous Analysis for Toxic 
Substances (HA TS); Landview; Questions and Answers; Tier2 Reporting & Inventory System - EP A's; 
Title III List of Lists; Atmospheric Dispersion of Reacting Agents (Adora); Palmtop Emergency Action 
for Chemicals (PEAC); PLG Off-Site Consequence Analysis Guidance Software;Tier2 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 is required. 

AFTOX--(Air Force Toxic Chemical Dispersion Model) Predicts toxic pollutant 
concentrations form continuous and instantaneous point and area sources. The model also 
calculates evaporation from a liquid spill and the subsequent transport and dispersion or 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 explosion 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 database and substantial modeling 
experience is required. 

SLAB--Performs dense gas dispersion calculations. 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 aJlows 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. 
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TSCREEN--(Toxic Screening Model) Performs release rate, pool evaporation, and natural 
and dense gas dispersion calculations. TSCREEN uses simple methods. It is primarily used for 
screening and little or no modeling experience is required. 

If you have any comments, suggestions, or questions about upcoming 
events, e-mail Mark Smith at smith.marka@epamail.epagov 
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Environmental Health Center 

CAMEO for Windows Demo 

• The demo is self-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 bas uninstall feature. Download now. (1.8 MB file) 

•This demo is not self-installing and is a self-extracting zip 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 CAMEO lEHC Top Page I EHC Directory I NSC Home I Comments 

, ..... ~ ... 
• • . ;. . . . . . . 
~,,,-" ,, ... 

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 

June 20, 1997 I Disclaimer/Policy 
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a..tl~.ti)·ilg t;o ove'r~ooi~ sil!le pf t'li~s•e· !1lff'f.,. 
tultii!S· . . 

Mo!;le L Y:al 1:<141:fon 

lh.e ~v.-:fl:1,1pHity. ,c,.f g~pd. ·:<ll:J~l:f'.ty lifi'!S~ 
gas d.ts·per-.s:ton q~t:& ti1,1.s ·.n'la~.e 11!1(4~1 va,f.!d~H9."' 
ppssj!Jie. ·T.tier--e is work fo. ~tQg_r~n in thh 
eiltr.:eme1 t 11iii>o"'ta-nt area evel'.Yliiher.:e. fo wlikli 
he~1y g_a~ di·spe:r;~t9n: te~eat:.cl\ f·s o!)O(iiiJIO:. At 
L:.IJil~ un<ler U.S. ·111.r. F:q_r.c-e sf)Qrrsctrshl i>, -we: 
are. 1nvol\itd i:n a roMe:l . val"ittat-ii)n -pr.ogr.aiii 
·which tidudes ·de-¥e)o~ent of a ni'odel assesj• 
llient. ~~~h~c;!Q'hig:y., s:11r.v.ey· of e.icpeitmeot-,H .il_n:a 
~o i:d~1Jtifj b·encl!m.~rk dal:4 s:.e:ts., ,~<i.. lllC>dt1f­
da.ta ¢Pini>a:rhbn• usi ng F.EMl tr, SM&. 1he 
!IIOdt!l ·vaf ~4l10ll· .j)ro~e5-$ .Jh;b= =1:lielllll¢~ etaTu­
at:io)i o·f ·:the:: 
• • fo):ier<eli:t. a-cc;ur:ac_y· of- th~ li)odelt • m1the 

ciJj.t:i ~l .f-rajli·e)fg_r~ ' 
aqcl(l'a_1;y. o.f a11al1-abl:.e l(ll)l.lt <la-ta • 
.tc:c-ui•aey of me.t=e-oro.l 'ogical dt!~~rtpUon. 

~ppr..~pr:1tt~6s of IIOde:J 1~$'\lil_pt:l9r\s, 
accur:ac-y Q.f r~esenh,t.10:n: -of :phys tc•J 

pr:9ci!ts-~~, 
c~rHons- wit~ hbol'atdr.y s.:ca}e, and 
:canp.ari-:son iii tl:I f .tfad· sca:J:e. • 

. thus.:, f 1~ld e)(peri1ae.nts arid nio4el 9~y~l 1ip;,e:n_t 
-~:r.e tied- t~oetliet. thr:oug_n ilodel:/:da.b canpart ­
.s.oil. :~~ m:od~l v~ll~tfoii,. 

SU>.fAAit( 

-Hutti: pr.%jr-e~s l\as =be.l?ll (IIJdl! 1'n ·o.u:r _Lttt~. 
if)it:$(~J)~Jl'i9 qr dens~ •.g~s. 'df}pe.rs:.fon, . ~n,d ml;(c!i 
-f~r'QVE!i.D"~t lias o~curr:ed ~!! our ~Qi Hty :t9 
pr.edfcf 'U~· t().11:S~quen.te~ of a9~faenta,l ·rJec­
leils:es.. Ev.el) JS w~ SftHi ~o·nfid.en.ce Jn 011r 
at,iHHe$ t.o pr.edlct . the otitccne of s i111p1 e 
r;ele-ases of ·sillll)le sul)S:tanc:es-. real world 
denar:id~ ou.tftl-1 p :t•h·ese ab·H1 t1es. 

Thh ~per has bri-e.fly oisc~~sed the 
caus.es of deit~- g~s behavt <>r- intlu~:1:ng i ar,~e 
$hie ldw t~p~r~~~t-► fl ~jliJ~ t~Q-spliiU~ 
f.foi;.' ·chei!tlttl ~acUons. e.'iai1.9r.a:Uv.e -coo)· 
fng;,' :and· M~h 11io'l~~1ar .. wti~~t ,r¢teas~~. 
11any _of ·i11.ese. c;a:µses are bfi!.?-! nmn~.:J9 _.~pP.flar 
ln tlieor-eHca~ m0dels :of d'en.s:e- :ga_s :i:U sper~ 
s1on,. 1-t i;,_hl be riecess.:ar.y to ¢;cfitt1nue t~ls 
pro9~s.s . f f mod:el s are to be reJ :tably. usl!d. for 
pre~1c-t10'ns. 
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in 19."96 ·the Atmospheric Rel~e Advis<lcy 
Capability (AlMC} at l.4lwrence :Livetn:iQre ·N!!ti<>nal 
Laboratory -(LLNL) comp1eted a,n effort to expaad jts: 
national emergency resp-onse modeling -system fur 
chemical releases. Key componei:j_ts -of ·new capabillcy 
iuclude the integration of: 

• An extensiv.e i;-:h~cal pro_per.ty·dat.abase 
• Source m(ldeling.for ~ and-evaporating p.ools-. 
~- D..enset~-m~~air- dispersion • • 
•- P~bitc ex_p.Qslll'.e gµW~li11.~s-
• J\n· in~aeti:ve-gni.phi¢iil. i,is~t ~ptei:f.at.~ (Gtn). 

Recent·use and-th~ fu~ of the {tew capab~lit-y ~e also 
disCQSS¢. • 

I. INTRODUCTION 

As a c~tr~ us· .Dep$1.mtn.f Pt En~tgy· (D.QE) 
res.0urce, ARACs'p$.nary roi~ is· to -~~n:q :w· illOid.~~ts 
in,vol:ving I_lliclear -m.atedal, Hl:)WiWer,. ODe'-iiiir.4 of 
ARAC's.rn.ore@n•80respous~ ~rtd·~~ ~ tl.l~pa_st 20 
years -have invoT:ved· using .limited toiil~ to r~poi_id to 
chemical -rete~~- For ex~pi~-in July r:g93, wh~n st.ate 
3t1glQCal.ai~ncies asked J\RAC·to estim)\e the- ~~nt of 
s1,11furic ~q~m.ist .cloud:.d1.1~-fo, it- -1,25.8.,kg _(8,-iq~) tjle(!m 

raiIC4t rel~ iir • 'Ric~oild. Q$(9mi~ :we. ~1i.ed on 
simp.le conserv~ti;ve-col!"&tant s"Qurce rat~ estimi/,t~- 1 Also,. 
-w_e-®Pllil.yed. air ¢t)ncel)u-ation~ rather ,th,~ P.1:lblic ·h~llitb. 
effect~•-guidetines-·on-our plats; 

Our .primacy goal was to iinple.m.ettt a gthi:;~ ,sc~ 
of:toq1s for a-wj9¢ vari~W ~f.comm;on ·;nqastrial ch~micals 
'811d ·release m~han.is_ins 1;9i\hi:n ·QUI' ~zj_~ti!'ls 3;p 
d~~Sll:Ostic modtling s_y:s~m? A;rt emeigen.¢y -uiailag~ 
.:rated with i®nediate: d~isions ;n~gardU!g public health- and 
safecy-teqµites timely and credible model products. 

¢om:i:ce S. Fo.ster 
Lawr.ence-Li'vefu:lo¢· 
N~tic;,_ilal:L:a~; L-l03. 
P- (), Bo.i ·8Q:8' 
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efoster@llnl.gQ.v 
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)fation~l'Lab, :L.-56t 
.r. o, m~* ·sos 
Livenno(e, CA 
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1,jmeliness.'demandsi bi~y.automaled:·t:om_pute,t- tool$ 
w.j'lh:,r,e.a~ly ~v.aj];able.,4ef.avl~,~~'-tnrough .an easy-t0-
use GUI. Our- _g~a\-is. to.. d.~liver a. set o-f :iJJiijal piots in 
less. than 15. nu:mnes· to an ARAC,.supp-0.rted site foF 
-predeti:rinin~ dera1,ilt SCQnarios. Cr,-edibili ty requires 
·qlain:taining a balance in the accuracy of the three 
priJii;.iplei model compi>nents-sourc.e modeling, disper:;ion 
n:iod~_li:ttg, and eltpQswe l.imits. Evaluatii:ms of the ARAC 
mooc;ls ~ve ·&hewn, tniit 3f;Clll'~Y of a f;iciot of two is 
acbie.vabkl .a'owev~r; ~epetidipg on (be qµ11}ify o( the 
a:~iderit inf:otm~tion, s"ourte nt0de1int, may not s\jstain 
ifiis a¢µr:a..¢y.. Si.:$Qific.~t unce~n~es !ilso e.x-ist in. 
settingfi~th-based ~~te e~po~we·liJJ1its. • 

·Fe5E tb_is -first i~plementatipn we deeided. to: 

• Treat-only si~g1e componentehemicals 
repre$enting_.~tabte.,pr.od.uqs .of c.cmtI?l~'® re.a~t.i9ns 

-. linplem.en~ a flexil:!le :source mo4Wixg. t9ol 
• Tr.eatposiµ~ely, neu.a-atly,.aiid n.egatlveiy btloyant 

reli:l:ls¢ ~ec~~i1.1$ 

~ Ptov"ide d,e.falilts for ¢m~Qn pr.oc~, stprag~,. ~nd 
·tt:,msp.o~◊n 1,0~ 

• )kable to. model ttu)l'tjpl¢ simtiltane.◊us. releases 
cqnsisting-.qf either m,ultj'ple chemicals or .m\lltiple 
accident-10eati0ns • 

-• D.eliv.er-"the initial plots in-an-easy-to-understand 
(otmat witQ .l:iealth-eff.ect_gu,idelines. 

"Ill. COMPONENTS OF cnEMICAL MOi)EL1NG 

liig~re l ijl:µstiiites the ot>ll}p0)lc:nts of th.e ourre:nt 
J\AAC-Il-:,!'nede.llngsystem we mo_ilifted to-sim,ulate toxic 
chettiibat ref~- ·We relied c,ir -some publiit:sdorn:ain 
·softw.ate'-to.,accelerate·implem:ertt.ation. Whlles.everal toxic 
-chen'iical modeling .systems ha.v~ matured o.ver .the last 
:d~~.+ the National -Oceanograpbi:C and Atmospheric 
Adm.inist;ati:on (NQ:AA)" Mal Lob'ati'on& of Haulrtious 
A:fi:il9splieres(:AL.Offi\)t1t◊.tiei~was one of the few r~cfiiy 
availabl"e:p:ublie-do~~n. cod~s. 



A, ¢Jie~ical ftQp.t,td.~~ 

We. used :Qi~ .tl;n\eriC1µ1 Jnstjit)lt~ of :¢.h~nu-cl,l\ 
Engii'l~ts (-~Ci\11}~ignlns.titute., :f'-o.t P!'Y:S\~ l?,r9.p.¢ny 
'l:).;1ta;(DXPP.&}.cl1emii;:~l ,gr~pmy data~f fqr: injirts ,jtlto 
the S9Ur¢e:m~d~Hng. ALOHA Version 5.2 :coiit!ins a -list 
of:906 i:ndusttfal: chemicals th:at could =be released. Rr the 
atrnos!ihel'.~; 477 of ~icfi i® incluit~ =iv -~~ ~t 
D.~n Ve.!$ioil: l() -42~~ ◊t' i~8 .cliemiGals, 
Ro®en~~ly =n1psto£ tlie com¢.~n ·in,<Jusm:at.:.c~cals.=~ , 
in~loo.ed= jn. ,the inwsi:ctio.n: of lh:~ Pll>.?-R @d Al.;Q~ 
¢Wi;b.ases. W:e .also ~ prQWfi~ f.ofini'iQY ilti!l""P.l:?-P:R 
ph~q1~cirls. Wff- built :a Gill ·to ac«ss..~ -1~ sm~e-:v.~µe 
consfanJ.S aoo la .tempera'~~n(fent ,funcdQPS· (qr 
DIJ>,PR c.llemica!s an(f inctµAA4 -the ability to c;i!sHy ~ · 
ne.wqbelliit:$. 

.B.. Ch~kal Rel~~~ l\1-ec~iti~m.s 

W:e ,develop¢ sofiwa~ .. to. calculate:· SQUI'.c.e. ·1~ and: 
g_eomem.es for tw:o-.ne.w .chemi:e..i{}. w~: LY;pe:s+-~k~: ~ 
.pools. For tlJ:ese $0~. models, we consulted ALOff.A~ 
developers and ~~P~- .i1Je,1r CQde to $'e. ~C 
Quel!ii:911Qaire ·QUI ~ir1g x~Wincfow.~ Motif . designs; 
SingJe-pbas~(g~ orJiquicl}.or•tYJ.o-:pha~e.:;(gas· ~ '-~~ol) 
re1~ ra~~s from Wtl<s cortta;ni:nt :g;1s., Jigµi'd, ◊r. 
p~uf(zed or refrigerated liquefi~ i~s ··are a~~ 
using the. :Fauske-Epstein hoxnogenee.us- :¢llwltbdum. 
model .Bvapora.tion from an in~t.ant;meopsly.~f◊f!l1t4 
co,nsrant,radii!S pdqL is- model~ ·w.itli ,a,:i ~¢rgy. ·lialarree­
n:J.e.thod w.itb • atlliQ$,pl)eric 3J!d gtoimd c;.011ditfon iUP.IJ~­
While ALOHAhaS· a one7hout ScitUte dtuafi<5n-li:l'flit M'.ilb 
fi:ve,equalsQlifce ~ate in~als, we-'aJlow¢:e useno $¢1¢t 
the time *P=fof ~ -tim,e,.v-acyitrg;,~le.ase tate.:calculalien 
:atrd,aiiowa:r.eJCMe ro rast~p JQ,-24-Jl.Qu:rs. 

Also, we aiready 'had three other -sttutce ;fyj>eS without 
sowce ~te trak\'!ll}tions. Fot these we =specify the: source 
rate :directly or estimate it as. a, {$;ti:On. bf $e -availabf~ 
inv~ptQry. Pot $.h. of these $OQ'fces., we. Jlrovii:1¢ time; 
~n¢nt soul(;:~ g~m~\ries in Q:ur l.agtangian. ,particle 
model. :For stack or direct :rei~. tht ~:r ~ifa~s, 
:p~etets to calcuTu,te. di¢: lim.~~d¢.~t. P.h~mi ,rrsc :if 
th~ ~~ur¢.e i$ b\i-oyant. J?Qr b\lijdii:\g or fl!-!;l -P.i'~ -~e 
estimate ,the. h~t.,e.mJ$ion $.,d e.inpl9y .m®tie4' B~~s 
-pluttie ~e equati~ns.. For products ·f!W:l;!btt<j: -ii! 
·e~plOl>i\:>nS, we use ei¢er a the tune-d~de_nt:. ;int:egfaI 
plume. rise elliplQ~j:v.e c}oud metho:d or a fi.Xed -~~l).jljzed 
cIQud soµrce geom.eq:y.7 • 

c: l)ens·er-than.--Aii;-1).isp:ers,io'n 

'lw ·SL.~R-o't~el developed ,ancl tY~ by ~~ 
was, a. natunil:-.ohofoe fot us.fo qUi¢~y 'i,mpJ~inent ~ ~, 
tlU!n-alr di$p.e(s.iPn ~ability.. We :l'llQdffied SLAln 

ste.ady;,s,W. tnputs. t◊ i.Q@J.l)9~.te time.-i'aty4i8. 
trieteoro.l • and soutc.e tares: Time:.v.~· wind·. s-A .. . . • .~ . . ., .. . . . . . . .. ~ .. . . . ~ 
•aIJ.q di1'e.c'ti.9.~, at m~ s¢JJ.(c¢.· lQ~ii:uQ1l' -~ e:x.~ 1mm 
AA.A-C's -~iH:ons_f~leAt ·wm~ :fieid ·mo~}.,. MAil'HBW. 
t.4 :Slim:!l~t*· :~ro.¢,¥MY-iqg. ·~oiii:j;(; wndHi~m&, .the sourGe 
r4te; is: p.ti:ip:onioned itiJo .so.:v«:af .stc.ad~-state SLAB model 
m!is:, '\Vftll~-~rr~ij it)fli,tenc;¢ the MATHEW win!i field, 
tetru.nis-iiottJ;e.a(ed,fu,StAB' s oi~persron. 

R Exll\lS.lite .Qu.1tldines and Default Plots 

We di$play -s~mpfo hi;aJ.th-,eff¢ct wQroipg for the 
C.l#!'~i{n~t Qf73:t\ro~n~~.md.~im flyg_fene. /4;s~QCiafJ.on 
(~)- E~rg¢1:lcy RespoMe Piannio:g ·Gwdelines­
~P,Gs) Md the "Ji7 DOE Su:l5¢-timtt1i1tee oi1 
Q!JJ$~®.ee M$~strreM ii.!!d Prote¢tive A'Ction)! 
(S:CAPA} Temi)Qracy Emergency exposure Limits 
~p I.l.l .~tiQrr tQ ~howjng the tfu-ee ERi>Os or 
fef,tts,· W¢: fteqileii4Y s,ijow .a foalift. c◊lltti~r for 10% Qf 
:ih:e ERl?.(M oi:ttmt-1. While. bei0.w any neal)h effect, 
-tliis:foutlb :eCW:too:r· i.s, irK;l11<fed to censetvativety represent 
a ·p:o~nt.i.ilf. :Qi®_IfQJ'-matmf®i} ui,-¢.~Mjlty :in: tn~ covei:a;U 
caicu!cillio~. 

We ge.nerate tw6 types of default plofs-otie· set .of 
ho.lirly~av.erage air· c.on~nttatiens and a se¢or.id ptot 
,represen'ting:°·the composite short-term (5•minute) average 
air con:Ceiitt~oll for the eMire model run. Figure 2 
iliu~~s ap ex1Imple of the iatter plot type displayed 
using· US Census TIGER street-level g~graphy. 

IV, OPtRATt()N,i\l., Q.$t 

J~ 1'9~~ ~c~supp9.rte(I' (~¢iiiti:es .aroul)d .the: 
CO.\ltllfy t,e:gan.exerdsfog. the ihemi~t.:r&iiQi,:i;~,.capap~lity.. 
,~¢11-faeju,ty M:s. •!$· ARAC Site- Workstarlon s1stem10 

w.ith aµJ~ate.d ' T.o.i:a}ly-Aiito~ted Hands-Off Exercise 
(tAHOE}softw~e. U:i;e(S·simpiy-enterthe time, location, 
a:n4. re1~ai;etyp,e in tl,l.e Questionnaire. "rypi~aUy a site· will 
r~i'Yc~-t~c.,4.efault ~ ofpJQts in-tess·diari 10-minuie.s. 

1n 199.5•96, :we: :also .cona®ted s¢ve™ iiJ-b04se 

·::i:.:P.~it!.!::.~':.:e.::s:.:.:~:~rtf:!u:tlo; 
ftom=the ~ws. We inJ¢.tp0.iate<t me.teo.mfogica.t conditions 
lp-,JJgg~l~. ¥Jlll.$.i:i~ ~d¢.stimatoo. the ril(\liSe r~te from. 
a·.p.ittQ_gentettoxidetatikC:aro\ier a20~h.ou_r,:period. 

In, ~4.ition in 199.6, we responded to several requests 
to.simut~te ~ctual chemical i_nci9ents including: 

• A train <lc;i:aihJJ,eat near Cajon-:Pass; California 
• A 1nercap~¼ili: spm i~_N<:>w~~. California-

• ~:;:~~1:4:~i11:.:M~;!6-~reriUt 
·• A,i;ef}nery fite:·itrWlli:ningt-on·, ·Caf iro.rrtii~ 
• A.=nitri~,iiC.id spilf at idahoNatl. Engineering Lab 



\Wiile .:the va.-;t i:najo.t:i:cy <>f -ch~Jhl~ ~l~es l::a.n' 
readily b.~ -~imwat¢4 u~ing d~J('.tqp· .Qap-s~~b~¢. 
s~~t~i:@. a ~el)tt~iu.d mQ.delmg system bas- ce$m: 
ailva:rt:"8&'.e§, one :of the- most Jm{5ottan.r- :qf Wfil.i;l:i: ls 
ce.riira1ize4 ewertise: Aliro, -ARAC(s -~ co Wbrld\\fde 
m;eteorolpgic.ill data JJiakes the system w~u $\U~ ·io­
i:espon.<I t9 i:rao:&porlarfon o:t 1>:ther act~deJtts wh.¢1:'e '~o :Qit• 
site·m.ete◊rol?~qil .~t:a.:-~~st. 

hi a.dditiPn, a :Lagr:an:gfan p~cle m_<Xlijl ~ :i:iY, '.Jje 
usefu} •io cbemt¢al®Ci~l)~Jn.,v.-0lv.tf)g; 

• CQJl,lpfep teH~i~ :$¢.tij~g~ 
• Comi:ii:cx.. met¢oteifogical :eon4iti9"~s: 
-~ Ll!l'ge or exten!1i~<fo r:tiid:¢.l$ . 
• Multlp1e sumtt~JJ.¢"~ l)iµaraou;s:,mat~tiilJ $plU$, 

such-,~-mosetalJ~dby·-eafthqlJajc~1-1 

• · Def.aile4 ·n~in impact$ ofoomplex-r-ei¢8S.e 
me~nism~·-o:r dfs_pel'sion in.:eJcy s.tre.et canyo.as 

·• Co.~piex ·posHiccidenc analy$es-. 

V. F.trtt)ll$ DtVEj;,O.P.MiRNTS 

In 1997.:.:J998; me ARAC ~eniice \1;iill -~xpand 19" US 
ewergenc.y opl}:ratjonal centers. tlut:,µg_hout tlw QO\lti!ey: :<m 
the DO.EJm~ergenQy Commu_nic.atioiN:e.WrQt.k (E.Ql'f➔:11 

l.n-ad~idO:ii, potential fu.ture developments'-iiJ.i'ilMe: 

• ¢hemic.al:mix(u.tes 
• CQ!ji.~.liP.H= c.h¢mi shy 
. • ~<::iloiis_:\fllQ· i;t!*:·cM_nge§' .iii-.tfie i(IZ'ii~p.b.c.re 
• Peal air c.qnc.enttaJions • 
~ Integtaii,on of a:t?,eW d~~er-Ui!lP-"~ Lagi:angian 

-partjcl¢ i:noq¢l,ovi::i' qo~tinuous· tertam w.iUi a 
,prognostic cap~bijity/3 

Thailk,s to :KicAAfd K. ¥'llinc;~c.bi, ··vt~ll;Y. M, W~~¢~(!lj, a1ld. 
lf P.)1 Wid.k~r of tm .J\JV;C SQ~~ .4ev.el~pment ie~!ll- -Our 
i~~lemert:fatjon w.ould :n6t ha'.\'¢ ~JI: _pos$.il\le -witfioilt ·the 
ittiaruable consultation OD the ALOHA, mQ<J~ frt>m: Jetty 
Muillasl.y of N'OM. TJiis work w.J~ ~rf<!~ ,im4e( Jtte, 
.~spices of • 't~¢ P¢_p~r(m~m- Qf ~,:,:~ ~y the .¼wt~ 
U~e.r.more ~a:tiona,l 4boc~t9°cy. ll!llier=¢.omc«~J N.o. w..,7:40;-,. 
=Eq'g-48 an<l' wai; (mdi:d by -~$ Offi~~ _o_f ~~~¢it¢j 

t;f'.aJiagl}m~nt. 

RE-J!',£.Rl;IjilCES· 

t :RL. ·Bask~tt. PJ .. V~gt. w:W, Schalk,.Ul, C:S. ~oste.r:, ?Jl.\l 
J;S. Ellis, "Tl)e Chii:i{enge c,f. c;lili:#g~li~Y-res))OJ\se d!-sper· 
iion jnodels oii: the m~$<>•giµTIW,: t.trban s~le., A. c_µe s.Wo,Y 
of -the July :26, 199-3 o1eum t~.n:k: car spil1; fo, ijiiinm:ond. 
-Cal_if .. :• Proc. ANS 5th ToP.icat M'.ett,. on J:;merg. lteptt.t:e(!. 

~-,R#"PQ~-.r.~:. ;\pPl= l8°i1,. }§1.?,S~. ~v,~a:h,. Q":A, p. 2l8-
~l '( i99$J:s~ • 

~; T,S., .Si!Uiv_~n. et. al.,. 'fAtmosph~'1~ Rel"~e: Mvisi>ry 
~pabii1ty.: Rtiil,thne· m~d¢Jfog Q.f a:mx~ro* hi¢i.td£!~~ 
"1\J#:C:qills";'' ,Blili. A"~r.. Ml~_tJ.t. -,Sac. 74~ ~34-3~!lJ61-, 
.(1~~); 

3-. KT: :I?Q~ .and M.H. :Dicke-rson, ''.An· u_pdate4 sili)u'llacy of 
M'ATHBWI.AO.l'IG" model evali.italion :Slud.ies," UCRL-JC 
104.)~4, LiNL , LIY~Qr¢; CA {19.90); 

4. =$' .. Brereton; D. Hesse, D. Kalinfoh, M. ~o. V. Mubayi, 
J. Shinn·, '!P.relimioacy {eS.ults ·pf .the Af>AC Sp"ills 
WO:~!dQg- Gro.l)p," F_rqq. -~N$-6.,!t Topical /,feet, .011 (tmetg. 
P.tepa,;_etl . .{. Respprzst:, April 22,;23, 19.~7:~ $an 
Frands¢o1l< ,(J ?:/J1}; 

5, ,US; ·Dept. ·9.f -¢9.m,net!;<;, Jf/:;QffA (Areal /Ja:caYiom 'Of 

H.C!?.4rd~ .. ,ft~~p.'ly;r~~) S:O 'I'/t#'Qi:e~_al p~-;ctipf.fo_n, 
NOAA Tech. Memo. NOS .CR¢;,\ 6.5:. N~tJ Oceanic; ~c_l 
.Atritof Admin., Nall. Qcean Service, Seatt[e;-WA (J992). 

-6. T!B. ,J,:S-aµbertand R.P .. Danner. DJP.PRj)-qraC,;,npi/Q.fiiJit of 
l'i@ QimPQim/ Pr:ope-nies. V.ers.iQn f.(),. US D~pt. of 
:C;Q)'irriier~e •. Natl.. Inst: .t;f StaMards- & TecbnQlogy. 
=(,ai_the~b.wg.,. MD {);9.9.j) .. 

7. R..L . . 13a:~_tc:e~l.J)S. Nas·~tr~ll_l, ~i)q~J,?. f.l'e.is, ·«a_v~luation q( 
t~ :ili.«i!o~imett~-'~¢l~tP,iWisocy :Cai$bilify t;mergency 
re,sp1>nse l11Gqtif. i'ot-~Xcpi~si:¥.~ ;$Oil¢~," fTl)t:;- 20.fh fmt. 
N~TO"J{:C.MS Intl. T,edt,. M,ee.r. on Aft iMi M.od~~(~,g & 
its Appl, Valencia, S\>ain, No;th, Atlantic 'treaty ·Or.g., 
Bruxeiles-. Nethetlai'lgs '.(-1993) .. 

8. D.-L. Bnnak, SLA·B. Ufer's -G.1ddi:; .An atmospheric 
ilisp.trsip.it, n,pt)eJ Jr.>r de.,:iser.~than-air. rekases. Natl. Tech . 
irtf-0. Setvice DE.91-00~44~. s·pringfl.eld, VA (J99.0). 

9. D.K. Craig, J.S. -Davis-, D& H:ins~n. ~-.J., P-etrocdii, 't.:J .. 
F:oweif;. •~~' i,[e. pf:pu\Uishelf at\lte tol'ii:c.iitdata" to derive 
~t:!Jpo~ e~\:(geiJ,~y e,posiite l@i4'/' Pt<Ji;, MiS :6_ih. 
To_p.ipaJ'M.ee_t, ~n Em.~_r,g. Prepat~d. & :Resp.q@e.-A.Pril 22~­
~;. 1~9T, Sl!ll Ftll®isco f)'997):"' 

10. R,0. Abriam and -R:M. Moore, "ARAC',s. Site Workstation 
final desJgn :antr :d(;ptqym~nt;'' .Prat; A/'I.S 5tli T--opipat 
M.e_e1. Qn Bin.erg. i!i:"e~;eq.· ~ Re,pqns.e, April l8-2l, 
1995i .s'a.vai1'11¥.1, GA, f.· 2n-i@: 1l99~)¥• 

1-l. M:t. t'.iiidell 1µ1_4~:W. Percy, ~'ldent:ifylng° ~1Dli11agi11g 
·ooJoint ti\t@tii: Bi1tili:@~¢-'kdu@Q. fiaz;u~foirs ·maietiiil:il 
-r¥ase:stir,.l.li~-:tl$:~"J, H-"'¢:a,4. M.~r.-so.:.~i4.:HQ9.i,l), 

1.Z; R,A. ·tam):iert, ·''1ii·e ·i>e:~ei'li of Eirer-gy'.s" ·Emergenc.y 
=comm!lnic~tio)) Nt~otk/' ·hoc. A,NS,6iit Topi-cal Meet: 
oii -&Mt.g. P..,:epar~ii. & :ftespo.llSe., April 22:,.25, 199!7. San 
Fr.ancfrs~o {1997):* 

~3; R.L. Lee, 1.R. Albritton, S. Clum, J.M. Leone, J.S. 
.N~qin, an~ G. S11giyarila,!'ARAC-11I, A new. generation 
emergepcy re,spoli$C modeling system," Pro.c. ANS 6th 
'fopic<i! Meet. on Emerg; P.r.~pt,1red-. & Re~po11se; Aptj1 2~· 
~. • 19.~7, S~. Ftai;fC'is:c·9. ~~9.:7);* 

•Amet:-N:~!;l; Sq_c;.,.~Gl'iqlg~-p~~.:J;L 



m . . 
IJl.f« ... ~Ol!I!~~ 

)6.~~' QfP.Pfl 
.oh.niical • 

·, pri>p~ . 
:&~-Uft 
'•ci.i~,, 

Ti • h 
.J.~9:: y 

:AifliERP.G• 
&-~Els 

Eip,oewe 
daloba>e 

figure 1, Cliitnges .to tlie ARAC nwde{ipg.:system for chemicaJ,:respe;;p.ses-. 

M~x. 5~min Cone ov~r 20 .. hr period • ARAC -Sjmt1latron ofBog~usa.,:LA 
------...-----,---r----,.......a;....---,-,'-....-,,--- - - -:r--',=:,= 0 

~~~;fs:QO:UfC I' 

, .. , 

,,., 

• :S- ... - , 

: ~~li.~tHfit:~s.:oo~tf'._ 
• ··lttlMSi.t·· 

~:,,,;;,;..,;;::.,...;,;;;::;.;:.;'·,;:~·sn·1,... ·-. --'---

. ~:l):!'l(rnN,.UJI~. 

,t:ouisiiJna 
tro~.e:'13.lt~t. 
l'st case 16;500'¢ retease: 

. m!li, ·25~ over next' 10.tv 
% in next 3 ·h,. 
op~ sorey, no rain. ___ --' 

30.00. " iii El-3; •• •• Pll 

:tor=lblohcwil\h 
ii .P t ~ooppm 

ea .. 2~ . 

~o tiae:h~~!tt~ 
.. \:!: ,_,, 2.00.pP!n-
• ,te11eci~ health effects. 
~ :pd$sible. 

Figure .2. Example -AR.AC plot fo.r -the Octob~r .24, '1995 nitrogen tetroxide release in Bogalusa, Louisiana. 



Techtiic-atlttitn·wuuion Department• Lawrence Liv.ermore Nati.ona1 l.abotatozy 
University of C<l}ifornia • Li,veanot~. California 94551 



l 

RISC - Free ORI Software Programs http://wv-:w.riscinc,com/programs.html 

I of2 

RISC 
J L J . . .1 L. .. . . I I 11 

FREE GRI SOFTWARE PROGRAMS 

Several computer programs relating to LNG safety have been developed under the sponsorship of Gas 
Research Institute (GRJ). Three of these programs, LNGFIRE3, SOURCE5 and DEGADIS 2.1 were 
cited in NFPA's 1996 standard on LNG Safety (59A). GRJ 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 year 
is also available by completing and returning the E-mail page from this web site. or by fax at (847) 
390-7625. 

To download, LNGFIRE3, SOURCE5 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 LNGFIRE3, 
SOURCES, OR DEGADIS from the self-extracting compressed files LNGINST.EXE, SRCINST.EXE 
or DEGINST.EXE that you 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 pool fires at up to ten user-specified distances, and the 
exclusion zones to the four flux levels specified by the federal standard 49 CPR 193.2057. This program 
supersedes the program LNGFIRE originally included in the report entitled LNGFIRE: A Thermal 
Radiation Model/or 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 
LNGFIRE2: 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," GRJ Report No. 92/0534. SOURCES allows the user 
to develop 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 KB in size, may be downloaded by clicking on the DOWNLOAD SOURCE REPORT 
button. 

DEG AD IS 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 gas (or aerosol) clouds released with zero (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 aerosol jets 
with positive, neutral, or negative buoyancy. For negatively buoyant jets, if the jet/plume returns 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 
Report No. GRI 89/0242,(1990) also available from NTIS #PB91-509711 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. 

~~ 
!MWNLOAD LNGFIRE3 - ,_I _ D_O_~_'L_O_i,4_D_L_N_G_F_I_RE_RE_ P_O_R_T_, 

_[ ___ ~------G_RA_. __ M_ AN_ D_ MANU ____ AL____ . (GRI Report No._ 8~/01 ?6} 

DOWNLOAD SOURCES 
PROGRAM AND MANUAL 

DOWNLOAD DEGADIS 2.1 
PROGRAM AND MANUAL r 

I 

DOWNLOAD SOURCE REPORT 
(GRI Report No. 92/0534) 

DOWNLOAD DEGADJS REPORT 
(GRI Report No. 89/0242, 1990) 

~turn to home page.f 

!For informatio~ ~bout_ other_ commerc!al _IqS_C/G~ pr~ams I 
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FEM3A 

I I ndustrial 
Partnerships & 
Commercialization 

The FEM3A modeling code accurately predicts the dispersion of heavier-than~air 
clouds from hazardous spills 

Applications 
,··-·-- .. - --;;----- ------------------------

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 occur. 

FEM3A can handle complex situations with greater accuracy 

FEM3A talces into account terrain and obstructions, extremely important factors in predicting cloud 
movement. Because the code is fully three-dimensional, 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 liquified 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 ofFEM3A 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 see.king an organization interested in collaborating on further improvements to 
FEM3A. The Technology Transfer Office will work with interested companies to tailor agreements that 
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meet their needs. 

Contact: 

Diana "Cookie" West 
Tel. No.: (510) 422-6416 
Mail Code: L-795 

Applications 

• predict movement of heavier-than-air gaseous clouds from hazardous spills 
• assess potential hazards at chemical processing and storage sites 
• evaluate mitigation techniques for accidental releases 
• perform site assessment studies for facilities using hazardous chemicals 

Back to the top of this page 

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 
to: 

Indus t rial Partnerships and 
Commerci a l ization, L-795 

Lawrence Livermore National 
7000 East Avenue ..... 
Livermore, CA 94550 

Tel. No.: (5 10) 423-5660 
Fax No.: ( 510 ) 423-8988. 
email: IPandC@llnl.gov 

Laboratory . 

. (IP&C Home Page) 

. (LLNL Home Page) 

. (Di r ections to LLNL) 

. (LLNL Directory - Forms) 

. (LLNL Directory - w/o Forms) 

. (Information Request Form) 

If you have questions about the layout, format, or content of this page, contact 
milner l@llnl.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 destroyed 
and the site presented 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 report1 and other 
publications2, and ifwe still remember them. 

About half the people who now work in the chemical industry were at school or university 
when the explosion occurred. They did not experience the shock, the public reaction and the 
soul-searching that 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 
cyclohexane, a hydrocarbon similar to petrol in its physical properties, with air in a series of 
reactors. One 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 
time 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 experience 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 onJy drawing was a full-size sketch in chalk on the workshop floor; the only 
support was scaffolding on which the pipe rested. 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 to 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 set up formal procedures for the control of modifications but nevertheless many 
incidents still occur because there is no procedure, or it is not followed or it is followed in a 
perfunctory way3•4. 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 modi:fications5. 

3/8/98 10:29 PM 
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BREEZETMHAZ 

BREEZE HAZ models analyze emissions from accidental liquid, gaseous, 
and dense 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 ofEPA'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 puffi'plume dispersion model predicts 
concentrations from continuous and instantaneous, liquid and gas, surface 
and elevated releases of toxic chemicals from point or area sources. 

DEGADIS+ - This chemical-specific model predicts dispersion from 
instantaneous, steady-state, and transient releases of LNG, LPG, ammonia, 
chlorine, hydrogen fluoride and other dense gases. 

INPUFF - This EPA multiple puff model analyzes non-continuous toxic gas 
releases occurring 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 burning 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 seamlessly 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 software 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 
Liquid Vapor Explosions (BLEVEs) from cylindrical and spherical vessels. 

3/8/98 10:37 PM 
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Estimating Emission Rates from Haz Mat 
Releases 

Here's a few ways to quickly estimate the emission rates and ambient 

by Ajay Kumar 

Under Section 112(r) of the Clean Air Act Amendments of 1990, the 
U.S. 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 accidental release of 

hazardous liquids 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 
hazardous materials. Once the accidental release has occurred, 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 liquid from a tank onto the ground-­
For spills of liquids which do not boil at ambient temperature, the 

liquid evaporation rate can be calculated using the following formula: 

Q = 5.10 x 10-6 U0.78 PvMw0.67 Ap0.94 (1) 

Case two 

Accidental release of J,iglily volatile liquid from a tank onto the ground 
-- Evaporation rate from a small accidental release of highly volatile 
liquids 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 

liquid release rate. Liquid release rate from a tank can be estimated 
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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 low a 
316 Jessup Hall 
Iowa City, IA 52242 
319/335-0153 
319/335-2725 (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. Tiris 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, Iowa. We obtained the 
locations of the 50 intersections that had experienced the highest frequency of truck accidents from 1990 
to 1992. At each of these locations we generated a plume footprint 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 
generated 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 U.S. highways, 
railroads, waterways, and air routes (Office of Technological Assessment, 1986). As a result of increased 
public awareness about the dangers involved in transporting these hazardous materials, regulatory 
policies and legislation are 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 radioactive 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. 
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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 

r-----•----------•----- --------

Abstract 

Recent developments in the sophistication of GIS application programming interfaces (API) 
combined with advances in the science of atmospheric dispersion modeling, communications, 
and computer hardware have provided the platform for development of an atmospheric 
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 Computer Assisted Protective Action Recommendations 
System (CAPARS) reflects the latest in integration between GIS, inter-application 
communication, and atmospheric dispersion modeling. 

The Terrain Responsive Atmospheric Code (TRAC) model provides plume and health 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 environments: emergency response at the U.S. Department 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. The Regional 
Atmospheric Response Center is introduced. An upgraded atmospheric modeling system used 
at the Center, 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 case. In fact, this is inefficient, 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-Know 
218 D Street, SE 
Washington, DC 20003 
Phone : (202) 544-9586 
Fax: (202) 546-2461 
E-mail: orum@rtk.net 
Paul Orum, Editor 

Changes Modify Right-to-Know 

The U. S. Environmental Protection Agency (EPA) has completed two 
major changes to t he Toxics Release Inventory (TRI ) , our right ­
to-know law for toxic chemical waste from industrial facil ities. 

First, after years of advocacy by publ ic interest groups, EPA has 
added 286 substances to the list of right-to-know chemicals, 
bringing the total TRI list to 654.1 These additions are a major 
expansion, one of several steps supported by EPA Administrat or 
Carol Browner. 

Second, EPA reduced report i ng requirements for facilities that 
produce less than 500 pounds of a TRI waste.2 Industry groups 
had pushed hard for a special exemption for "small" TRI releases 
(up to 5,000 pounds 1) . However, after receiving widespread 
objections from publ ic interest groups, EPA adopted an approach 
that keeps most information in the right-t o-know data base and 
avoi ds creating a new "recycling" loophole . 

More chemical s 
Last January, EPA proposed to add over 300 chemicals to TRI, 
including many pesticides, after reviewing substances regulated 
as toxic under other environment al laws and programs. The 
agency ' s final rule, announced November 30 , added 286 chemicals 
to TRI, but deferred action on about 40 others . EPA indicated 
that its next act i on to expand the TRI list would address both 
these remaining chemicals and persistent bioaccumulative 
substances, such as d i oxin, that fall below current reporting 
thresholds . 

Li sting 286 chemicals partially compl etes EPA's "phase I " 
expansion of the TRI program. The agency continues work on two 
additional TRI expansion efforts : "phase II " will add many 
currently exempt non-manufacturing industries to the program (a 
proposal is expected during 1995) , and "phase III" will explore 
ways to require reporting on chemical use and worker exposure. 

Alternate threshold 
Facilities that generate less than 500 pounds of waste {prior to 
recycling, treatment, or disposal) will no longer file full TRI 
reports under a new alternate threshold.* 500 pounds is roughly 
equivalent to a 55 gallon drum of toxic waste. Companies that 
use the alternate threshold won ' t have to tell where these wastes 
go. Instead these companies will file a simpl e annual 
certification {entered into the TRI database), and keep records 
documenting the exemption . 

The alternate certification affects about 20,000 reports (from 
some 10,000 facilities ) out of over 80 ,000 total reports fi l ed . 

http://rtk.net/E9722T 128 
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Effective modeling for 
RMP hazard assessment 
By Buzz Harris and Jennifer Baker 

A CHARM screen 
displays the path, 

size, and 
concentration of an 

airborne chlorine 
plume, ov-erlaid on a 

map showing 
population densities. 

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, facilities subject to the RMP rule must 
perform a hazard assessment, implement both a prevention program 
and an emergency response program, and prepare and submit a risk 
management (RM) plan. 

Conducting a hazard assessment will require companies to perform 
release modeling as part of their RM plan. With the impending RM 
plan, companies will want to release to the public estimates that 
represent, realistically and accurately, minimal impacts for 
worst-case scenario and alternative release scenarios. But deciding 
which model is appropriate is not a simple choice. As statistician 
George Box has stated, "All models are wrong, but some are 
useful.'' 

The predicted impact distance from each model varies with the 
chemical, release scenario, 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 "lookup tables" in the Offsite Consequences 
.Analysis Guidance document. The lookup tables have oeen prepared 
by running public domain computer models for thousands of generic 
release scenarios. Public domain computer models (such as 
CAMEO/ALOHA. ARCHIE, SLAB. etc.) can also be used, but they 
generally offer little advantage over the lookup 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 

Accid.ental 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 CAMEO/ALOHA, JET/DEGADIS and HGSYSTEM air dispersion models were used to predict 
downwind ranges to the IHDL chlorine concentration ( 10 ppm) for all scenarios. The calculation of 
plume concentrations at low release rates is frequently limited. CAMEO/ALOHA and JET/DEGADIS 
use much the same calculations and predict similar concentrations following a release. All three models, 
particularly CA'tvffiO/ 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 CAMEO/ALHOA 
and DEGADIS models is approximately 1 g/s. 

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 
CAMEO/ALOHA and JET/DEGADIS models. Further research is needed to establish the cause of these 
differences. 
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T K N E T 

Welcome to RTK NET, a network providing free access to numerous 
databases, text files, and conferences on the environment, housing, and 
sustainable development. With the information available on R TK 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 involvement in community and government 
decision-making. You can access R TK NET via the web, bbs, or telnet. 
RTK NET offers the following: 

• Databases: We provide access to government 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 you 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 you have problems accessing or searching 
the databases. 

• Trainings: RTK NET staff conduct trainings around the country at 
a variety of venues. Through our trainings, users learn how to 
access and understand the data. We encourage you to browse 
through our schedule to 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 (EPCRA), which mandated public 
access to the Toxic Release Inventory. It is operated by two nonprofit 
organizations--0:MB Watch and The Unison Institute--and funded by 
various government agencies and foundations. 

--- ---- ---- ··•·----,---

1742 Connecticut Avenue, NW; Washington, DC 20009 
Phone: 202/234-8494jFax: 202/234-8584IEmail:webmaster@rtk.net 

Revised: Jan 28 1998 

http://rtk.net/ 
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Facility : PIONEER CHLOR ALKALI 
Address: 8000 LAKE MEAD BLVD. 

City: HENDERSON 

Reporting Year: 1991 

State: NV Zip: 89015 
County : CLARK 

Phone : (702 ) 565-8781 
Owner: CLIFFORD H. BARR 

SIC(s} : 2812 
Dun & Bradstreet ff: 06-208-1500 

2819 2869 

Primary Product: CHLORINE, SODIUM 
Release : 8000 LAKE MEAD BLVD. 

Number of employees : 170 
HYDROXIDE, HYDROCHLORIC ACID 

City: HENDERSON 
County: CLARK 

Release start date: 05/06/1991 
Release end date 05/06/1991 
Chemical Name: CHLORINE 

Concent ration (%): 100% 

State: NV Zip: 89015 
Phone: (702) 565-8781 

Time: 01: 10 
Time : 07:30 

CAS Numbe r: 7782505 
Physical State : GAS 

Air: 84,000 . 00 Surface Water : 0.00 (lbs) 
0 .00 (lbs ) Land: 0.00 Treatment Facil ity: 

Total : 84,000 . 00 (lbs) 
Responders Employees Contractors Public Total 

Injuries 0 1 0 759 
Hospitalized: 0 0 0 15 
Deaths 0 0 0 0 
Evacuated 10 l 378 
Shelter- in- place : 0 0 770 

760 
15 

0 
389 
770 

Facility Cost: $2,425, 000 Public cost: $1,125,000 Total Cost: $2,425,000 

Authoriti es notified­
Name 
NV SERC 
CLARK CO . ACB 
Miscellaneous-

Date Time Contact Name 
05/06/1991 
05/06/1991 08:00 LORI ANDERSON 

ERNS ID: 913937 NRC ID: 70909 ARIF ID : 3903 
Latitude: 36:02 Longitude: 115:00 
Release caused by: A (A=Equipment Failure, B=Operator Error) 
Location of loss of containment : PIPING : ELBOW 
EPA Region : 09 ERNS Report Date : 05/06/1991 Time: 10 : 21 
When release occured-

DURING ROUTINE OPERATION 
Status of process line­

OTHER (PLEASE DESCRIBE) 
How release was discovered-

CHEMICAL SPECIFIC DETECTOR, ALARM 
Immediate activities i n response to release­

PLANT/PROCESS SHUTDOWN 
Causes(s) of release-

OTHER (PLEASE DESCRIBE) 
End effect(s) of release-

VAPOR RELEASE 
Environmental effect(s)-

VEGETATION DAMAGE 
Methods of communication with public­

DOOR- TO- DOOR NOTIFICATION 
RADIO 
TELEVISION 
TELEPHONE 

Training, procedures, and management used before this release­
PREVENTIVE MAINTENANCE/INSPECTIONS 
ACCIDENT INVESTIGATIONS 
AUDITS 
INVENTORY/CAPACITY REDUCTIONS 
EMPLOYEE SAFETY TRAINING 
STANDARD OPERATING PROCEDURES 
EMERGENCY RESPONSE TRAINING 

New training, procedures, and management used after this release­
PREVENTIVE MAINTENANCE/INSPECTIONS 
AUDI TS 
INVENTORY/CAPACITY REDUCTIONS 
EMPLOYEE SAFETY TRAI NING 

Engineering systems or controls used before this r elease­
CONTROLS FOR OPERATIONS MONITORI NG AND WARNING 
NONE 

New engineering systems or controls used after this release­
MONITORING EQUIPMENT: INSPECTION/REPAIR/REPLACEMENT/INSTALL 
EQUIPMENT: UPGRADE/REFI NE/REPAIR/REPLACEMENT/I NSTALL 
REVIEW/CHANGE SOP 
EQUIPMENT; INSPECTION 
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The Corporation of The District of North Vancouver 
Location 
'355 West Queens Road 
North Vancouver, BC 
V7N2K6 

Planning & Development Services Telephone: 60.f..990-2381 

Malling Address 
P.O. Box 86218 

North Vancouver, BC 
V7l4K1 

Fax: 604-984-8664 

FAX TRANSMISSION RECORD 

Operator 

SEND: 

TO: 

FAX#: 

ATTENTION: 

REPLY: 

District of North Vancouver 
Planning Department 

Telephone: 604-990-2_ 
Fax: 604-984-8664 

Attention: --------------------------------

CONFIDENTIALITY CAtITION 

This message is Intended only for tho use of the individual« entity tr> which it is addressed and ma'/ contlin infonnation that Is privileged and 
confi<Sential. If the reader of Ulis message is not lhe intended recipient, or the employee or agent ~Ible for dellvetfng the message to lhe 
intended recipient, ~ are hereby notified that any dissemlna1ion, distribution or copying or this communication is strictty prohibited. If you l\aYe 
receiVed ttlls message in error, please notify us immediately bf uepnone and ~~original transmission to us by mall wttnour making a cor,y. 
Thank you. 
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SUMMARY OF QUESTIONS & ANSWERS 

October 30, 1997 

Information Meeting on the QRA 

North Vancouver Plant 

RECBIVED 
DEC l 2 1997 

The following is a list / summary of the questions and answers presented at an 
information meeting 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 .l Wind Direction 

I have recently spoken with two recreational sailors familiar with the area who 
state that the wind direction in this section of the narrows has two 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 dynamics. 

Obviously, 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) until such time as 
adequate site-specific data is compiled? 

A. 1 The risk analysis included the review of data from both the bridge 
station and a meteorological .station on site. The two sets of data were very 
similar, and the data set for the bridge was used as it was slightly more 
conservative for the area of 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 must 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 time 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. 

Q.2 Planning Issues. Are you able to make recommendations to the 
following questions? 

While the risk assessment does not consider other conditions in the 

"\~ G-e"' 
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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 precisely. 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, a~alysis has taken no credjt for community emergency 
response planning or various mitigation strategies (such as sheltering in 
place). If such factors were to be considered, they would reduce the risk 
levels from those depicted in the report. 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 Kingdom by 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 
developrnen ts. 

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. They 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 interfere with communications from the plant to the regional 
emergency 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 
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l 

Dollarton Highway. Please supply the range of population density figures 
for what the MIA.CC guidelines define for low, medium, high etc. 

A.1 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 probably 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. 

Q.3 Please identify other chlorine plants in North America which are 
located within city limits as I would like to contact them. I 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. 

Q.3 Pamphlet has been ordered. 

Q.4 What is the time frame in hours (minimum to maximum) that the 
public would be in danger from a major chlorine release? 

A.4 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 
time. 

Q.5 How polluted is _the CanOxy site? What are the major contaminants? 
When the plant closes, could residential housing be permitted on the site 
because of the pollution? 

A.5 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 I will be given the 

@004 
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appropriate time so that I can put forth an informed decision on the matter of 
the validity of the quoted risk assessment. 

A. l Pamphlet has been ordered. 

Q.2 In conjunction with the above I 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 gDlS) occupies 22.4 litres in a gas state at STP 
300 tons thus occupies a volume of 22.4*3*10-8/70 litres 
Diluted in volume to 1000 ppm would expand this by 1000 and since hn3=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. 3rl0-6 ie. 32km2 

Now one can readily gen~rate the following areas for different densities (ppm) 

Parts per Million Height (meters) Area (km2) 

1000 3 32 

1000 10 9.6 

1000 30 3.2 

300 3 107 

300 10 32 

300 30 10.7 

100 10 96 

100 100 9.6 

10 10 960 

10 100 96 

It would be informative to know the mortality rates/times for these proportions (ppm) as 
well. 

A.2 Mr. Kost's estimate of plume extents assumes that the material is 
uniformly mixed within an enclosed, 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 
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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 gi:ound 

• 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 
(PPM) 

1000 

300 

100 

10 

Time to a given lethality probability 

50% lethality . 

2~sff'.M-

20 minutes 

190 minutes 

312 hours 

10% lethality 
' 

ls~~ 

5 minutes 

46 minutes 

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 shorter dUI"ation than this. 

Q.3 In attempting to understand the factor of 10 reduction in the risk 
assessment from the previous 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 of only S, I am 

~006 
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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. 

A.3 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: 

• Release was not assumed to be contained by a dyke in the 1994 
repor.t. An unconfined release results in higher consequences 
and risk. 

• In the 1997 report the release physics were modified to reflect 
Chlorine Institute experiments. The modifications resuJt 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 damage. The 
300 tonne tank also has a lower earthquake risk than the 600 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 speed 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 
lm/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 i 997 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 speed influence the the downwind distance. In addition to 
depicting the model results under different weather conditions in the figures 
presented in the 1994 and 1997 QRAs different storage conditions have also 
been 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 / 09/ 98 MON 1 3 : 20 [TX/RX NO 8809) 
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Downwind distance to 1% lethality (km) 

Stability wind speed 
m/s 

1994 1997 

confined unconfined confined 
(full) 

289 tonnes 225 tonnes 225 tonnes 289 tonnes 

C 2- 3.4 4.8 7.4 
D 2 6.2 4.3 6.1 9.2 
E 1 8.0 5.5 8.0 12.3 
F 1.5 7.6 11.1 16.6 

It can be seen from the table that the 1994 and 1997 unconfined results are very 
similar due to similar release 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 consequences resulting from this release are 
significantly higher than previously analyzed. 

The tank is not operated 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. 

Q.2 The 1997 Updated Report did not include the "Worst Case Probability 
of Death Contour" 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. 

A.2 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 the probability of lethality 
contours given a release occurs. Wind direction information is handled 
implicitly in the derivation of risk contours and is considered in the 
presentation of consequence contours only to show the difference resulting 
from land ·and sea dispersions. Normally the contours are independent of 
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? 

A.3 The consequences of an individual release are more the domain of an 
emergency response plan rather than a QRA which combines frequency and 
consequence information. For illustration purposes, a relatively high 
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frequency 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 Figure 1 that t~e 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 speed. The maximum 
extent of the 20 ppm contour at ground level is about 550 m as shown. 

Given that the Second Narrows Bridge is approximately 800 m from the plant, 
the impact on the bridge in terms of reduced visibHity should be minimal. 

Q.4 What are the suggested population densities in the MIACC guidelines 
for the 10-5 to 10-6 risk zone (commercial, offices and low density residential)? 

A.4 The MIACC guidelines do not include population densities. 

Q.5 There was a lot of discussion at the September 23 pubic meeting 
(afternoon session) of taking shelter at home during a chlorine spill. 
Apparently one has a good chance of surviving a chlorine release by staying 
at home. This was confirmed by different experts present. It was also 
suggested that _a large breach of the 300 tonne storage tank would probably 
only occur during a large earthquake. It is also well known that the home is 
not a safe place to be after a large earthquake (gas leaks, falling beams, after 
shocks etc.). 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 assuming no one would 
seek shelter or evacuate from the path of the plume. If sheltering or 
evacuation were considered the extent of the predicted risk contours would 
be reduced. 

Q.6 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. Different 
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) . 

A.6 The suggested approach, consideration of the chance that a certain 
number of casualties occurs or the expected number of casualties over a 
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C Stability 2 mis Wlnd Speed 

D Stablllty 2 mis Wind Speed 

D Stablllty 3 m/s Wind Speed 

1 I I l d 

E Stablllty 3 tn/s Wind Speed 

F Stability 1 .5 mis Wind Speed 

Ehi ! I • t I I 1 I 8 
Figure 1. 

Oowrtwind Distance (m) 

The extents of the 20 ppm chlorine concentration contour resulting frotn a line 
break release under selected weather conditions. 
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certain tim.eframe, is part of the estimate of societal risk. Societal risk in.volves 
the consideration of the chance that a certain number of causalities occurs or 
the expected number of causalities over certain time frame results in a_n 
estimate of fhe societa] risk due to a faciJity. 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 ;mportant in a 
societal risk context. 

Q.7 If a chlorine spill 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 freqttencies and consequences of all the release scenarios are 
presented in the 1997 PHA report. Additional data on consequence distances 
is 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 I am still puzzled why 
there is such a large difference in "Downwind Probability of Death" estimates. 
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 83% larger than the 1994 
total of 8 km at 1 m/s. wind speed. The 1997 distance would even have been 
larger if a 1 m/ s wind speed had been used as in 1994. l would like to see this 
graph redrawn comparing 2 m/s and 1 m/s wind speeds. 

A.1 In the 1997 re_port all of the !elease m~terial was assumed to go into the 
plume for the capacity release. This results m a more conservative estimate of 
the cc:,nsequences, ~nd as a result cannot be compared directly to the 1994 
capacity release which assumed that some of the release would go to a pool.99 

_The table ~elow_summarizes a comparison of results from the 1994 and 1997 
QRA for d1spers1on over sea of a large storage tank release. The numbers that 
can be compared are shown in bold type. 

Downwind distance to 1 % PD (km) 

Stability wind speed 1994 1997 
m/s 

confined unconfined capacity 
C 2 ·3.4 4.8 7.4 D 2. 6.2 4.3 6.1 9.2 E 1 8.0 5.5 8.0 12.3 F 1.5 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 resu]ts to the unconfined 1997 release 
for similar meteorological conditions. 

The table below shows a comparison of the extents of the 1% probability of 
death contour for the capacity release over land, with 1997 modelling 
assumptions under 1 and 2 m/ s wind speed, E and F stability meteorological 
conditions. 

Stability 

E 
E 
F 
F 

Wind speed 

m/s 

1 
2 
1 
2 

Downwind distance to 1 % 
Probability of lethality 

(km) 

9.8 
9.8 

14.5 
14.9 

The table shows that the 2 m/ s wind speed provides greater downwind 
extents to the 1% probability of lethality contour. For the purposes of a risk 
assessment a decision must be made on how to discretize the 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 
the 1997 report although there should have been some large differences (see 1 
above). 

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 £or a medium release of the· storage tank under F stability and 1.5 
m/ s wind speed, and was presented as an example of probability of death 
contours and was not intended to be a worst-case. While 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 of 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 typically 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 impingement on a ridge, 
the concentrations can range from 1.2 to 1.8 times as high as flat terrain 
predictions within a very short distance (ie. 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. 

ing the pulp tank together were 
corroded and needed replacing. 

During the trial, MB's lawyer 
Ross Clark argued the company 

GORDON HAMIL TON five similar cl).a-rges relating to understood that the repairs did 
and SEAN PERCY the fact the spill occurred over not need to be done for two 

. VANCOUVER suN two days. The judge ruled that -years. 
_ POWELL RIVER - MacMtl- MB was attempting to clean up ~If the company had any idea 

lan Bloedel has been fined the spill on the second day. that [the accident] was a poten-
$100.000 in provincial court for The sentencing hearing was tial result, it would have acted 
a huge chemical SJ?ill that came not held until this week. long before," Clark said in an in­
dan:gerously close to" gassing .The spill occurred when an terview Tuesday. "But it was 
residents living near the coastal aging wooden pulp storage t;uik missed." • 
community. a the company's paper mill "Mercifully, the extent _of the 

In sentencing MB for the Oct. burst, sending a shower of tim- damage was minor," Judge 
17, 1994 chlorine dioxide spill, bers and pulp on to two chlo- Green said in assessing the fine. 
Judge Fred Green said the com- rine dioxide storage tanks con- Had circumstances been differ­
pany di_d not s_how due dili- tai'ning 600,000 litres of toxic ent, people may have been in-
ije,nce. in trying to preyei;it .the liquid. . . ,. jured', he. said. • 
~d:,i<l;e!}t, the larg~st <?fits_ ~d Chl~rine dioxide is·:us.ed in • -.. _The ·preva_ilJng win~s-the 
fijnt1sh Columbia history. - bleachmgpaper . . · .. •. · '·. wght:9ft):_ie_acc1deot camedthe t.The company was found • Both tanks ruptured .an'd, t4e -chforine·-diox.ide cloud off the 

i'ity last July on three charges·· :_ chemical escape<,3.rf).owing int1_ ' coast, rather than onshore. 
nqer the provincial Was.te.· ~fa.laspi~a-Strait ahd tu,rning • Green also said the company 
aJ).agement Act and federal int:o a gas clot.id .tliat drifte[ showed remorse and did not 

Ifisp.eries Act: permitting wai,te , .northwest .of P_o~eU ·River, nar-' , make any money from .the of-

f; escape into the otean and rowly missing the Indian vµlage - fence, both factors in se~ing the 
•. to. the air and introducing a of Sliammon. . fine. , . . 
elet_erious substance into the Two ye;u-s earlier, MB ha,d re- . MB has 3Q.days to appeal, but 
cean. • ceived a consultant's repod the company·has made no deci-

l It was acquitted on another statin_g that the iron bands hold- sion on ari appeal yet, Clark 

said. 
Crown-counsel John Bark­

well, who sought a fme in the 
$250,000 to $500,000 range, said 
it is "certainly towards the high 
end" of waste discharge fines 
but it is not tlie highest. In 1990 
Cariboo Pulp and Paper was 
fined $275,000 for discharging 
turpentine and white liquor 
into the Fraser River. 

MB has since spent $5 million 
to build new concrete pulp stor-' 
age tanks away from the chlo­
rine dioxide tanks, Clark said. 

The judge agreed with an MB 
submission that most of the 
money go toward enhancing 
salmon stocks in the Powell 
River area, near where .the spill 
occurred. 

-Of the $100,000 MB was or­
dered to pay, $35,000 will go to 

-general provinci.?-1 revenue, 
while $27;500-will go to·the 
Powell River Salmon Society, 
and $27,500 to the Sliammon 
salmon hat~hery. The local 
Provincial Emergency Program 
gets $10,000 to upgrade search 
and rescue equipment. • 



Community Advisory Panel (CAP) 
of CXV Chemicals Canada Ltd. and Sterling Pulp Chemicals Ltd. 

c/o CAP Facilitator 
Lori Walker 
444 Fader Street 
New Westminster, B.C. 
V3L 3T3 
{ph .515-0115) 

January 5, 1997 

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 benefits 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 enclosed 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, concerns, 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 

'Why Community Advisory Panels? 

Introduction 

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. 
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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 
Toomey 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 lvlanager of Sterling Pulp Chemicals (929-3002) 
• Ross Peterson, Co-ordinator, North and West Vancouver Emergency 

Response (983-7440) 

Page2 



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 involvement. 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 ... 

CXY Chemicals and Sterling Pulp 
Chemicals of North Vancouver are 
looking for 12 volunteer members to 
participate in a Community Advisory 
Panel (CAP). If you are· a local 
resident who is interested in 
ensuring our comunity remains a 
good place to live, we ask you to 
consider helping us out. 

The CAP will provide a regular 
forum where community members, local 
business, and the municipality can 
exchange information with CXY and 

Sterling about plant operations and 
activities. While the CAP will not 
serve as a decision making body for 
the two plants, it will be a forum 
where the panel members• concerns 
and points of view are respected 
and taken into consideration by 
CXY, Sterling, and the municipality 
when decisions are made. 

The CAP will meet 3 to 4 times 
a year, 2 to 3 hours in the 
evening. The members will establish 
other meeting logistics to meet 
their 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 alann 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: 

• Nachiko Yokota, Resident and former member of Chemical Hazard Alert Committee 
• Ellen Riley, Resident 
• Pat Neufeld, Resident and President, Lynmour & InterRiver Assoc. (year one) 
• Rob Bengough, Resident (former Manger of Health and Safety, TOLKO Industries) 
• Cas Bohlken, Resident 
• Capt. Dennis Burg, Resident and representative of Ship Safety, Transport Canada 
• Nancy Dale, Resident, teacher, and representative of Maplewood School (year one) 
• Salim Ledak, Resident 
• Neil McManus, Resident 
• George MacPherson, President MWBMU (year one) 
• Neil 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 Program 
• Brian Thornton, Manager of Community Relations, CX'i Chemicals Ltd. (year one) 
• John Billham, Plant Manager, CXY Chemicals Ltd. (year two) 
• Roger Thomey, Plant Manager, Sterling Pulp Chemicals 
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CAP Objectives 

The following terms of reference were identified at the CAP' s inaugural meeting, held 
December 5, 1995: 

Mission Statement 

The CXY / Sterling CAP (the CA.P) is a forum for the open, frank, and mutual exchange 
of ideas and concerns of both industry and citizens. Comprised of representatives of 
the local community, the industry sponsors, and the mt.Lnicipality, the group works to 
develop an understanding of these L."1dustries as they relate to the neighbouring area 
for the purpose of mutual education. The CAP serves as a resource to industry and the 
community at large on issues including safety, health, environment, and economy. 

Objectives 

1. To address issues that are important to t.l-te commtL."lity and industry. 

2. To provide the community with input from the pla.."1ts about facility operations. 

3. To provide feedback from the commurity about plant operatiorts and concerns, 
and to identify ways to improve communicatio:ns with the conln:lur>Jty. 

4. To provide a mecharjsm for Ll-te plants to discuss communits; response to the 
plants' ideas and plans. 

5. To provide a means to educate the plants and their corporate management 
about the commurity. 

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, Sterlin~ 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 
• ,varning 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? 
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3. 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 
• location, relocation, long-term plans 

4. Development Issues 
• MacKenzie Barge, other 
• Dollarton Realignment 

5. Benefits 
• employment, products 
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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 resolu ti.on. 

It is important to Sterling that neighbours know Sterling has an open-door policy and 
an environmental objective of "zero impact on the environment." 
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Background on CXV 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 Ltd. 
(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 facility 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 capacity 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 
oil 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 
(H2 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. 

Page9 



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 North 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 $3 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 87% (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 municipality. 

• 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]). 

• 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-Sterling 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 
Toomey 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. 
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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 (929-2331) 
• Ross Peterson, Co-ordinator, North and West Vancouver Emergency 

Response (983-7440) 

Charter members of the CXY /Sterling CAP include the following individuals: 

• Nachiko Yokota, Resident and former member of Chemical Hazard Alert Committee 
• Ellen Riley, Resident 
• Pat Neufeld, Resident and President, Lynmour & InterRiver Assoc. (year one) 
• Rob Bengough, Resident (former Manger of Health and Safety, TOLKO Industries) 
• Cas Bohlken, Resident 
• Capt. Dennis Burg, Resident and representative of Ship Safety, Transport Canada 
• Nancy Dale, Resident, teacher, and representative of Maplewood School (year one) 
• Salim Ledak, Resident 
• Neil McManus, Resident 
• George MacPherson, President MWBMU (year one) 
• Neil 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 Program 
• Brian Thornton, Manager of Community Relations, CXY Chemicals Ltd. (year one) 
• John Billham, Plant Manager, CXY Chemicals Ltd. (year two) 
• Roger Thomey, Plant Manager, Sterling Pulp Chemicals 
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• December 5 / 95 
• February 6 / 96 

• March 5/96 

• 1v1ay 7 I 96 
• May14/96 
• June 4/96 

• June 19/96 
• October 23 / 96 
• November 27 / 96 

• January 8/97 

• February 19 I 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 Toomey, 
Sterling. 
CXY Presentation continued; 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 Prevention presentation by Ray Robb, BC Ministry 
of the Environment. 
Emergency Planning and Response. 
Report Discussion and CAP planning for next year. 

N.B.: 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 
CAP facilitator, Lori Walker. 
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Health effects of chlorine-Long- and short-term exposure in "'Plain English" 
(Responses provided by Dr. Neva Hilliard, Occupational Medicine Consultant and Clinical Asscciate 
Professor Department of Health Care and Epidemiology, University of British Columbia and from 
"Chlorine/Chlorine Dioxide: Review of Health Effects" (February, 1997) prepared for the Pulp and Paper 
Advisory Committee Forest Industry Health Research Program by the Occupational and Environmental 
risk Management Group of the BC Research 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 
5 - 8 ppm Irritation 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 mm. 

,4~ < ➔ 34-51 ppm Death in 60-90 min. 
1[~ . 

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 amoW1ts 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. NERM Data (National Emission Reduction Masterplan) submitted by the pl~t to 

the Canadian Chemical Producers Association shows an amount' of 300 kg a y ar as 
the chlorine released through routine venting. Chlorine is verye:_./'_:t will 
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react with moisture to form weak hydrochloric acid-long before it would react to 
such chemicals as PCB' 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, so 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. If 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. 

Q. If there are no linkages, why do Canadian drinking water guidelines exist? 
A. 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. 

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 
Assessment that CXY conducted. 
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Q. How is information about the possible risks of a chemical shared between the 
people who produce, transport, and use them? 

A 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 incidents 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 tum off the air conditioner? 
A. Yes, individuals can take their m·vn protective actions. The ~1unicipality 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) Tum on radio (CBC AM) or TV (Rogers Community Cable). 

Advice will also come through CAN ALERT phone system. 
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r Land issues: Dollarton, Rezoning, Redevelopment and Quantitative Risk 
Assessment-storage, what does it mean in plain English? 

Note: 
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 Ross 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 Ltd. at 
924-2923. 
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Emergency response 

Q. 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 rail car 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' Association 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. 

Q. 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. If 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. It 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 tum off gas furnaces 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 Aleit Network pamphlet. 
It is as simple as answering your telephone, but the pamphlet doesn't say that. I 
had to read to end.of the first paragraph before I started to due in that I didn't need 
to do anything. I was looking for what I 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 North 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 P°'"'er resulted in the plant having to undertake 
emergency shutdown. A valve designed to close in such ~..rcumstances did not 
fully close and allowed cooling water in the process to continue to contact 
chlorine. Plant cooling water containing a chlori..ne concentration above perm.it 
levels was discharged for several minutes into Burrard !!,Jet. Monitors at t..li.e 
plant ,,vere rendered inactive due to the total power failure. Charges were laid 
under the Federal Fisheries Act by Environment Canada and the Provincial 
Ministry of Enviro:mnent also charged CXY for exceeding its permit. 

As part of the regulatory investigation and notwithsta..11ding 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 hvice 
ruled that t..l-\e documents were unlawfully seized. Environment Ca.'l'\ada has 
appealed t..li.ese decisions to the Supreme Court of Canada. The decision ,11,rhet..lter 
t.~e Supreme Court "'rill hear the appeal is expected in October 1997. 

The equipment malfunction resulting in the permit excedence has been repaired. In 
adqition, L11 accorda..'lce wit.I-\ new regularatory requirements and at a projected cost 
of over $2 rr"illion, CXY is studying a process that would divert and treat the 
plant's water discharge before it goes into Burrard Inlet. 
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On-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 landfili 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. 

Q. How often are your air emissions tested? 
A. We run tests once per year and submit data to the GVRD. 

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. 

Q. Loading -do you ever lose a bit there? 
A. The loading 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. Monitors 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. I don't know if it 
was you or someone else. I'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 t:irr).e 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, 
so the river should not be affected. 

Q. When you had a spill at the end of May, how much was spilled? 
A. Less than S 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 still 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 Mini_stry 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 times per year. The monitors are 

activated at 0.15 p¥ts per million which is below the odour level of 0.2-0:3 parts 
per million. 

Q. 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 monilis, 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. 

Q. 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. 
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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 a.ffect 
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. Otlorine and the related alkali chemicals are ingredients in foods (additives, 

processing, 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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In Attendance: 

CXY-Sterling Pulp Chemicals Advisory Panel 
Minutes Meeting #17 - December 3, 1997 -

Canadian International College 
2420 Dollarton Highway, North Vancouver 

Ellen Riley, John Blllham, Neil McManus, Lori Walker, Ross Peterson, Neil 
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 

4. CAP Member Update 

(Note - 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 
year terms. This would be discussed further on in the meeting. Ross Muirhead 
inquired if Cas had officially resigned from the CAP. Lori replied that it was 
her understanding that Cas was limiting his involvement due to other 
commitments but still wished to be irivolved in some meetings and "kept in the 
loop." 

A copy of the Chlorine Institute's pamphlet #74 on chlorine dispersion has 
been ordered and an updated version should be available in the new year. 
John will supply and discuss overheads on dispersion prepared for a 
presentation to the Roche Pointe Community Association. Pamphlet #64 
"Emergency Response Plans for Chlorine Faclltties" is available from Lori. Ross 
Muirhead inquired if the testing of sour gas dispersion in Alberta 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 to 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 available. 

Future topics - please think about questions and possible speakers 
I) 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 an~ on the street, high pressure gas mains. 
4) Municipal Plans. Official Community Plans and plant 
5) Responsible Care - What is it all about? 
6) other CAPs - how do they work? 
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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 

1 district staff are putting together a report for council which will include the 
questions and answers to inquiries made at public and community meetings. 
A public meeting is expected ln late February. Ross P. ~aid th_~t ~taff preparing 
the report are currently awaiting answers to some questions: fro~ .. the 
consultants involved {Bovar, A.O. Little). Report will cover QRA; rezoning, 
bridge use, and Tolko site. The decision may be referred to the Seymour offlc'ial 
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 author has been ill), 

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 qualitative 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 notnecessartly what the public want. Other expr~sstons 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 
flt MIACC's guidelines for risk acceptability but not necessarily the publics'. 

Ross has also made a request to MIACC for any research or tnformation they 
may have regarding the use of general alert siren systems and telephone and 
siren systems used 1n tandem. Ross will pass tWs onto CAP. 

Ross Muirhead 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. 
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7. Discussion - Action Items for CAP: Achieving our objectives 

Lori initiated a discussion of how CAP members wished to proceed 1n achieving 
the objectives we originally set out for ourselves. We started by looking at the 
objectives and discussing if they still flt. We discussed whether we wished 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. Identify issues of concern and importance to the community 
2. Provide information to the community 
3. Provide information to the company sponsors and mu.nicipality 
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 recogntzed. 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 flt. Another reality is 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 recogntze 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 "watchdog". 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 out to the community, we talked 
about the need to identify who it_ is 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. 
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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. Gail suggested we may have to think of different ways to reach 
different groups. (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 C9ll~ge. Neil 
said that instructions about what to do in the event of a leak ;were1tj.esigned 
and are included in the yearly orientation and in the handbook . . Instructions 
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 fatrly positively. 

The issue of liability when/ if CAP members do presentations was raised. It 
was agreed that we would design communication $,atertal 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 association and are not involved in the 
Responsible Care. Ross suggested that broadening scope may be beneficial to 
the municipality. John also said 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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a -Wednesday, January 7, 1998-·North ~hore News 

n o rt h s ·h o r e n· e 1 

____ MAIL BO] 

Gas plant could be 
good tor H. Sound 
Dea.r Editor: 

Re: B.C. Gas Southern Crossin~ Hearing 
It is distressing for our association to read 

the comments of the mayor of Lions Bay in 
our local media which, in our opinion, grossly 
misrepresent the West Coast LNG storage 
fac.ility proposed for McNab Creek and the 
conduct of the Sunshine • Coast Regional 
District. It is our understanding-that Lions Bay 
has made similar representations to the; com­
mission at the above hearing. 

It is equally distressing to learn that thi~ 
hearing has become, not just an evaluation of 
the Southern Crossing proposal, but rather an 
evaluation of all proposals to supply" natural 
gas to the Lower Mainland. ' 

Had our association been aware of the real­
ity of this situation, we would have ·participat­
ed as an intervenor jn the process and made a 
significant presentation. Perhaps it is our inex­
perience with regard to the B.C. Utilities 
Commission that is to blame. 

West Coast Gas has recently made a major 
presentation on their project to our associa­
tion. They have answered every one of our 
questions in a forthright and honest manner. 
They have provided detailed technical infor­
mation with respect to earthquakes attributed 
to the proposed site which has revealed that 
norte of the recent quakes were remotely near 
the proposed site. . _ . 

West Coast Gas needs-approvals and zon­
ing changes from the Sunshine Coast Regional. 
District. Even though this is at'a very prelimi-.­
nary stage, .West Coast Gas has demonstrated 
that it wishes to become uesponsible partner 
in our community. None of the other compet­
ing projects, or indeed the original applicant 
itself, B.C. Gas, has even bothered·to contact 
our association, let alone provide us with any 
information or background on their proposal: 

Our firm position on this hearing can be 
summed up thus: if the commission.is to allow 
the evidence- or representations of Lions Bay 
to remain on the record, then we should be 
allowed to make a presentation, and that we 

should be given the time and funding neces­
sary to properly prepare this presentation. 

The West Coast Gas LNG storage propos­
al will. generate immediate construction jobs 
for the community; create a limited number of 
long-term, good-paying,- operating jobs, and 
most importantly provide significant new tax 
revenues. to our local governments. . 

To have the decision-making process taint· 
ed by the ranting of Lions Bay's mayor is inex-­
cusable and in our opinion, indefensible. 

The issue of Lions. Bay's mayor misleading 
the public as to the project's safety, when her 
only real concern is .that her view may change, 
is a matter that she will be publicly held 
accountable for. 

We have not interfered in Lions Bav affairs 
:when they constructed the grossest of ill pub­
lic eyesores, clearly visible from the Sunshine 
Coast, which significantly destroys the spectac­
ular scenic beauty of Howe Sound because we 
realize this is a very significant part of their 
communitfs flood protection infrastructure. 

'Regrettably the m,ayor of Lions Bay has not 
taken the time, as we have, to. lear-n the facts of 
the project. If she had ·bothered to do so she 
would discover that while there are concerns 
with • r.egards to the- project, • the long-term 
financial b~nefits and related positive commu­
nity impact· far outweigh those concerns, and 
~us the project should be allowed to_ proceed 
through ·the next level of the regulatory 
processes. 

•. We ·y,,ould respectfully . s1,1ggest that the 
commission has two alternatives: either declare 
a mistrial,_ and hold a new hearing properly 
ii:tforming _the ·public what is to be dis~ussed 
arid what 1s at stake; or suspend the current 
hearing and.· allow us; and indeed I suspect, 
many other· groups, the opportunity to prop­
erly participate in th~ hearing. . 
• • We would re'sp~ctfully ask that the commis­

siort _rule on our request forthwith. 
Bob Jones 
plphinstone Community Association 
Gibsoris 



, I , 

GVRD criticized for 
-op~ oslllg g~. taiµc 

• Residents of the .Sunshine 
·C<>aSt aren'f"a bunch of hill­
bi1Hes1' and know how to de­
cidei what constitutes a safe-
• ty·hhard to· the public . . 
• W~th those.words·; .Patricia 
Baldwin, chairman- of. the 
Sunshine Coast regional dis­
trict chastised GVRD offi­
cials for opposing construc­
tion: of a liquefied natural 
gas tank at McNab Creek in 
Howe Sound . 
. . :· B~dwin said the GVRD 
-jumped the ~n in opposing 
the ·tank farm, which is be­
in,g p_roposed by Westcoast 
Energy as an addition to the 
Van¢ouver Island-natural 
gas pipeline. . 
· Tije stor~ge facility, which 
wouid be loc.ated in SCRD 
territory, still needs ·provin­
cial tegulatory apprQval. • 

!6-f C i SJci7-
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& - Wednesday, November 19, 1997-North Shore News 

north s·ho 

____ ---,..--,-.--VJEWI 

Sound test 
T first glance the testiness in. ·Southern. Crossing project, a. pipeline 
Lions Bay and vicinity .over hook-up to Alberta gas for B.C. cus-
lans to build a large Liquefied . -tomers.: • : ' 

Natural Gas . (LNG) . storage plant On the · Sw.ish.fu.e: • Coast the 
across the way on Howe Sound smacks Westcoast development would be a 
of the old NIMBY syndrome. • • good· thing in some quarters. The pro-

W~tcoast Gas Services Inc. proposes ject. woul4- realize. hundreds of con­
the largest ·such facility in · North struction jobs and an eventual 14 full-
America on ·a· site approximately 7.5 .tiine jobs .once completed.. . 
kilometres inland from Howe Sound at Across the water, however, there's 
McNab Creek. • concern· about visual pollution, earth-

. Subject to government approv~ the quake hazard and questionable devel­
storage plant :will ~ design<:4 to liquefy opment thrust for the region. 
up to 16 million cubic feet of gas per ~y. This issue is a test._ ':rhe g~ folks in 
Up to three billion cubic feet of gas Lions Bay are· right to raise a ru:ckus, 
could be storeq. at the site. • • The __ heat will b.ririg to life a process 

The_ storage· tank will be . 7 4 metn:s that. should be taking place • at the 
wide and 52 metres tall --=- a · m.assiv~ ·.: grassrQOts level. • The • "f\1iure • of the 
stru~e. LNG stored at the site will be Howe . Sound region . is being deter­
taken from gas fidds in northeastrn1 mined now. Is it.a leisure playground? 
B.C. Westcoast's intention is·to provide Is it .an industrial breadbasket? Can it 
a competitive alternative to th~ BC Gas be both? 
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M ca Commission guards water tests 

Fnmpa91 1 

said one of his staff member, cheeked out th, 
facility and cheded the pool's recent water quali• 
cy 11:StS :as a rcsuk of the compbint . 

. Kwan said the water's chlorine count was high. 
The pool wa., then cl00<d fur the remainder of 

Friday. • 
Meanwhile Tront's problems wtrc just begin· 

ning. Upon coming home after her dip she took 
o.nothcr shower, &ut her di$COl!'lfort was not eas­
ing up and lite also mrtcd sneezing. 

"It got progressively wotsc with my tongue 
and my leg,; there wo.s I constant ~ on my 
legi, • said Tront. • 

The nut morning, she awoke to the sa,m dis· 
comfort and after driving her boymend to work 
she returned home. Tront called her m«her who 
subsequcndy drove her to Lions G.tc Hospital. 

"Ba5ically I just h,d a-rcaUy·bad aUetgic rcac• 
tion to the who!, thing," said Tront, who uaycd 
in bc:d for three &iys foUowing the incident. 

Tront has sincc contacted 3 Jawyer and is con• 
templating legal a_ction against the North 
Vaocouvcr Rccration C.Ommwion. 

"My la"'J'Cf just can't hdieve they had that 
pool open," said Tront. 'It's sheer ncgligaice. 
They should have had it clo..,d and it's lucky I'm 
as healthy as I am.• ---­CHERYL Tront claims she was overcome by 

high levels ct ammonia as she swam at 
Lonsdale Rec Cenlre on Ille <lay of the leak. When Young was contacted again last 

Wednesday he confirmed the pool was opened 
briefly on Prid<ly morning, but s,id he wollld not discuss nor would he release the specific results of the 
water tCJtS paformcd on the water on Nov. 27 and 28 bcausc then: is a claim •!?inst the J';,ciliiy. 

Young said recreation commission suJf have conracred Tront and will have thcir insurance agents 
cva.fuatc: it. 

"We'll look at her claim, andifit's an appropriate claim we'll honor it,• said Yow,g. "We're also ~­
ing about making sure the taxpa.ycr is procccted ... 

Young added "not many• dairru arc filed against the N0<th Vancouver recreation faciliti..., e,·en 
!hough they l:lavc 2_.S million visiron annually. 



. . . ...,,, ...... 
Ammonia actions appreciated 
Dear Editor: DC C i 'L f 1 ·7 We offer our sincere apologies to all the cit-

On Thursday, Nov. 27, the North izens of North Vancouver who had their daily 
Vancouver Recreation Commission experi· patterns disrupted. 
enced .,n ammonia leak at the Lonsdale We would also like to express our thanks to 
Recreation Centre. the staff and volunteers of Silver Harbour 

The lea!:;, required us to evacuate the build- Manor, tli.e RC.MP, the City Fire Department, 
ing just after 9 a.m. Approximately 300 of our Emergency Social Services, City Staff, B.C. 
clients, many in fitness apparel, were warmly Transit, North Shore Health, B.C. Ambulance, 
welcomed at Silver Harbour Manor. As well, Environment Canada, Lonsdale School and 
the children from Lonsdale elementary school, our own staft~ all of whom responded magnifi­
who were downwind of the leaking gas, were cently to the cmcrge[)cy situation. 
evacuated t0 our Delbrook Recreation Centre. Maureen Curtis 
The upper portion of the Lonsdale city corri- Chairm an 
dor w::is closed for a couple of hours. North Van couver Recreation Commission 



Gas debate heats up 
~ g- C 1/cz 7 War of words p·1c·ks up bpen the facility by 2000. The project has yet to be approved. It Michael Becker 

New Editor 
michtul@nmeJPs.eom 

WEST Vancouver Mayor Pat Boname and 
lions Bay Mayor Brenda Broughton share 
a nightmare. The dark fear is this: an . 
earthquake and a Hiroshima-scale natural 
gas explosion in the Howe Sound area. 

The source of this hellish vision: Westcoast Gas Service Inc. 
proposes co construct and operate a liquefied natural gas (LNG) 
storage facility in the Sunshine Coast Regional District near the 
Vancouver Island Pipeline. 

The 24-hectare McNab Creek site is located approximately 
7.5 kilometres inland from Howe'·Sound, 20 kilometres across 

must get the nod from the Sunshine Coast Regional District, the 

t I f · LNG B.C. Environmental Assessment Office and the B.C. Utilities S eam over p ans or · Commission. To jump through the regulatory hoops, Wcstcoast 

f • 1 •ty • U S · d has thus fur spent approximately $1 million on third-party con-
St. Or8 Q8 . 3CI I til n) . QUR ~r.antsrortheproject. 

In the meantime, proponents and opponents wage a steady 
the water and away from Lions Bay and approximately 30 kilo­
metres from Sunset Beach in West Vancouver . . 

Wcstcoast would like to build an LNG storage tank 74 metres 
(243 ftct) wid~ and no more that 52 metres (170 feet) tall. The 
tank may be fitted with four white aircraft warning strobe lights. 

It would be used to store natural gas during spring, summer 
and f.tll months. In the winter, during peak deinand, the facility 
would be able t6 supply up to 300 million cubic feet of gas daily, 
enough to meet the needs of 300,000 ho~holds. 

Westcoast anticipates a construction start early n~xt year to 

public relations war. Broughton and many of her constituents 
believe the Westcoast facility poses a serious risk to the well-being 
of Howe Sound residents. 

Verktill Communications Inc. spins Broughton'sj3 . 
position to the media in terms of"the feisty volunteer mayor" 

engaging in a "David and Goliath-type battle" against big cor­
porate agents of industrialization and purveyors of catastrophe. 
, On the other side of the is.sue, an information package pro-

See Energy pa.ge 3 
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Energy company 1ti 
answers critics ~ 1

• 

of storage plan 
Fromp119• 1 

vided by Westcoast Energy's Wayne Soper, vice-president environment and 
government relations, includes color shots of scenic Howe Sowid vililaS. The 
'I.NG storage tank is invisible to the eye in photos identified as View from Lions 
Bay, Simulation of Proposi;,d Tank from . Highway .99 and Simulation of ~ . • 
Proposed Tank from North Shore of Gambier Island. . Q • 

roint by J><)int, the l;i.q!•~utton. ~'UCS T" _visual impact,,noise, pub~e health, ~-I 
:?.ull safety, eai;thquak~, cnV1TOnmcntal concerns - are addr~. • ·: • . . -~ • 

• Hpwe' Soun.~. p<?liticians, •. inclilcling lloname and Brough~~• ln~t • o_n· ::- . ..: ___ .:. __ 
Monday to~ the Wcst«>ast plan and g,apple wii:h the larger =e of pfrui- •· : •• , • ,i;.;~, () • 
ning.for .the region.Said Boname, "11lerc's a fair portion ofWcst Vancouver.that . '. /1':, q Q \ 
~nts on Howc·Sowtd. What started off as being a concern about the V1Sual· ~ _ , 
'impact <?f the size of the st!)~gc: tank ha.s turned 9ut to be the tip. of the iccbc.cg. • "t'.: f 

"It's not only a v~ry ~ structure, bu~ there's the earthquake chance that ~ I.! I 
something miglu go.'YfO~gand there's the scenario ofofHowe Sound going - . ) 1 
up in smoke if everythiog·did go wrong .. .". ~d I guess a third concern is the 
furure of Howe Sound. Will it'be another False Crcckat the tum of the cen· 
tury?"' - • .. 

For the more immediate future the West Vancouver mayor is consideripg a 
public open howc with Wcstcmst representatives some time in January. 

Meanwhile Lions Bay's Brou~ton has t;iken heat from Sunshine Coast 
Regional District Chairman Patncia Baldwin for actions· "that side-~ep the 
review procc.ss currently under way." The mayor made official' rcprescntatjon 
on behalf of Lions Bay residents opposed to the LNG project to the B.C. 
Utilities Commis.5ion on Nov. 25. She will take her community's ca.IC to the 
environmental assessment office panel on Dec. 16. . • . . 

Said Broughton of Baldwin's criticism: "There is a difference of opinion 
about the role ofleaders. The Sunshine Coast belieyes that the rigor ( of review 
process) is in the hands of these studies that arc being conducted. (But) thi;S is 
absolutely the public's time. The public need.\ to be alert to this mue, other-
wise the public is asleep during a very critical period." 1 

Westcoast's Soper doesn't want a sleeping public either. "I think we've been 
very forthright in terms of public consultation, bcing very open with. the pub­
lic in tenns of what the LNG project means for the area: 

"One" of the things I think we've been very dear on is that it's important 
• i 

\As.itieAAsaS, Map -____ ,.,_ 
/::;. INGlnllml::n • . ......., 

..,.; ................ ·-
a,,_._».,,ii~btt. 

Gtlj>hlc~ by <:allwtneBemo Anoc:-lnc. 

A proposed liquid natural gas storage tank will be visible from 
a 2.3 km stretch of coast north of Horseshoe Bi,y and south of 
Sunset Beach. • • •· 

that we all si:ick to the fucts. 1n the case ofli~uefied natunl gas, it is a cold liq­
uid stored at aonospheric pr<;ssur<;. It does not explode. The com~n to liq­
uefied petroleum gas explosions 1s really not reasonable. It's a fi.cility m-con• 
junction with the pipeline. There's no linkage to other industrialization. There 
arc no present plans, no future plan, no contemplation whatsoever of there 
being any shoreline facilities relating to LNG shipments or a port," he said. . . . 

Son 
poses 
as 
dad in 
scam 

.-Anna Marie D'Angelo 
NeJPS R.eporlff' 
tlt,n~&<nn 

FRANK Williams Junior 
·used his father's name to 
• rip off two mortgage 
companies of about 
$47,00!) . 

Williams, 27, was $Cntenced. 
last month to a siic•month con· 
ditional sentence and 12 
months' probation for the 
aimcs. . 

North Vancouver provincial 
court Judge Doug • Moss 

. ordered Williams to pay 
$44,308.86 restitution to the 
L.S.B.C. Captive · Insurance 
Corp and $5,500 to Burnaby­
based H.F. Heritage Financial. 

Williams, a New 
Westminster resident, was 
r<":9uircd to perform 200 hour:, 



NORTH & WEST VANCOUVER EMERGENCY PROGRAM 

Memorandum 
To: Irwin Torry- DNV 

John Bellham - CXY 
Terry Litchfield - CXY 
Jane Flemming - Canadian Oxy 
Elizabeth McDonald - ASL 
Stewart Behie - Bovar 
Bob Schubak - Hooley & Schubak 
Norman Stowe - PACE Group 
Brian Stegavig - DNV Fire 
Lori Walker-CAP Facilitator 

From: G. R. Peterson 

Date: October 14, 1997 

Re: Open House on Chemical Risk Assessment and Land Use Re-zoning 

Overall, I don't think that we did as good a job as we should have in the area of 
chemical risk communication to the public. 

I have since written to MIACC on the need to expand risk assessment 
procedures to incorporate more public involvement in the determination of public 
sensitivity and concerns, with the hope that in future, risk assessments can 
include or be directed towards those issues of concern to the public. I 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 ex1ension of their assessment work. I 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 into 
quantitative risk assessment and other technical studies associated with risk, 
such as seismic engineering work, etc. 



My suggestions refer instead to what I feel is a lack of follow through in risk 
assessment or what should follow the ORA or Responsible Care audit in terms of 
a meaningful discussion with the public. After all, much of the risk 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 wants to 
know and this should ideally take place before the assessment in order th~t as 
many concerns as possible are addressed by the process. 

This brings us back to the September open house. 

There seems some unpreparedness to provide information on what some people 
wanted to 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 information they were asking for. For example, 
questions 1 OB, C and D and questions 20A, B and C refer to a public interest in 
simpler infcrmation such as plume size and direction, and gas concentrations. 
Also, questions 1 OA, 1 and 20A, B and C refer to the general issue of sub lethal 
effects. 

I don't think the public was totally satisfied with the answers provided to these 
questions. Although Elizabeth McDonald provided useful information on levels of 
harm from chlorine, we weren't able to follow this up with plume figures or 
contours of projected concentrations showing where these harmful levels might 
be found. I acknowledge that there was a get together following the evening 
meeting where Stuart 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, I acknowledge that the ORA itself was not designed 
to provide this type of information, but to satisfy the informational requirements 
for the MIACC land use guidelines. However, this guideline informational need is 
not the same as the publics' need or desire for information. This is the whole 
point. Let's find a way to provide the information that the public wants and orient 
the whole process where necessary towards providing it. 



CANOXY • Bylaw 6762 
September 23, 1997 Public Information Meeting 

PUBLIC QUESTIONS/COMMENTS ANSWER 

1. Measurement of chlorine emissions/spills (low lev_el basis around plant) ~~JU:, . 
byGVRO . 
a) why not put In monitor? 
b) concern with frequency of monitoring - regular vs. annual? 

2. Riverside interseclion and one-way traffic flow proposal . ~ya,,Lov, a) what about traffic by Maplewood Pub, etc. • affect on patrons? 
b) how does traffic interact with CXV, recycling depot, etc.? 
c) what about raHroad tracks? 
d) Maplewood not In favour of one-way; prefer lo keep Riverside 

open. 

3. Concern with CXV reporting spals ~~(9Lt/~-
a) what are the requirements/regulations? 

.- b) who Is responsible for damages resulling from spill - CXV or 
District? 

c) what about effects of spin on other side of inlet; speclflcally, 
systems tor alerting residents? 

Ooaltrletll No: 98755 



4. In the event of a chlorine release /4~ /~___p--, a) how should the public react In event of a chlorine release, i.e. 
what about sheltering, those in vehicles, best advice? 

b) if concentration of gas does get high {in your 'shelter'), how do you 
protect yourself? 

/i)35 C) what is the responsibility of other employers in the area (other 
than CXV) for training employees for an emergency? 

5. Dollarton realignment • -
"'(..k, ... -~-· ,,-~--t,t1 

a) whal is the benefit? ,- . 
b) why not expropriate CXY land for the highway? 
c) what came first • business parl< or realignment? 

6. How safe are the valves on the rail ears? .~1-'-y' ,.::::tcf·:ty,,'' 
I' 

~
' , , " 

are the two 600 ton tanks still in place and still in use? ~ , &·-.,,. j__-,,._. / •" '.,; :, . ,:: . 
7. a) ~~;' • ~ 'Ur-c•-,.,~.-. I ,":.{- i ~.:,/.,.;E~ .... .,..--1.;_ 

b) would the tanks be used again & why? 
. . 

. , 
c) what would be the risk? 

,' . 

8. We should develop better egress into the area before more a -: ,1r.✓,. -~-:!'.'e'r:.,,:l--1 
development, such as another Seymour Crossing, 3rd crossing, • - / 
dedicated lanes into Cove to avoid bridge line ups. Is there residential 
development planned for this area? 

Dorumenl No: 98755 



9. a) what Is the present zoning tor CANOXY? ~~1 
b) would a business license be approved today for this plant? 

10. a) what are the health effects of exposure to chlorine? ·1->~~ ::%:'7111,t<>M . . 
b) why have we not studied (and presented) information on how / .. 

chlorine would disperse In a release and what would be the I • 

✓~Ay·'(}~ .. 
concentrations In different areas (as identified on the map)? 

c) can that be depicted and illustrated clearly? 
d) why is that not here tonight? ., 

6dl!L~-1 e) what goes on down al the plant during an incident? ] ~~ 1) what is the Corporate response? 

11. Has risk assessment included a scenario involving explosion from a C\4~ Ui1~~/~u-,Y c~. 
propane storage on a neighbouring site or in transit through the area? 

~ ; . 
12. Concern with integrity of workers. All industrial users could get out ot the ~ ,, ~---~ f/ ~ -

area and leave residents in peace. It would make a great park 'Y,• U-1 , ~ . ¼-1.,,t-!' Y,fr~ ~'J)--r-<"'.!./ 

.. ~-.• ,. .J/ ~ • 
Safe workplaco • wofi<er feels safer In the pla~an driving down Mt. 

t- .. ' .. ~ . .~, • .• ;· '/ 
. , I . • 'f'I ,. • •' ~ - '.I . ~ J .. • 13. .id'-;;' tlJ.Y-., e.'lt. (,.~•7V41"',L,(,yV'-?v." t,..i. .... VJ.: ..... ~,. c...~ '-C~~-

Seymour Parkway. 

14. a) what to do when there is a chemical splll? fa 0~ ... · /d)SS ~ •) ~:~ 

.,., b) what about an earthquake scenario - when windows may be blown I 
oul? 

Document No: 9a755 

·' ' ,. 



15. a) who will benefit from 1he business park? 
b) are there disadvantages? 
C) has it bee:1 taken Into consideration that new businesses will bring 

existing staff from outside the oommunily? 
d) how much more development can we take? . . 

16. a) how do risk assessments differ from this community and, for 
example, Seattle? 

b) what about the role of the EPA or other regulatory bodies? 

17. a) what is the difference between public meetings/hearing? 
b) Is Council here to make a decision on anything tonight? 

18. Would the District expropriate private residential lands to make way for 
Business Park/realignment? 

19, a) what is the cost of realignment? 
b) have oplions been considered, such as overpass and make 

improvements to the existing Dollarton? 

20. a) what Is the ratio of latalilies lo injuries In chemical exposure 
incidents? 

b) what are the different effects of Injuries and the costs of medical 
care? 

c) are the effects permanent or lrreverslble requiring expensive 
treatments? 

J;~/M'f 
.. 

-. 

~~~~ 

/4 ' ,-7 

~fl,,-.-, /a-~; 
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27. a) public process for rezoning has been undermined by work to date ~ ~ -:~~-~ ~~--~ on realignment. 
b) need for Improvements lo transportation routes, but phase ii as ''Jf-'1;'~,, a,( •'-",.,a~,w" ~ _,,~. 

follows: phase 1 • bridge; phase 2- realignment; phase 3 
development of Business ParWCXY site. . . 

-- . -

28. a) what Is proposed for CXV if rezoning does not proceed? 
_z;u,P;., ~7 b) what are the differences between existing and proposed zonings 

for CXV land? 

29. a) what are the factors around risk contours ending at rail llne? -J.~ ~11'1L#.,,$,,.~1/~-~ b) would staff approve the set up of this operation today? 
~.,.,~~ c} why not work with CXV to phase out operations? 

l)(ICUmenl No: 98155 



' -· 

21. How could the District spend money on the realignment before the public -.au-ye~. 
hearing? 

22. a) in what form are the results of the Quantitative Risk Assessment? ~iJ/4/;, /~avj1i,,/ . . 
b) are summaries available? . . -· 
C) what does it mean in a nutshell? 

23. a) would staff recommend use of MIACC guidelines in future land 
Zh,1~<'-1/ use planning? 

b) Is there a frame of reference for 1ow densltyff? ,' 

24. a) chlorine is net benefit to society, but why ship It'? Produce and 

~,v d/~ ~----7 use on same site, as in Europe. 
b) don't see margin of error confidence identified In report. Have 

obscured rlsl<s (helicopter crash, sabotage) been considered? 
c) Is community comfortable with these risks? 
d) would you put a plan! such as this In this location today? 

25. a) how many people were laid off when Squamish plant closed? \h.~j-.6~~v!-<7 b) why not keep it open and close North Vancouver? 

26. a) what are the long term plans for the surrounding .areas (Port 

Z..w¼~I lands, International College, etc.)east and west of the CXV site? 
b) All will produce traffic. 

Oocumen! No: 98755 
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Last great 

I quake hit 
B.C. 300 
years ago 
Scientists find proof in the stumps 
of dead cedar trees along the 
CQpalis River near Olympia, Wash. 

LARRYl'Yl\lN 
VANCOUVER SUN 

COPALIS BEACH, Wash. - After a 
decade of research, scientists say they"ve 
found confirmation on this side o( the 
Pacific· that the last great earthquake to 
strike B.C. and parts of the U.S. West 
Coast occuued almost 300 years ago. 

The proof lies in an innoouous patch 
of tree stumps on the Copalis River.,.... a 
brackish slough feeding the Pacific 
Ocean about 100 kilometres west of 
Olympia, Wash. 

Japanese reseachers reported in 1996 
in the journal Nature that they'd calcu­
lated, with the.help of tidal-wave 
records, that the quake occurred at 9 
p.m. on Jan. 26, 1700. 

But until recently, there wu no proof 
in North America that supported their 
theory. 

Then. on the Copalis River, just one 
kilometre upstream of what is today the 
quiet community of Copalls Beach, re­
searchers found a place where old• 
growth western .red cedars and·Sitka 
spi;ucc once thrived on rich riverbanks. 

They also found that as the land col­
lapsed by about a metre during the last 
great quake, the ancient trees became 
submerged in tidal saltwater and died. 

Although the spruce trees have largely 
rotted away, the cedars have proven far 
more resistant to the natural elements, 
especially the root system, neatly pre­
served by three centuries of tidal mud. 

"What makes this place so graphic is 
that the forest is still sticking up," said 
Brian Atwater, a geologist with the U.S. 
Geological Survey and an affiliate pro­
fessor at the University of Washington 
in Seattle. "'That almost never happens." 

Donning bright-yellow waterprodf 
gear, Atwater waded cbest~eep into his­
tory. lowering himself into a coffin-sized 
hole in the ground next to a 20-metre­
higti cedar stump. Using a small chain­
saw, be cut off a chunk of root the size of 
a Presto-Log. · , •.• 

"There you have It," he beamed ~You 
can see how well it is preserved." 

Uslng the growth rings still visible in 
the roots, scientists have been able to de­
termine that the cedars died shortly after 
the fall ofl699, which, supported by ra­
dio-carbon dat~ proved a match to -
separate research into an equally myste­
rious _pheI\omenon that took Japan by 
surprise in 1700. 

Ancient records obtained by the Geo­
logical Survey· of Jaran and the Earth• 
quake Research lnsotute of the Univer­
sity.pf Tokyo slio:wed a tsunami, or tidal 
wave, struck a:rleast five villages durlµg 
tbatperlod, • I 

• But there W3$ 'no similar evidence Qf 
an earthquake in Japan, suggesting the 
tsunami had originated across the Pacif. 
ic. • _.. ; 

Toe·Japancse:cal!=ulated the tsunami 
originated in the ·eascadia subduction 
zone some 10 hours before the villages 

. were hit • ore le i!> 
· pin •• ·t111:·11me O e quake on e 

oth .side·oft4e Pacific. . 
. he·qu·ake:•was .huge - lasting 

ute'odonger and reglstimug in th 
of-9 on tlie Richter scale, almost 

1 timj!S mote 'powerful..tban the 198? 
.Francisco· quake, wbicli hit .7.1 ~d 

ca • $7billiosiUSdamage. • 
: . It • dn1t ·bav~·ll.D_epicentre as we kno 

it, bu ruptµr~ ilj_e entire leogth of , e 
Case • suMuctton zone - th tnt 
on the • fioo twhich uan de 
Fuca: J,>.late t;Scends beneat the North 
Amencan ·plate, stretching some 1,000 
kilometres'froin the west coast·ofVan­
couvefisland to northern California. 

• Along·with the.rumbling and creaking 
of the earth:s surface, the earthquake 
created the tsunamis, powerful waves, 
that rushed east and west across the Pa­
cific pcean at ~ speed of a passenger 
jet • • • • • 

: While it was the ·earthquake, not tlie 
tsunami, that caused the land to drop 
and kill i>ff the~ trees on the Col)alis 
River, there's evidence there, too, ot the 
gr~t mountain-of water that briefly ~ 
uhdatedJ!)e land. • 

Chewipg into the bank with a small. 
army shove~ Atwater held·out a sample 
that clearly: disp}a~ three oeat layers: 
• Brown organic earth in w~cb the cedar 
trees once grew; a layer of grey sand de­
posited at the moment of the tsunami. 
and a final layer of olive-colored mud 
deposited by the· tida)' forces over the 
past 300 years. • . ; 

While no such spectacular evidence 
of the great quake as the Copalis. cedars 
has been found in B.C., Canadian re· 
searcheis have found similar soil layers 
at Tofmo:and Ucluelet; as well as sand 
volcanoes~ thin vertical veins of sand, 
up to .five metres '1eep 7""' on exposed 
soils iri drainage ditches on the Fraser 
River delta. • :. . 

The sand volcanoes indicate a violent 
shakirig of the earth- . • 

As well, aboriginal people on Vancou· 
ver island have supplemented the pure 
science with an extensive oral history, 
telling of a giant and terpfying shaking 
of the earth one winter rught long ago. 

Fo, geologists such as Clague, the big 
problem.remains that of forecasting the 
next megathrust quake. 

'"r,hey don't go off like clockwork,• he, 
said. "For some reason, they don't have 
that regularity. and that's·what makes it 
difficuft" • 



October 28, 1997 

Mr. Irwin Torry 
Manager of Planning 
District ofNorth Vancouver 
355 West Queens Rd. 
North Vancouver, BC, V7N2K6 

Dear Mr. Torry, 

Re: Question about CXY's QRA & Arthur D. Little Report 

Corrie Kost 

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, I 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 1 0parts•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 a month. I 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 risk assessment. 

2. In conjunction with the above I should like to submit for the record (and have it verified by the 
appropriate 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 
3 meters above ground level) at the lethal dosage of 1 000ppm is one worthy of consideration. I 
have calculated this to be about 30 km2

. The calculation was done as follows: 

300Tons ~3* 108 grns 
lmole ofCl2 (ie. ~ 70gms) occupies 22.4 litres in a gas state at STP 
300Tons thus occupies a volume of22.4*3*108 /70 litres 
Diluted in volume to lOO0ppm would expand this by 1000 and since lm3 =l000litres the two 
factors cancel nicely to give a volume of 22.4*3*108 /70 m3 

Dividing by the height of3meters gives an area of22.4*108 /70 m2 ie. 32*106 m2 ie. 32km2 



Now one can readily generate the following areas for different densities (ppm) 

Parts-Per-Million HEIGHT (meters) Area (km2) 

1000 3 32 

1000 10 9.6 

1000 30 3.2 

300 3 107 

300 10 32 

300 30 10.7 

100 10 96 

100 100 9.6 

10 10 960 

10 100 96 

It would be informative to know the 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 IO reduction in the risk assessment from the previous 
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 

.. \district\canoxy\le281097. sam 



October 23, 1997 

Mr. J. hwin Tony 
Manager of Planning 
The Corporation of The District of North Vancouver 
355 West Queens Road 
North Vancouver, BC 
V7N2K6 

Re: Additional questions on CXY Chemicals' QRA. 

Dear Mr. Torry 

I understand that on October 30th, the District has organized another public meeting to 
discuss outst.anding questions on the QRA with representatives of BOV AR Environmental, 
CXY Chemical and Arthur D. Little. 

( Please submit the following questions to the parties concerned. 

1. In the 1994 QRA, the "Maximum Downwind Extent of 1 % Probability of Death" at 
wind speed of 2 meter/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 
downwind range of about 8 km at a wind speed of I mis, and the 1997 report shown a 
range of over 14 Km for a wind speed of 1. 5 mis. 

For comparison purposes what would the 1997 "Maximum Downwind Extent of 1 o/o 
Probability of Death" be with a 1 meter/sec. wind and why such a large difference between 
the 1994 and 1997 reports? 

Could BOVA.R also produce figures for 50% and 100% Probability of Death? 

2. The 1997 Updated Report did not include the "Worse-Case Probability Death Contours" 
for 1 mis winds (see 1994 QRA, Figure 6.6). Other wind directions should also be 
included e.g. West, South-West, South and South East. 

3. Since the prevailing winds at the CXY plant are easterly, it seems th.at even a relative 
minor chlorine spill at the plant would affect traffic at the Second Narrows bridge and 
connecting highways. Driving into a minor chlorine 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? 

4. What are the suggested population densities in the lv.CIACC guidelines for the Hr5 to 10-6 
risk zone (Commercial, offices and low-density residential)? 



I 

5. There was a lot of discussion at the September 23rd Public Meeting (in the afternoon) of 
taking shelter at home during a chlorine spill. Apparently one has a good chance surviving 
a chlorine release by staying at 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. It is also well known that the home is often not a safe 
place to be after a large earthquake (gas leaks, falling beams, after shocks etc.). A home 
without windows wouldn't provide much of a shelter from the chlorine cloud anyway. 

Was the above considered when calculating the Risk Assessments? 

6. Calculations on the "Estimated Consequences" of a chlorine spill would be more useful 
than the Risk Contours. Estimated casualties from chlorine inhalation under different 
scenarios considering the populations residing in the effected areas and the atmospheric 
conditions a the time, e.g. Large breach of the 300 ton storage tank, a 1 mis 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. 
Different atmospheric conditions should also be considered e.g. wind directions and 

wind speed. 
It could also include a scenario projecting estimated population in the effected areas in 

the year 2012 (in 15 years). 

7. If a chlorine spill could be attributed to an act of God ( e.g. a large eaith quake) who will 
be held responsible to pay for the damages, clean-up, etc.?. 

8. The BOV AR 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? 

Yours 

Cas Bohlken 

cc. Ross Peterson, North and West Vancouver Emergency Coordinator. 
cc. Come Kost, FONVCA 



EMERGENCY PlANNINC AND RESPONSE 1-<tp://www~oafemttt""J',htm 

lor2 

1. Pamphlet 63 

I 
Pampblet64 

EMERGENCY PLANNING AND RESPONSE 

----~---- -- ----------~-----
Fiest Aid and Medical Management of Chlorine Exposures, 

• Edition 5, May 1993. Gives recommendations on first aid 
and medical management of chlorine exposures. (6 pages) 'i 

j 
Members $2.50 Non-members $5.00 ~ 

Em~~Y Response Plans for Chlorine Facilities, Edition 4, I 
November 1995. Includes information es.~ential to the 
preparation or updating of formal, written emergency control 
plans applicable to chlorine-producing, chlorine-packaging, 
and chlorine-conswning facilities. (41 pages) 

Members $12.50 Non-members $25.00 . 
l --1----- -..--------~------' 
:( 

ii Pamphlet 6S 

I, ------

j Pamphlet 73 

Personal Protective Equipment for Chlorine and Sodium 
Hydroxide, Edition 3, November 1995. Provides information i 
pertaining to certain personal protective equipment used in 
the manufacture or handling of chlorine and sodium 
hydroxide. (34 pages) 

- --.. ·-, Members $12.50 Non-members $25.00 
I 
Atmospheric Monitoring Equipment for Chlorine, Edition 5, 
May 1991. Discusses experiences of Cl members with 
monitors and techniques involved in installing a successful 
chlorine monitoring system. Provides listing of known 

'-··-·- .. ···--··-··· .... ····- - - l_moru_·to_n_·n_g_eq_m_·pm_ en- t~e_n_d_ors~_·_(_4_1 p_a_ges) L ____ __ I Members $1S.OO Non-members $30.00 

Estimating the Area Affected by a Chlorine Release, Edition 
j 1 2, February 1991. Provides color graphs showing 

UNDER REVISION (Edition 2 downs~eam chlorine plots at 2S and 10 ppm for 14 different 
J available for sale) Pam hlet 74 scenanos. Useful_ for small _Producers, use':8 and local 

1 
P emergency planning committees for planrung purposes. 

Three atmospheric conditions are shown for each scenario. 
(32 pages) 

r · ---- --- . - -····--. -- .. ·---~~~-rs-$_1_?:?.~~~iin~~s-~;~- -~-~- .. ,,._ __ ] 

~ I Flyer: How to Get Help in Chlorine Emergencies. Card 
I CHLR•l CHLOREP j outlining the CHLOREP program and giving telephone , 
, ! contacts for the CHEMTREC (US) and CANUTEC (Canada) 
l I summoning systems. (Available in French upon request) l 
f,--------------i~- -·~----~--~-~- =~--......., 
! _____ _______ ] F:~~------

3127/918:12 AM 

£MEllGENCY PLANN1NG AND RESPONS!l 

• CHLR-2 CHLO REP J Flyer: What is CHLOREP? 
' 

Free 

http#www.cl2,can/calalo~J.l1Un 

'~--------t -----····- --- ~ - - - - - 1 

2ot2 

I IB/A 

("' 

I , _______ _ 
IB/B 

r-

i REVISED IB/C 
~ 
? r . .._ .. __ -· ---·--

~ 
REVISED PUBLIC 

Instruction Booklet: Chlorine Institute Emergency Kit• A" 
for 100-lb. and 150-lb. Chlorine Cylinders, Edition 8, June 
1996. Provides instructions and illustrates the use of Chlorine 
Institute Emergency Kit "A." Includes complete parts list. (12 
pages) 

------! r.tembers $5.00 Non-members $10.00 

j Instruction Booklet: Chlorine Institute Emergency Kit "B" for I 
l Chlorine Ton Containers, Edition 8, June 19%. Provides 
• instructions and illustrates the use of Chlorine Institute 
I Emergency Kit "B .• lncludes complete parts lisr. (12 pages) 
l - - -u l Members $5.00 Non-members $10.00 
[ 

I Instruction Booklet: Chlorine Institute Emergency Kit •c• for 
i Chlorine Tank Cars and Tank Trucks, Edition 8, December ; 

-

119%. Provides instructions and illustrates the use of Chlorine 
Institute Emergency Kit "C." Includes complete parts lisL (12 
pages) 

Members $5.00 Non-members $10.00 

r Jostruction Booklet: Cl Recovery Vessel for 100-lb. and 
l 150-lb. Chlorine Cylinders, Edition 1, July 1992. Includes l complete parts list. ( 12 pages) 

Members $5.00 Non-members SI0.00 ---1 
Chlorioe Institute Public Infonnation Handbook for 
Emergency Planning and Community Right-to-Know. 1997. 
Collection of eight CI publicalions covering entire 
emergency planning process. Includes the Chlorine Manual, 
#63, #64, #73, #74, HEAL TH, CHLR-1 and SNAPSHOT 
(150 pages) 

Members $25.00 Non-members $50.00 

3/27/988:12AM 



( T H E C H L O R I N E I N S T I T U T E, I N C. 
Cl PU_BLICATIONS ORDER FORM 

THE CHLORINE INSTITUTE, INC. 
2001 °L" Street, N.W. 
Suite 506 
Washington, D.C. 20036 
(202) 775-2790, FAX (202) 223-7225 

Ship To 

Name 

Company 

Address 

Cily 

Telephone 

Cl Member? CI Yes CI No 

Item No. Title 

State Zip Code 

Fax 

Quantitv Unit Price Discount 

Subtotal 

Postage U.S., Canada and Mexico add 5% 

All other countries add 20% 

D.C. residents add 5.75% sales tax 

TOTAL 

Check Enclosed$. _ ____ Charge$. _____ _ CI Visa CI MasterCard 

Credit Card# Expires Signature 

Net Amount 

ws 
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EMERGENCY PLANNING AND RESPONSE 

I of2 

Pamphlet 63 

Pamphlet 64 

Pamphlet 65 

Pamphlet 73 

UNDER REVISION 
(Edition 2 available for 
sale) Pamphlet 74 

CHLR-1 CHLOREP 

I CHLR-2 CHLOREP 

First Aid and Medical Management of Chlorine Exposures, Edition 5, May 1993. 
Gives recommendations on first aid and medical management of chlorine exposures. 
(6 pages) 

Members $2.50 Non-members $5.00 

Emergency Response Plans for Chlorine Facilities, Edition 4, November 1995. 
Includes infonnation essential to the preparation or updating of fonnal, written 
emergency control plans applicable to chlorine-producing, chlorine-packaging, and 
chlorine-consuming facilities. (41 pages) 

Members $12.50 Non-members $25.00 

Personal Protective Equipment for Chlorine and Sodium Hydroxide, Edition 3, 
November 1995. Provides information pertaining to certain personal protective 
equipment used in the manufacture or handling of chlorine and sodium hydroxide. 
(34 pages) 

Members $12.50 Non-members $25.00 

Atmospheric Monitoring Equipment for Chlorine, Edition 5, May 1991. Discusses 
experiences of CI members with monitors and techniques 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 Area Affected by a Chlorine Release, Edition 2, February 1991. 
Provides ~lor graphs showing downstream chlorine plots at 25 and IO ppm for 14 
different scenarios. Useful for small producers, users and local emergency planning 
committeesJor planning purposes. Three atmospheric conditions are shown for each 
scenario. (32 pages) ~ 

Members $17.50 Non-members $35.00 

Flyer: How to Get Help in Chlorine Emergencies. Card outlining the CI-Il.,OREP 
program and giving telephone contacts for the CHEMTREC (US) and CANUTEC 
(Canada) summoning systems. (Available in French upon request) 

Free 

Flyer: What is CHLOREP? 

Free 

09128/97 22:59:53 
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llrtlur D Little 

Fax Transmittal 
To: Irwin Torry 

Date: October 15, 1997 

From: 

ADL PROD TECH 

Environmental, Health, and 
Safety 

Ifil mxnm,Ifwrg;J]) l 
OCT 1 5 1997 

PLANNJNr; DE?T 
DISTRICT OF N. VAN. 

Arthur 0 . Little, Inc. 
Acom Park 
Cambridge, Massachusetts 
02140-2390 USA 

Company: 

Direct Number (1) 617.498.6120 
Main Number (1) 617.498.5000 
Fax (1 ) 817.498.7161 

District of North-Vancouver 

Fax Number: 604-984-8664 

Location: 

Total number of pages (including cover): 1 

Irwin -

Here are my responses to the two questions you sent. 

Corrie Kost 
I am not aware of any failures of similar tanks in recent time. Historically, there have been reported 
losses from chlorine storage tanks, although without specification of tank design or size. For example, 
there were incidents In France (1926), in New York (1929), in Romania (1939), and in Finland {1947) 
that all reportedly involved 25 to 30 tonnes of material. There was a release in Louisiana in 1976 
following an explosion, but no quantity was provided. The design, size and condition of these tanks 
is not discussed in the data tabulation. 
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Bad for 
business 

Dea.r Editor: 
No hew is being paid 

by local politicos to the 
North Shore winning a 
contest as the least desir­
able place in Canada to 
own a business. 

The Oct 5 issue 
demonstrates why West 
Vancouver came in at 
below zero in attractive­
ness. A simple business 
licence application to open 
a bed and breaklast U1 a 
home has activated the 
bureaucracy into advertis­
ing a public bearing to 
investigate the matter 
thoroughly. ' ' 

This 1s a concrete 
.example of one · of the 
thousand pins and needles 
that the three North 
Shore municipalities stick 
into the back of free enter· 
prise. 

It's also an example of 
why our taxes are ·so high. 
It costs a lot of money to 
hold these impromptu 
soirecs so that neighbor­
hood busy bodies can 
cluck about · someone's 
effort to create employ-
ment. • 

I wonder if West 
Vancouverites know that 
they are being laughed at, 
not with. 
John Edwards 
North Vancouver 
cdwards@direct.ca 

Chemical queries unanswered 
Dear Editor. 

Re: Article on CanOxy 
redevelopment plans, North 
Shore News Sept. 28. 

The recent News article 
that covered the open house 
meeting on the proposed cede· 
velopment plan by local chlo­
rine producers CanOxy.did not 
teU the whole story. 

Your writer summarized the 
plant's redevelopment plans 
and risk assessment very well, 
yet failed to document how the 
public resoonded to the plans 
at the open house. 

As the article pointed out 
there was approximately 50 
people.at the meeting, yet what 
was not covered was the fact 
that evcry·~akcr had impor­
tant questions for plant opera­
tors and the assorted cast of 
technical experts, with cegacds 
to how safe the ·plant's redevel­
opment plans and operations 
are for the: conunll(llty. • 

The foll~ing ~ .some of 
the issues raised· br the public 
and from what observed, 
were not properly addressed by 

plant officials and cxputs: . 
■ In the case of a major earth­
quake, most windows of sur­
rounding houses would be 
blown open: To that end, how 
do they expect residents to 
shelter themselves from winds 
that could direct chlorine gas 
their _way? . 
■ Since the plant manufactures 
a hazardous substance close. to 
a commwuty, with resultant 
negative impressions ( smell 
and risk) to in-coming resi­
dents, has CanOxv done a 
srudy to see if its operations 
affect property values in the 
surrounding neighborhoods of 
Maplewood and Seymour? 
Will they compensate home­
owners if property values are 
proved to be diminished 
because of their operations? 
■ Because there J:S no protec­
tive buffer zone arouna the 
plant ·(ie: no development), 
surrounding industncs, ie:· 
Allied: Shipyards and otheis. 
west of the plant), would be 
subject to a risk that is higher 
than acccptible • . Canadian 

guidelines, how is this reconcil­
able with CanOxy's current 
operations? . 
II Since the amount of chlorine 
stored on site has chan~cd, 
when can the public see revised 
plume maps that will indicate 
how a full chlorine release will 
be affected by northerly wind 
conditions directed at our 
ncighborhoocW 
■ If the CanOxy plant was to 
start up operations today in the 
North Vancouver District, they 
would be denied a hu~iness 
licence because the manufac­
turing of toxic chemicals is not 
acccP.ted by today's zoning 
standards. To that end, how 
can the plant ethically and 
responsibly continue to push 
its operations as a viable mem­
ber of the business community 
and not accept a phase-out 
plan? . 
■ Based on the fact that 99% 
of the questions at the open 
house were ~robing and nega­
tive, I think 1t is fair to say that • 
the public is stiU not comfun­
able with CanOxy's operation 

Seek new voices and ye shall find them·· 
Dear Editor: 

Seek And Ye Shall Fmd 
Department. 

I love it: on page 9 of the 
Oct.IO North Shore News 
there's Stephen Aberle fulmi. 
nating that your lettm to the 
editor pages should demon­
strate "free speech" by giving 

space to "screaming queen, 
bleeding heart minority lovers, 
militant feminists and the angry 
poor." On pagcl0 there's con­
tributing columnist Sandra 
McKenzie wringir)g her politi­
cally correct hands about the 
emerging strength of the 
Promise Keepers mov~ 

across North America. 
Stephen Aberle: meet 

So.odra M&nzic! 
Andris Nc:imm 
Bowen Island 
102345.31~ 

and the information that the 
plant is supplying to the public. 
Ross Muirhead 
Director, Friends of The 

Watersheds and a 
member of CanOxy's 
Community Advisory 
Panel 
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Chlorine plant meeting draws 50 
. . - . . .. 

• l'llll!l!":l'-'!'Cll-~'!f'!'.'-"!"'IIJ'l'Pl_'!'l1'31 __ 1:1""1 ~ .._ l - 1"•_: " • -<· r • ' Bcitdli~• I.:'·,.• 

Sparse Crowd . - ~ . . '" ... ' .. p ·-. • 
. . . ·.if . -•·:- • • ,·, ,>;.. ":., . • : • _Bm~cn ~ed up __ her 

• 1 · t ~~!;~ • ., l'CVI.CW of BovaiS·,COnclUSIOll5 r~uses p an '' :t;:; bysaying~t_so~e'offtic, baz-. f ty • ' · • -=,-.,-M::l·• , -~ ~u_enacs may have bcin 
Sa 8 ISSU8S ~ . · ~ -. undciestimatt.d while consc-

,. '· · : li~~~~~iJI~~[: -' . quences µiay have been ovcres-
By Robert Galster • ..;.. nmatcd.. . _ 

11 ..,; • • • ~. , __ -• r "Ta,king .them .. ,togctb.er, 
Nn,s,-r111'tfr , . • .r.,c :-::_,:""" ~ ·::... .,:'_. • -•,· · b_ringirig it iJ.u:o-a. risk~-
robert@nmei,,s.&1Jm • .., • • - , ~ • • • - ·ment ••that risk estimate ill 

'A· North:Vancouver:~ _, <· _· ; :. ' J - judged t9,'be 'a reasonable rep-
• • • • • • • . • • ~ • • '._,~ • - rcscri~ori .of the risk assoclat· DJStrictssponso~-pub- • .· ·'. . c ~, s-... '"th'·:.i.1 .Lt . . " . · .•• 

Ii info • • , • ""wi . u"" =onnc opcr.inons 
~ rmatiO!l ~ •·_'!-,, a~ ~c ·MapJc:wo.o<t!=hlorine 

last Wedn~a~ ev~~ • /I'l l~., · :,· plaii't( • :conclud~ Bcml.~cn: 
drew 50 concerned a~~ . -"'·""~•i~~ ..::i I u, However, Bcndixcn's wnttm 
zenstohear"YIV'" .., · • lla@j~j~ --~ .-•. ~~<:.. rcponalsonottsthatthearca , • :• : -r-• -~·-- :- • . ~ • ·." tci .the ·west · of the . CXY 
op101on. on .the_ eff~ ~. :, _, >C· > • :. -~ _;,~ Chcniicals • 1anc is ·at a highei: 
?f chl?nne. i.,roo~ctton , ~. i :! : ; '\:~\ ruk leve;I t!il:urught ~ d~ed. 
1,11 their ~mmuruty. • • . i:(-, • .,:.. "This IS a very criocahssile 
.. ~ But some left. the mcctiJig. ~..:l~iim ' . ;, and has to-be handled correct-

less than satisfied with. what . ly,':' said Carolan. 
they heard. WC;dµ~y'f ~ eting ,fca-

- "A lot of people ~ ti:<! ~o- turcct,. (.Cl)r~~Vf's_'Of. <t,XY 
hear -a ·doSU1g 4atc.;"".said -- Che'rflicals·af\d-~us. emer-
,Col!II, Trevor Caro~ who,,. l ~_,. , gcncy ' scrvjccFcmployccs • in 
attcn~edt1t~·evcningscssl.oti. -'. ' _ 1 -:...,, ~ -- - - ·-. •~-, addition_tothe -di,mict!sst:aff 
"'But they.didn't get one." ;- , . ··,. ~- _ . .,.,-~ ;" -- .• = ., 

0 
• • , members . .' ,•:· , , ,_, --

-~~t•~ got was ~c rctt· ;:_ ~ • .• _ - -: . .. ~ "'"'·..- ... ,.-- , ..,,..,. _ . .,.· . . . d_"Jtrc:isa~:~,:~t-pdroed: 
·aatt(!n of anJnde~gd~nt .~. • .. . •.f •• .• ~.:~-- i ,:.: , ,.;: ·- • . _, :-;:,,~~- . , ___ , . -r:c:. '':. -. ,..·. :'NEW$J)balot1a..Wololtleld uc~_toXlc-.ma~,--~ adc 
~cw ~ntractecl to 'Arth~i:~•~ .... ~•·-;~~~::-i~-·~·~,.~- ... : • " ~- 1• ;..~"l• '"'~ •...,, : .~ .. r :?-1-~ • ~-~:;:~-;~~ .. V ~~ .. /~°'\,s.c .. ,( ·.,. • .... : .. * .. ~.,. Caro~·. "HoW: do we liv~ 
D: ~ -.pf Canada ~ -"I:lic • CXY Chemlcals loader Kym Kostiuk ls.one Of 170 empfoyees afthe North Va~r-~mpany~ plant. A recent put>- . with a:. dr.igon Ul:,thc,:.~cigh­
stndy tEiok more than a y~ tQ·" lie meeting gave the area's residents a chanc_e to ask que~ons of both complllJY executl~1tnd local potltidans; borhood? ¥ou-Jive.¢auttously .. 

.-'#~~~;~~~:~!~:.-~~~c·a,i:-~~f.~~:_::j~'~·;_P.jq~\:m,<l·~~~: . -~:blc-~:~~~~~~ t~~~:;~~: &,:1/ ~ ~-~~e : t~~~mp-~~~~~i~# 
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=of!hc ~ Naii.61;1al. ,.~·:-:.reali C'.9t <~f..;·tfie , pt~ttd. the' original assess- • resf~ deyd ••• , •· • OOl,ild . J,SOJ)tooncs; · -,~ .. ;,, !'~ ... -.: lanfs ·run m\957;,f , • 
Railway (CNR) right-of-way • Do~n '~~ wquld . maif of_ chloriric safety risk to • pr~ -~~ 1~ ■ 'di:sto!!llll:uing th~ use _Qf a • 1:· f.: :rlk ~eatjn-':o'n: the 
aqd_ owned by • ~a~'?.' . place 1t on ~~Oxy land the public on ~ot'CXY. . . north of~ plarii; ,:;:-,~.., barge with ~ --~ :.tonne . ~bfc· rc1,0rung o1the.lands 
Occidental Petroleum lil;tltxd and allow the #ict· to make On Tue;day night, ~cil ■.~ .b.Jid .~ :_'1:Voul~ -·, ~ _tank, for shipplJlg . chlo- adJ~t ti> the plant has yet to 
(CanadianO~)- • \. • better use of:ilS .adjacent land was told Bovar had updated be'.:~ble beyond ?{)Pr<>Xl- nnc; . . be set. In addition to.Carolan, 

The land IS unused and lies • holdings for a long-~ that risk ass=rnent based on _n;iatcly 600 ti! ,?O.0~mcrres • ■ mi:Mng a propane storage ~OWicillors -1.ki Muri ; and 
both i!,IS,i!k an4 outside 9f ~ . ' ~usincss J>Uk::-· • . . · . •input from Arthur Littlc~s indc- -~ of the rail linc,\ . ~ . • ·tm1c to a more remote kx.aii.on Ernie C~t y.crc ·,~ at the 
plant. operated , _by _-;_ -Jf~wningchangcs • pcndentmiew·bmthat'~bad 'Bovar's -risk ~nt on~esite.. . Wcqn~ynightmecting.- .· 
CanadianOxy at 100 Amherst ·,.were .to •:,. be approved . rached the same coodUS1ons: notes three recent unprovc- littlc's independent rCV1ew • ": . , . 
Ave. that produces mainly'dtlo- --·0madian0x}i would be able to • ■ rnanu&ctw:irig ., ind open· • nicnts to plant safety: -:· .. • of Bovar's updated risk assess- . - with To/4nd!f • Wimito 
tine a.1 well as caustic soda and • sell or develop its'lands ror light • space development· wou1d be ■ reducing plant inventory of mcnt was presented by Lisa 11ntl Martin Mi/krehip ·. . -, ~-



CHANGES TO PLANT OPERATIONS 
CXY CHEMICALS, NORTH VANCOUVER 

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. 

September 1997 
RESPOHS"tl.ECNE 

4 TQW.OOl,M1'Wi"1" 



Resource People for "Question and Answer' Period 

Irwin Torry Manager of Planning, District of North Vancouver 
- provides planning advice to council on land use and 
zoning issues. 

Ross ·Peterson Coordinator, North & West Vancouver Emergency Program 
- Undertakes planning with the municipality and provides 
municipal emergency response to accidents, including the 
Community Alert Network. 

John Billham Plant Manager - CXY Chemicals, North Vancouver 
- Responsible for plant operations, in particular, plant 
improvements since the 1994 Bovar QRA study. 

Jane Fleming Land Manager for Canadian Occidental (CanOxy) 
- Managing CanOxy's rezoning application. 

Stuart Behie Bovar Environmental - Operations and Safety Management 
- Responsible for risk assessment group that conducted the 
Quantitative Risk Assessment (Q}lA) and update. 

Lisa Bendixen Principal, Safety and Risk - Arthur D. Little Consulting 
- Responsible for the peer review of Bovar 
Environrnental's Quantitative Risk Assessment. 

Terry Litchfield Transportation Manager - CXY Chemicals 
- Responsible for transportation of chlorine and rail car 
safety. 

Gerry Carlson District of North Vancouver 
- Undertaking planning of Dollarton Highway, Bridge, and 
Riverside Drive Intersection improvement. 

Bob Shuback Structural Engineer - Hooley & Shuback Ltd. 
- Conducted structural assessment of chlorine storage tank 
under earthquake (seismic) loading. 

Elizabeth McDonald Manager, Occupational Hygiene, Analytical Services 
Laboratories (ASL) Ltd. 

Ken Stubbs 

Nimet Alibhai 

- 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 
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Artlur D Little 

October 16, 1996 

J. Irwin Tony 
Manager of Planning 
The Corporation of The District of North Vancouver 
355 West Queens Road 
North Vancouver 
British Columbia 
V7N2K6 

Re: AOL Reference No. 30728 

Dear Mr. Torry: 

Arthur D. little of Canada Limited 
67 Yonge Street. Suite 400 
Toronto. Ontario 
MSE 1 JS Canada 

Arthur D. Little of Canada Limited is of our 
independent review of Canadian O itative Assessment 
of Safety Risks, prepared by BOV , and submitted in 
August 1994. The District of North an ependent review of this 
risk assessment report in part because impo zoning will be based in 

Y large part OJ!Jhe coincide ment of the ri d the proposed realignment 
/ "- of the Dollarton Highwa ore, it is partic rtant that the Council be 

comfortable with the ac f he current stud gs and understand its 
limitations. 

This review was pe the repo nted as well as additional 
appendices and a nmH:Orw.a1: R-CONCORD Environmental. 
Specifically, the escriptions for Release Events, an 
August I 994 add ns with the Barge, and a May 1995 
addendum on th W onduct site visits to audit the accuracy 
of the report and th ed the information as presented. We also 
conducted sever 'J..111'1,1,1,1,Ci.-CIJ rsa ith Canadian Oxy personnel as well as with 
BO ON CORD Environmental . series of questions were provided in 

VAR-CONCORDE ental following our conversations and their 
ceived several we r. Our efforts focused on the soundness of the 

the reasona f simplifications and assumptions, in order to 
aps o tions in the analysis. 

I in this letter refl Arthur D. Little's best judgment in light of the 
available to it at e time of preparation. Any use which a third party makes 

of • ett , or any relianc on or decisions to be made based on it, are the 
respo sibility of such thir party. Arthur D. Little accepts no responsibility for damages, 
if any, uffered by any t d party as a result of decisions made or actions taken based 
on the formation co ained in this letter. 

• the identificaf n of hazards-what can go wrong? 
• the frequenc analysis-how likely is it to happen? 

Management Consulting • Technology and Product Development • Environmental, Health, and Safety Consulting 

OFF I CES IN 30 COUNTRIES WORLDWIDE 
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Manager of Planning 
The Corporation of The District of North Vancouver 

• the consequence analysis-what happens if 

• t)1e overall estimation of risks- which pull 
an estimate of the risk to the affected co 

ther to develop 

The methodology for each step was rev· ed ons made under 
each of the two operational scenarios ir ated: the approach 
and assumptions used in the consequen )iii~1in~~lu.d ibility/ 
applicability of the selected meteor teness and soundness 
of the frequency analysis/approac .ucr......., y values taken directly 
from historical data; and the yses conducted by 
Failure Analysis Associates taken into account in the 
overall frequency analysis. in each area on the overall 
risk estimates were also dete ithout recreating the entire 
analysis. 

General Comment 
As we examined t v • areas, we pai cular attention to the two scenarios 
that were identifi ary contribu sk: 

• the earthq d failure of a tank, and 
• a barge ta 

The importa to one ov~rall observation on the reports 
prepared by ntal. The base case and the alternatives 
have not been c ls of detail, making comparisons quite 
diffic he inc relate largely to the treatment of failures of the 
stora ks. In the analysis o case, the tanks have been assumed to always be 
full, • e analysis of th ives several different fill levels have been 
con the frequen nsequence analyses. In discussions with 

v • it was pointed out that it is common to start with a 
s case and then to increase the level of detail for the 
• """"'=- atives are to be compared to each other and the 

ut causes difficulties when comparisons are to be made 
base case. 

me that the analysis was conducted two ways, with no 
ns and therefore no changes in the frequencies of the 
first case all three storage tanks would be assumed to always 

ey would be assumed to release their full contents (either 600 or 
on the tank size) in the event of a major failure. In the second 

ry of fill levels would be used to determine the fraction of the time 
at about 90-95% of capacity versus 75% full versus 45% full versus 

. This second case would produce smaller risk contours than the first, 
and the urs could potentially be significantly smaller. 
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While the distribution for the current scenario (base c ght 
be somewhat different, it is interesting to note that urned 
for the 300-tonne tank in the alternative with the wed 
that 94% of the time the tank was less than half ry large 
spill (75% or more of the capacity) would be m an answer 
more than a factor of 10 lower than in the analy It of the fill 
level alone. If this same sort of distribution hel s, the risk 
contours could decrease significantly. 

Hazard Identification 
The hazard identification approach 
incidents that have occurred in the 
general indication of the range o azards ass 
but is not particularly helpful in cc nting f, 
one location more or less hazard s th ano 
simple things as the number of loading o n 
etc. It also cannot reflect t benefits assoc· 

s b the knowledge of 
e is approach gives a 

h a ular type of operation, 
- e • esign features that make 

-in onsideration of such 
ing ns, the length of piping, 

it risk reduction strategies. 

Given that the empha ort was on lo igh consequence events 
rather than all eve have·offsite i OV AR-CONCORD 
Environmental, bu licitly in rt), some of these factors may not 
be that significant, east cuss ion of the relative position of 
this operation vis-' le ewer or older technology? Simpler or 
more complex ope e e or less vulnerable to fires and 
explosion 

cuse@~hlorine rele ot QJe.n!!al_~~~e or hydrogen releases 
or t y subseque es or explosions. In the case of hydrogen, 

• ndicated that they believed that any chlorine 
rele gen explosions would be included in the 

\\ h. elieves that this is one area where site-specific 
~{ d portant role. 

proach that lessen our confidence in the results, a<; they 
e actua !ant design and operation to the extent that we believe is 

oach might not necessarily meet the requirements of a process 
nited States as required by OSHA. 

o be more concerned about the statistical significance of the 
its relevance to this particular operation, and no detailed 
vided for tf:le derivationof most the fr~uenc1es. Fm'1liose .,------·-- -



Artlur D Little 

October 16, 1996 Page 4 

J. Irwin Tony 
Manager of Planning 
The Corporation of The District of North Vancouver 

frequencies which have been estimated to be grea ( once in 
years) it would have been beneficial to compare plant 
experience. This would at least have provided a alism 
external data set. 

For example, for the liquid lines to the bar.~- • sed r of piping 
releases per producer per year was deter St"t~"'fTUt cons ferences 
between process piping and loadin • ths o ne producer 
versus another. However, the ra ery conse , based on 
typically pipe failure rates. Thu is more 1 • be over rather 
than underestimated, which is g further s the comparison 
of the base case with the altern nder d if there are 
specific scenarios, such as failing t of a sur ressure from the 

( 
sudden closure of a valve, that have a y. The analysis does not 
consider such events.) This same histori ailure also been applied to a 
failure in the liquefier o i in , without any real bas· ling for the amount of 
piping involved. 

Many of the smalle 
consideration. This 
been underestima 
underestimated. 

the risk contours close o the site boundaries may have 
if the consequenc <iistances have--been -· 

For the storage tanks, .he great t concern was isrnic damage and this was looked at in 
much greater detail than ,no....,,,uer modes off• • ure. Given the predicted failure rates, 
this focus n a single cause of failure is tho ht to have been reasonable. The 
applicati n of the predicted rates merits so e discussion, however. For the 600-tonne 
tanks, a e • basis earthquake frequen was determined (0.0021 per year) and then 
the ch e of 6 tanks failing given posure to this earthquake was assumed 

y by BO -CONCORD vironmental to be 10%. Given that it is also 
possib or only one ta fail, it ould seem more logical to also assume that the 
o erall fre ency of one of the tw tanks failing is 0.0021/year times some value 
be een0.l 1. 

e 600-t tanks also indicated that there may have been a number of 
errors ssions in th original design calculations. Several of these were thought to 
make th design more co servative, but one was pointed out as potentially leading to a 
reater le el of risk. N mdication of a follow-up on these points is presented in the 

report, pe haps becau BOV AR-CONCORD Environmental believed that these tanks 
re to taken out f service. This still poses difficulty in making comparisons to the 
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A separate analysis has been done of the 300-tonne sto ge tank. This ysis plicitly 
considered different fill levels and analyzed the response of th ' tanks at ea vel. The 
estimates given were for failing the tank in each ta , it w not necessar for 
BOYAR-CONCORD Environmental to determine separa se prob ility. The 
value calculated for the at-capacity level was used in e b e case analy ·s. This once 
again points out a difference between the a oach the base ca versus that for 
the alternative. 

Another observation on the frequenc • alysis is the te dency to di count those events 
which also require a secondary failu as an exce flow val e failure. In many 
cases this seems to be because the resulting uency i so muc lower than that for the 
original event even though the consequences are • h. . For th e events which do not 
have significant off site impac , the more serious eve • might tually be a concern, even 
at its'lower frequency. In res nse to one of our questions o rail loading scenarios, 
BOY AR-CONCORD Envir nment stated that the emerg cy shut down system 
would limit the amount of lorine eleased and that failu s of these systems would be 
a "double-fault with co ondi ly lower frequencies" However, it must be 
recognized that with some 1 more loadina o raf ns, there is a multiplier effect 
from the number of op,.er- • ) that can more t n offset a failure probability of 
0.001 per demand on,1m emerge t down syste , for instance . . .__, 

\ 

The conservatism in rent throug out the base ca was reinforced by the response to 
another of our questio Noting hat Event 5.1 ( il car breach) had the same value in 
both the base case and alt • e analysis, we ked why this was so as the number of 

uld increase from 1600 to 1735. W, were informed that the analysis of 
, erations used 1735, not 1600 rail ars. Given the low level of contribution 

/ made b)l e events, BOYAR-CONCOR Environmental did not feel that more 
/ precisi n was arranted. As presently an yzed, this is a reasonable conclusion, but in 
/ actuali y these ev ts could be more sig ficant if a more consistent level of detail were 
l appli throughout tn nalysis. 

An lysis 
. consequ nee modeling has be n performed using COBRA, which is a proprietary 
' based a well known a documented public-domain model known as SLAB. 

d. persion models· use today (including SLAB, but excluding 
• hydrod amic codes) are not uitable for performing dispersion calculations at low 
wind spe s. This is espec· ly true when the surface roughness of the ground (i.e., the 
irregularit es in the surfac -picture a smooth surface of a pond versus a gravel 
driveway) is high enoug that it effectively blocks the wind and contains the vapors 

itted om liquid po s of materials that are in a cryogenic state or which are heavier 
than air, limiting furt er dispersion. The use of D-stability with a low wind speed of 2 
meters per second a d E-stability with an even lower wind speed of 1 meter per second 
in models such as OBRA is expected to significantly overpredict the dispersion 
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distances. The effect on the calculated hazard are is thoJght to 
a factor of two or three. L 
The most significant concern we have ab approach 
used. to estimate the amount of mass in t eases from 
the storage tanks and the barge. The a f the flash 
fraction to represent the amount of en ;,..--......._c..;:,c:,,:___,,_.....::,..-i ated and has no 
scientific basis. More importantly e-formaterials 
such as chlorine as it underestima ·"""'n,,,,.a i:-::--"""'----t: . The correct 
approach is to base the aerosol ___ • sm, which for 
chlorine is thermal breakup, i 

The attached table shows t of lar sts of chlorine releases, 
as collected by the Center£ Safety vada Test Site. For a 
storage temperature of ab tables ughly 15% flash (F

0
) and 

only 5% or less of the material ca is is much lower than the 
report's assumptio % in the se. In discussions with the 
plant, we were told storag pe e about -22° C (251 K). 
According to the uld give a flash f about 5%, as assumed in the 
report, but the am ial in the pool roughly 17 to 20%, not the 80% 
assumed in the re ort. ·- ·-. ==-~ 

ould have be , to assume that 80% ( not 20%) of the 
' mass is airbo • in the clou inste of raini O out and forming a pool. This would be 

true for oth con • uous and nstantaneous r eases, and even more significant for any 
release rom a heigh · o meter or more droplet evaporation then becomes 
signifi ant as well. This difference in ma in the cloud could lead to a significant 
unde re • tion of hazard distances and reas that could more than offset the 

f the selected meteorol ical conditions. 

I • tic me that an earthquake that is capable of failing 
• them. However, given the other comments made 
• e initial cloud, this is not a significant issue . 

.,.,.,..._~:,....ima on 
·c p ocess used appe s to be sound, and the development of risk contours is the 

most me ingful measure r land-use planning purposes. Given the relatively limited 
distances or the risk con urs, it is also reasonable to not take credit for evacuating any 
of the exp sed populati 

• ce th same appro h seems to have been used in each addendum, no additional 
comments have bee made on these various documents. 
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Overall Conclusions 
The representativeness of the results for bot 
tank levels are kept below 500-tonne • e ompeting 
over and under predictions of fre e ents 
contributing to the l 0"'1 per year and I 0·5 per 
year contours have been under e ;;;:.~~.:.;;;:.~:..= en shown. 
Comparisons of these two cases also e made 
with extreme caution ar er n etail considered in 
the various analyses, ause o nc ainty ar e modeling of the large 
releases. 

For those altern rge operations, t uncertainty for the 1 o·6 and 
10·5 per year co ted with the chi sequence modeling. We believe 
that these cont ewhat under p , and would not recommend using 
the existing rep is of a plan cision. 

ny of ese points or if you have additional 
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Table 20.6· CCPS Chlorine Date 

To Po Do Fo M Pa Ta (J 

K kPa rmn kg/~ kPa K % 
247.4 147.2 6.35 0. 02.5 0.31 90 303.3 
256.4 257.0 6.35 0.064 0.49 90 303.6 
250.9 215.5 6.35 0.046 0.44 90 301. 
247.l 1?8.9 6.35 0.024 0.38 90 
261.8 303.3 6.35 0.080 0.55 90 
251.5 225.9 6.35 0.048 0.44 90 1.52 
258.1 258.5 6.35 0069 0.48 9 U52 
272.8 362.2 6.35 0. 115 1.52 
245.4 183.7 6.35 0.028 1.52 6.1 
267.4 358.6 6.35 0.000 3.04 9.9 
272.4 420.8 6.35 0.114 3. .0 7.2 
267.6 295.9 6.3.-5 0.099 .52 1.7 8.8 
261.3 5S6.0 6.35 0 1.52 10.8 6.4 
273.3 433.9 6. 1.52 22.0 4.9 
267.l 639.1 3.04 15.0 7.6 
277.9 482. 1.52 15.1 6.1 
278.1 417. 05.4 1..52 14.3 6.1 
261.8 9 202.5 3.04 10.7 6.9 
283.7 204. 9 1.52 15.3 7.1 
267.1 4.1 203.1 3.04 13.4 10.0 
283.6 3.9 203.7 1.52 7.2 7.5 

9,..2 1.3 2(1.54 1.52 26.4 5.2 



The Corporation of 
( . District of North Vancouver 

District of North Vancouver 
Mailing Address 
P.O. Box 86218 

355 West Queens Road North Vancouver 
North Vancouver V7L4KI 

British Columbia 
V7N 2K6 

Director of Planning & Development Services, Richard Plunkett Telephone 604 987 7131 Fax 984 8664 

Mr. Corrie Kost 
Federation of North Vancouver Community Associations 

Dear Mr. Kost: 

September 11 , 1997 
File: 3060-20/8.93 

Re: Public Meetings to Discuss and Review the Quantitative Risk Assessment 
and Independent Peer Review prepared for the Can Oxy Chemical Plant 

Public meetings have been arranged for: 

Tuesday, September 23 
Jaycee House 

1251 Lillooet Road 
2:00 pm to 5:00 pm 

and 
7:00 pm to 10:00 pm 

These public meetings are being held to share the research findings from the · 
Quantitative Risk Assessment, the findings from the independent peer review and to 
answer your questions 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 industrial and limited commercial uses. At the present 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 1994. This assessment together with land use . 
guidelines established by the Major Industrial Accidents Council of Canada (MIACC) 
were used to define permitted land uses on the Can Oxy property. 

Document No: 97398 
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The following chronology outlines the events leading to this public meeting: 

In June, 1996 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 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 review on the Bovar Concord study. 

In July, 1996 Council approved the appointment of Arthur D. Little to complete an 
independent review of the ORA study prepared by Bovar Concord. 

In October, 1996 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 November, 1996 through until March, 1997 Bovar Concord and Arthur D. Little 
exchanged additional information. 

In May, 1997 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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If 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 to the public or the 
independent review prepared by Arthur D. Little please contact me at 990-2317. 

JIT/lk 



P.ublic Meeting 

• CanOxy Risk Assessment 
• Dollarton Hwy Realignment 

and Land Use Alternatives .. 
. . 

Joili. this open house to discuss the most up-to-date infoxmation on.the 
recent Risk Assessment Report for CanOxy, a peer review and future land 

use issues on the CanOxy property. Bring your questions and concerns. 

.Tuesday, September 23 
Jaycee· House; 1251 Llllooet Rd. 

2:00 p.m. to 5:00 p·.m. & 7:00 to 10:00 p.m. -............................. ·--···· ............................................ _,, .... , ............................. _,, , ....... . 

Drop in to review infonnation displays on : 

• the Risk Assessment report of the CanOxy Chemicals site, 
and peer review of the report . 

• improvements to CanOxy plant operations 
• safety issues, including rail cars 
• emeigency response plan 
•, land use alternatives for CanOxy lands 
• • Dollarton Highway realignment 

Discuss your questions or concerns with District and Candxy staff and 
consultants during a Question and Comment period 

,. ................................................... ............................................... ,_., ............. , .. ~ ........... . 
. _ ................. · .............. For. you.r .. 1.nformation .. • ..... • ......................... · 

·'· 

Issues:and concerns raised at the meeting will be. documented .arid provided 
to Council as they consider future land use alternatives in this area, 

including either : 

1. Maintaining heavy industrial zoning or 
2. Rezoning to accommodate.light industrial and commercial uses . 

. . . 
The existing chemical plant will continue to operate under both sce~os. 

For more information, please q:mtact 
·Planning at 990-2317 

, ·:;·; www.distri:t.north-van.bc .ca 



Risk 1~1 

control 
revealed 
THE risk management 
process use.d in assessing the 
CanOxy plant: 

The process of estimating the risks 
of a facility, judging its safety, :ind 
development of risk c.onrrol measures 
if reqwred comprises the risk manage· 
mcnt process. 

1be components and operation of 
a facility are first understood, and an 
inventory of hazardous . substances . 
used, transported and manufactured is 
established along with an assessment 
of the surrounding area that might be 
affected by hazardous events in the 
facility. 

Risk analysis helps to understand 
the risk of a haz.ardous facility and the 
reductions in risk achievable given cer­
tain risk control measures. 

Hazard identification answers the 
question: What can • go wrong? 
Potentially hazardous events are iden­
tified and defined. 

Fmpn1cy amilysis and umseq1ience 
anaiym answer the questions: How 
often is the event expected to occur? 
and: What are the consequences if it 
occurs? 

• Frequency analysis makes use of 
historical accident data in similar facil­
ities. Consequence analysis consists of 
modeling the behavior of releases of 
hazardous substances. 

Risk estimation is the process by 
which frequencies and consequences 
of events arc combined to quantify 
risk. 

Risk r:vali,ation answers the ques­
tions: Is the risk judged to be accept· 
able? and Do we need to do anything 
about it? • 

The combined process of risk 
analysis and risk evaluation is usually 
called risk asressment. 

The risk assessment is then com­
pared with standard guidelines estab· 
lishcd by the Major • Industrial 
Accidents Council of Canada 
(MJACC). MIA.CC g11idelines sug• 
gesr that above the risk factor of 100 
chances of death in a million no land 
use other d1an d1e risk source should 
be used, but between 100 in a million 
and 10 in a million manu.Jacnuingand 
warehouse use of land could be 
allowed. 

1985 statistics indicate there is 170 
chances in a million of death from a 
motor vehicle accident in Canada. 



Chlorine lallout teared 
Bt Mll1fn Mlllardd!I_ 
Co,,mlnui"6 'Itri­
... ~ 

AUG- lS-{47 

ZONING amcndmaits and community 
planning axe not uswl1y based on life or 
&ath parrune=s. 

Public safety of lands 
near CanOxy plant 
assessed in NV review 

Ave. that p,od,.xa mainly cbJorinc .. well as austic 
,oda, and mori1ric ecid. 

Under an ag,ccmait negotiated with the dlsll'kt, a 
prCl!)OScd n:alignmmt oldlc Dolbnoo I-!JidiW2l' would 
pbc.c it on C.anadian~ bnd and illow me disaict to 
make better we ofq adJattnl bnd holding.~ a long• 
proposed busincS1 po,k. ~ --~ J 

'~ - ­
-~ -

But North Vanc:ou>u- Distria Conncil ,<ill IOOn 

have to gnppk with zoning ded.sloM in the 
Mapla>t>OCI area that ,.;n be i.nlluenccd by the ultimate 
ofdctycocuxkntions-

mcnt. That review procw1 conmctcd to Arthur D. 
tittle of Co.rwb Lid., Im wee,, just C,.'Ct. yar to com­
plete and was presented 1Xl aiuncil on Tuesday at • 
lhinly aticndcd public meeting. 

• If propooed ioning changes w= to be 'l'f''°'"d 
Canadi.nOxy would be able to sd1 or develop ats lands 
for light indumial and cotMlClcial use. 

AI. the June 11, 1996, public hearing Rovar 
F.nviroomcnt2l prc:scntcd an ~ oi chlorine 
sakty risk 1D ~ public on behalf cl CXY. 

Thc spccuc of duorioc doods hovering above a rc­
aJiwl,d DoUarton HighW>y :and ill! rcbtcd commmul 
development ,o c:nncancd council last ye• that it took 
the unWUJI step of 2djouming a public he:uing and 
n::quaring an independent ~ of the risk wcu-

h. wuc ls the viable public ..tcty of bods located 1D 
the north of the C#iadiarl Nrional Bailwiy (CNl.t) 
right-of-way and owned by ·C2mdian Occidcnw 
P=ilcum limited (c...udi>oOxy). 

On Tue,day nigl,t, council ms told Bovar had 
upcb.lled d1'IC risk ...,..,,...,, ba.,cd on input from U SA Bendixen ... pre­

sents risk assess­
ment review. The land i., unused and lies bod, imide and Olttlidc 

of a plant operattd by CXY Chemicals at I 00 A.mhcnt s,, Gtu P•B• 3 

Gas risks debated at meeting 
,r,. .. p,,a,1 

Arthur Utde's indc:pcndcru: rtview but that lt bad 
rnched th, same ronduoioos: 
■ manufacruring and open·$p>Ce development 
"oold be acrcpablc in the north outside plant 
bouoclants; 
■ commercial and low-density residential develop­
ment could pocccd beyond rhe cail lmc aotth of 
lllepbnt; 
■ unrestricted land use would be acaptsble beyond 
~•imatdy 600 to 700 mcua north of the rail 
bne. 

llovar's risk =nent notes three recent 
J1lll'O"<fflCD to pant safety: 
■ reducing pl.,u anvcnt0ty ofliquc6c:d chlorine gas 
cu one 300-toonc a(()t:1gc tlJlk 6-om three tlnlcs 
SIOMg a tolll ol 1,500 tonnCJ; 
■ cfiocontinuing the USC of a barge with three, 300-
IXlnnc fixed t:anb for shipping chlorine; 

■ !Il0\111'11 a propane storage tank to a rnon: mn0tt 
locatioa on the !itt. 

Linlc's indcpcoomt rtvicw of Bov-.r's upducd 
risk mcssmcnt was ~ by U.. Bendixen. 

Bendixen .ummcd up her review o( Bovar'• con­
dusiom by sayinj; d>.u 10mc oi the baxard fitqucn• 
cics may bm: been undaacimatcd wbilc come• 
qucnoc• may lmc been overestimated. 

"Tuing tb<m together, bringjog rt into a risk 
2SSC$$!1lffll, dut risk cstirmtt is judgi:d to be • ,... 
sonable rcpr,seotation oi the risk UIOCiatx:d with 
the dllorine ~ IC the Maplc..ood chlotine 
plant,• concluded Bendiun. However, Bcncixffl's 
writttn rq,ort al.lo notes ~ "the ~ to the west 
of rbc CXY Oanials pbnt is at a higl,a risk lcwl 
than might be dcsitcd. Several of d,e 30. or so in 
attendance at the M3tily c:allcd mc<ting wcrt ail! 
not conYiocm that all rde,,-.ni qua::s1ion$ bad been 
considered. 

Dan Bilis, a chemlal engineer who in lhc past 
bas -..-od;ed on B.C. Gas ancrgcocy plans, noted 

This Week section showcases local culture 
Dcar ltt:ada:s: 

Thi., Wede is the fiM wed: of the rat of your 
liYa.Owstoo. 

\\le in1mc1 to mm it sing anc1 dance and P':rtups 
turn a kw pirouettes. We intend to rnak.c It infor­
ma1M: and catcrtaining and a big part of your wed: 

e""')' wock. Sc:aning today, frid.2y'1 This Wcct. ...,. 
don in tltc North Shon: News (sec~- 15) "ill 
prucnt rcadcn with · a whole new pacbg,: of fa. 
rurcs rorusing on loal pcrsooalilics, music, thca11c, 
book, video and ot!tcr media reviews, ,dvicc, lisw,&' 
o( c:veots, social ><tivibcs, thingt to do :lftd a gcner• 

that m=...,., n.o types of anhquua u,d uked 
whether the duration of ,lultlng had bea> hctorcd 
as a risl:. Bova, wd Utt1c agree mar the wont-rue 
Kcnario affteting risk a=eat would be the rup­
wre of the main 300-IOOnc chlorine st0r2gc tank 
6-om wmtCIU cawc, including ca.rdaqu.us. • 
~ to ao.-... ",ht toal lrequcoq of all 

,ud1 cvcna is arimaffil 10 be very low - in the 
onkr c£ one occurrcnc:c in 16,000 ycin. • 

Cotnmentai Elli.,. '"Iha-e's a £tic body of exper­
tise out there duit this area gcu the gr.u,ddaddy of 
ean!iquahs every -4-0() yeus, llWS or minus 200 
years, ud the last one,..., in 1761.~ 

llcndix,n also confuntcd tint nil car, OU site 
hold limatdy 90 1000a of chlorine each. 

Thc:~ttk review oondudt:s thert arc an av,:ragc 
of 10 full an on site every da.y of lht year, or anoth• 
er 900 tolllJQ o( chlorine in tramit. 

But Bendixen said she: could not cnvwgc cit2-
str0phic &llw-c of multiple ClJ'S ,vcn in a wom-ca,c: 
tcmvio 

ousdooc of~ tossed in 6-c., of charge. 
To nuke room for this new packigc oi loc"1 

entertainment :and ilwrmation, the News will be 
dropping its tc1cYi<ion ~ -We want to get you 
off the couch and into !he convnunity. 

We w:ant to make This Wede lhc best pm of 
your ....de. E.-c:ry week it's Thi$ Weck. 

Oo the North Shore. And in the Nocth Shott 
News. 
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Torch 
sparks 
mill's 
sawdust 
From p11ge l 

all equipment ~d b«n either sold 
or removed prior to. the fire. . 

"It was just scrap metal that was 
being ruvagcd. at this ~e," · said 
Parkstrom. "We were. going to start 
demolition of the building next 
week." 

He said losses suffered by the 
company • a.re insignificant.· When 
asked about the identity of the sal­
vage company performing demoli­
tion preparation on the building, he 
said "no comment." 

About an hour after the start of 
the fire easterly winds threatened to 
spread the blue as sevcnl iyass fires 
sprung up on the grounds of the 
neighboring Maplewood Flats bird 
sanctuary, forcing firefij!htcrs and a 
Greater' Vancouver Regional District 
fire crew away from the evening's 
main annction. • • 

A helicopter assisted in tke battic 
to save the bird sanctuary by drop­
ping loads of water onto the flan:· 
ups. However, damage to the estu­
ary "'-?S limited to a few scorched 
paths of grass. 

Ernie Kennedy, one of tltt war­
dens working at the sanctuary, saw 
the blaze st.an and worked into the 
night putting out the ·flare-ups on 
the property's grass fidd: • . 

• '"We could sec the fire inside· and 
it wasn't smoky yet and I thought, 
whoa," said Kennedy. · 

Together with a co-worker, 
Kennedy ca,lled the fire department. 

The magnitude of the blue also 
attracted spcctatois frpm far and 
wide, including • North Vancouver 
District May~r Don Bell. . 

"I was driving along Mar.inc 
Drive and saw the smoke and was 
curious, so I called the fir~ depart­
ment a,nd came down," said Bell. 

The mayoc said he initially drove 
to the parking lot of the Canadian 
Occidental Petroleum Ltd. chemicals' 
plant just west ofJhe fire. "I thought 
it would be a safe place to watch it 
from after the ~cw," said Bell 

He was referring to a public meet­
ing last Tuesday, which fix,:used oo 
safety issues .surrounding the 
CanOxy ~t at 100 Amherst Ave. · 
As chroruc.lcd in the Aug. 1S News, 
the icpocts pracntcd at the meeting 
addressed ~u.s ~mcrgcncy.~nar­
ios, including fires, at the _Plant, 
which produces ma!n!Y chlonne as 
well as caustic soda a,nd muriatic acid. : 
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SHIRTSLEEVES SESSION 

CAN OXY QRA STUDY-PEER REVIEW 
Tuesday, August 12, 1997 - 7:30 p.m. 

Counci Chamber 

1. Welcome and Introduction - Mayor Bell 

2. 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 

3. Discussion by Council 

* * * * * 

Document No: 94661 





COUNCIL AGENDA/INFORMATION 
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0 Regular 
O Info Package 
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Date: ___ _ 
Date: ___ _ 
Date: _ _ _ _ 
Date: ___ _ 

Item# ___ _ 
Item# ___ _ 
Item# ___ _ 
Item# ___ _ 

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 

Municipal 
Manager • 

SUBJECT: Independent Review of the CXV 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 provide Council with a brief summary of the independent 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 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 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 inforrnc:Uion on the chemicals and processes." 
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SUBJECT: Independent Review of the CXV 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 CXV 
Chemicals and instructed staff and CXV Chemicals to conduct a public information meeting, 
the purpose 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 appointment of Arthur D. Little Inc. to complete an 
independent review of the ORA 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 submitted their independent assessment of the 1978 
Beak report (Attachment A). In summary the consultant concluded that the basic 
recommendations in the report 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 continued 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 CXV Chemicals and Bovar-Concord in order to 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, 1997 CXY Chemicals and Bovar-Concord decided to 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 Chlorine Safety Risk 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? 
• the consequence analysis - what happens if the undesired event occurs? 

0 
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August 08, 1997 Page 3 

• the overall estimation of risks - which combines all the previous items together to develop 
an estimate of the risk to the affected 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 to the west of the CXV Chemicals plant is 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." ~ , 

Following Arthur D. Little lnc.'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. 

JIT/tt/dw 
Attach. 

REVIEWED WITH: 

D Communicatlons 
o Env. Protection 
O Human Resources 
□ Eng. Public Works 
0 Eng. Admin. 
□ Eng. Parks 

REVIEWED WITH: 
o Finance 
□ Fire Services 
0 Legislative Services 
0 Land 
0 Permits & Licenses 
□ Planning 
0 Social Planning 

0 

REVIEWED WITH: 

External Agencies: 
□ Recreation Commission 
0 Library Board 
□ Health Dept. 
0 RCMP 
□ Other: _____ _ 

REVIEWED WITH: 

Advisory Committees: 

□ -----­
□ -----­
□ ------

Document No: 94645 
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·AttJurDLittle 

July 11, 1997 

J. Irwin Torcy 
Manager of Planning 
The Corporation of The District of North Vancouver 
355 West Queens Road 
North Vancouver 
British Columbia 
V7N2K6 

Re: ADL Reference No. 30728 

Dear Mr. Torcy: 

Arthur D. Little of Canada limited 
67 Yonge Street, Suite 400 
Toronto. Ontario 
M5E 1J8 Canada 

Telephone (1) 416.361.1051 
Fax 111416.361 .11 55 

Arthur D. Little of Canada Limited is pleased to submit this summary of our 
independent review of CXY Chemicals North Vancouver Plant Assessment of Ghlorine 
Safety Risk, 1997 Update Report. prepared by BOV AR Environmental and dated July 
4, 1997. The District of North Vancouver requested an independent review of the risk 
analysis escribed 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 
limitations. 

The review process started last summer when we reviewed the August 1994 report, 
Canadian Oxy North 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 comments 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 updat.ed and totally rewritten. Our latest review is based 
on that 1997 Update Report, numerous telephone conversations with CXY"Chemicals 
anaBOV AR Environmental personnel, and a site visit in early June 1997. These 
additional sources of information fonn an integral part of our review, as the 1997 
Update Report is not intended to cover all the details of the risk analysis. 

Our review efforts focused on the soundness of the methodologies and the 
reasonableness of simplifications and assumptions, in order to identify inconsistencies, 
gaps or limitaµ.ons in the analysis. This also alloww us to comment on the overall 
results. In general, we have not commented 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. 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 contained in this letter. 

Management Consulting • Technology end Product Oevetopmen1 • EnvhonmeaUI, Hu Ith. and Safely Consulting 

Oft=rces I N 3 0 COVN TR1 ES WORLOW I OE 
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J. Irwin Torry 
Manager of Planning 
The Corporation of The District of North Vancouver 

Our 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 wuiesired 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 analysis/approach; the rationale for the frequency 
values; and the way in which the seismic risk analysis conducted by Hooley & Schubak 
Ud. 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 
ex.tent possible without recreating the entire analysis. 

Hazard Identification 
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 
consideration 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). 
BOV AR 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 
explosions to cause damage to chlorine-containing equipment. In the case of hydrogen, 
BOV AR 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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J . Irwin Torry 
Manager of Planning 
The Corporation of The District of North Vancouver 

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. Thus, 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 
north of the site is judged to be reasonably comprehensive. 

Frequency Analysis 
The seismic analysis of the 300-tonne storage tank explicitly considered different fill 
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 earthqua)c~_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 
Transport Canada, which evaluated chemical transportation risks in rail yards in 
Toronto. While the results of this earlier study were scaled to account for the level of 
rail traffic on the site, the Transport Canada srudy 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, etc. We would have therefore expected a failure 
frequency at least an order of magnitude 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 contnl>uie slightly 
to the risk contours. 

In the area of tank car loading, the report describes 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 somewrutt questionable as they appears to 
6e based on the-design of the new station. However, in terms of the overall risk results, 
these events are not significant. 

Considering 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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Manager of Planning 
The Corporation of The District of North Vancouver 

Consequence AnalyJis 
The most significant concern we had about the consequence modeling was the original 
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 BOV AR Environmental's consequence models to predict the 
dispersion distances and areas shown in the revised report. 

The consequence modeling has been perfonned using COBM which is a B0V AR 
Environmental proprietary model .based on a well known and documented public­
domain model known as SLAB. Most of the dispersion models in use today (including 
SLAB, but excluding hydrodynamic codes) are not suitable foLperforming 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 
associated with the use of these models at low wind speeds. the 1997 Update Report 
uses a more complete set of wind speeds and stability classes. However. since all the 
wind speeds considered are still very low (2 mis or less). the dispersion model results 
are likely to be conservative. that is they will over predict the potential areas covered 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 cloud 
would transit these distances in a manner of minutes, making 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. 

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 w9Uld 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. 1bis 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. 

Please let me know if I can clarify any of these points or if you have additional 
questions. 

Sincerely, 

~ ;(j, ,.,< L 

Lisa M. Bendixen 
Principal, Safety and Risk 
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Summary of the Independent Review of CXY Chemicals North Vancouver Plant 
Assessment of Chlorine Safety Risk, 1997 Update Report 

Arthur D. Little of Canada Limited has conducted an independent review of CXY 
Chemicals North Vancouver Plant Assessment of Chlorine Safety Risk, 1997 Update 
Report. prepared by BOV AR Environmental and dated July 4, 1997. Our efforts 
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. Our review 
covered: 
• the identification of hazards - what can go wrong? 
• the frequency analysis- how likely is it t<? happen? 
• the consequence analysis - wlw.t 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 summary of our findings in each area is given below. 

Hazard Identification: 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 ext.ensive upgrades or relatively small 
operations-such as this plant, this approach will generally be conservative. BOV AR 
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 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. The identification of those events with the potential to impact the areas of 
concern to the north of the site is judged to be reasonably comprehensive. 

Frequency Analysis: 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 failure 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 influence 
the overall risk levels significantly as the frequency and consequences of such releases 
would still be dominated by the tank failure scenarios. 

Conseguence Analysis: The most significant concern we had about the consequence 
modeling was the original approach used to estimate the amount of mass in the cloud. 
particularly for the l~ge 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 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 cloud 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 therisl,c 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 wiU be important to maintain good 
commWlications 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 statement 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 statement, 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 infonnation contained in this statement. 
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October 21, 1996 

J. Irwin Torry 
Manager of Planning 
Toe Corporation of The District of North Vancouver 
355 West Queens Road 
North Vancouver 
British Columbia 
V7N2K6 

Re: ADL Reference No. 30728 

Dear Mr. Torry: 

Arthur D. Little of Canada limited 
67 Yonge S,reet. Suite 400 
Toronto. Ontario 
M5E 1 J8 Canada 

Telephone (1) 416.361.1051 
Fax (1) 416 361 .1155 

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 appropriateness 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 contained in this letter. 

Management Consulting • Technology end Product Development • Environmental. Health, and Safety Consulting 
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Table 1: Relevancy of the 1978 Report 

~e~ra.1 Facte>rs 
, • •;,,~ - .~·· .. to. •. ➔• ' .t .. i ·· . 
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~ '., 

' 
Jr,fl.uen~f ng : .... , 1~78. $,ty_dy 

_, .. .. . , . . 

'Relevance • · • 
. .. : ., . , .. 

· .. . .. .. 
scope of study focus was on selected operations 

and chemicals, primarily chlorine and 
related products 
risk of concern was acute risk to 
public; no discussion of 
environmental risks 
focus varied between Maplewood for 
fixed sites, general Vancouver area 
tor transportation, and entire route for 
risks oer shioment 

surroundipgs/ 1978 populations 
external factors 

considered local meteorology and 
terrain 

some seismic analysis; general 
eauioment response/failure predicted 

transportation 55-ton cars for chlorine 

used average accident rates for mid 
1970's; data given on a per-shipment 
basis 

mid 1970's hazardous material 
shipment levels 

' 
.. 

..... _:.:~--;'· • : y' -4 1--:~~r. . ;t--i 
<1 

& :i pr,~sent SltuatloR "' ., 

-: -· 
.. 
. -

materials other than toxics (e.g., 
propane) are also receiving attention 

environmental risks are of much greater 
concern, and could also ~e .90vered in a 
broad overview report such as this 
report such as this would be expected to 
focus on a better defined area 

encroaching residential and commercial 
populations 

still relevant 

more equipment-specific reviews and 
analyses conducted in interim 
90-ton cars; rail car fleet has improved; 
release probabilities vary significantly for 
different types of rail cars (i.e., pressure 
versus non-pressure cars) 
major improvements to infrastructure 
have yielded significant reductions in rail 
accident rates since 1978; truck accident 
rates have not changed very much; 
marine rates are very location-specific, 
but the Port of Vancouver has 
undertaken a number of studies and 
initiatives to reduce risk so 
improvements would be expected; data 
is now generally expressed on a per- . 
mile basis 
significant Increases in number of 
shipments at the site (about twice as 
many rail cars per year) and in 
Vancouver area in general; increased 
usage of intermodal containers (ISO-
tainers) 
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tse'Qerat F.i&t&~f >; i._:-,.· • .....,.. :§_ ·~ ~~~~- ~.._,.. '41-_£"';:: ~,,"\,;;¥~]~~ . -1:.,.,~"t· "-~ • •• ~' "('it,; . ·•.· -~-- ~ ~. --r :.• .,. - ~ ·.. . r. .. ~ ·=-•:t~· 
1Qt!.,.~e~jngi1f~;~ of~~ •. 'k- • ./)918 S1udr .1 W-• ri.tjj.: ~ .. ~., . -::,: P -·•ro~ 'ti •• v, • • • ~,,.,. ~.!..'. , .... ,e 1aon • · , 

: . ·-. ,, ~ - ~ ..... ,~ ._. .. "~- -.Relevance . . • ~· .d. , '.• . ' : .. •. .. .. ._ 

operations report did not take specifics of site have improved procedures. quality 
and process into account, but rather programs and practices; less 
relied on average industry instrumentation and controls than might 
experience; operation probably was be found in a newer facility 
fairlv tvoical at this time 
on-site inventory of up to 1780 tons total inventory limited to 550 tons of 
of chlorine chlorine since 1995 . ~ 

Chlorine Institute best practices Responsible Care provides additional 
ouidance 

equipment age/ 20-year old operation 40-year old operation with few changes 
condition to physical plant, but well maintained 

and aood attention to safetv 
three 150-ton chlorine tanks; two three 150-ton tanks removed; 318-ton 
666-ton chlorine tanks chlorine tank added at some point in the 

oast 
have added non-destructive testing of 
lines; do internal vessel inspections 
every 3 years instead of 5; more 
detection and automatic isolation; 
enhancements in earthquake resistance 
of equipment; adding motor-operated 
valve to rail car side of loadina hose 
propane tanks moved further from 
chlorine ooerations 

emergency concerned about both direct and still relevant 
response secondarv imoacts 

provided safety manuals and out-of-date as there are more 
emergency response plans coordinated programs and site and local 

oraanizations have chanaed 
lack of coordinated response cited much stronger and better coordinated 

emergency response programs/teams 
and better equipment available both 
locallv and in the reaion 

concern over communication much better and more reliable 
capabilities communication systems in place in the 

plants, the community, and the reaion 
most likely scenarios analyzed; general practice is to evaluate a worst-
maximum of 1000 pounds released credible release in addition to more likely 

(smaller) releases 
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its-ei-iera1;i:Jc101s' ·.:. . • ·:: 
~nf!,e,ncf~g ,~- . . 
:Rel~:v.anc~ 
methodology list of scenarios of concern 

lists of incidents in industry and 
transportation 

used industry averages to give 
frequency ranges and release 
quantities 

coarse risk calculations 

simplified algorithms for 
cons uence modelin redictions 

most are still relevant to some extent 
past events are generally still relevant, 
although many administrative controls 
and design improvements have been 
developed to limit the chance of them 
occurring again; more rece11t events 
could be added to lists 

estimates are now out-of-date; industry­
wide data is no more meaningful today 
than it was then as it does not indicate 
whether or not a gi~en facility is better or 
worse than average and does not 
account for site-specific differences in 
activity levels, inventory, isolation 
capabilities, etc.; enough time has 
passed to know if some of the predicted 
frequencies were realistic; typical 
practice is to calculate flow rates based 
on the actual equipment and operating 
conditions 
appropriate that they be coarse, but hard 
to accurately calculate estimates of 
individual risk when only considering the 
most likely events; low frequency/high 
consequence events must generally be 
considered 
significant improvements in 
cons uence models 

es 

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 ideas on what it meant to classify Maplewood as an "active" 
chemical area and suggested that this characteristic must be factored into planning 
activities. 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 good 
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 community-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, 

~._/M_~~__::_ 
I 

Lisa M. Bendixen 
Principal, Safety and Risk 
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The Corporation of 
( ~ District of North Vancouver 

District of North Vancouver 
Mailing Addre~ 
P.O. Box 86218 

3:>:> West Queens Road North Vancouver 
North Vancouver V7L4KI 

British Columbia 
V7N 2K6 

J. Murray Dykeman, Mayor Telephone 604 987 7131 Fax 984 9637 

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· 
Coundl for the purpose of sharing the findings of the Quantitative Risk Assessment 
Study for their North Vancouver chlorine 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. 

11 1t is regrettable that Councillor Crist chose to prematurely release selective information 
thus potentially causing much concern among members of the public who deserve to 
be fully informed about this complex issue." 

District Council through its North and West 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. 
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MAYOR'S PERSONAL NOTES 

Tues May 2 

Wed May3 

Thurs May4 

Fri May5 

Sun May7 

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. I 
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". I 
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 Vancpuver of preventing the 
release of information to the public. Another untruth and a further 
inaccuracy - directed citizens to contact 985-7761, the-City of North 
Vancouver switchboard. 

1:\ADMIN\WORK\MYCOR\LC000074.MEM 



COUNCIL AGENDA/INFORMATION 
□ In-Camera Date: ___ _ Item# ___ _ 
tJ Regular Date: ___ _ Item# ___ _ 
□ Executive Date: ___ _ 
□ Info Package Date: ___ _ 

Item# _ _ _ _ 
Item# ___ _ 

Dept. Director Municipal 
Manager .,____ _ _. Manager 

□ Agenda Addendum Date: ___ _ Item# ___ _ 

The Corporation of the District of North Vancouver 

REPORT TO COUNCIL 

May 22, 1996 
File: 3060-20/8.93 

AUTHOR: Doug Allan, Senior 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 current 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. 

Notwithstanding 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 Essa service station site on Dollarton Highway is 
also included in the rezoning (Attachment A). 

EXISTING POLICY: 

Under the Maplewood OCP, 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 (13) uses, a neighbourhood pub 
(C6) and a paper recycling firm (13) 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 (13) uses 
to the north . 

Document No: 59045 
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Attachment C illustrates the proposed municipal business park in relation to the COPL and 
Imperial Oil 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 
ORA Study is included as Attachment D. 

ANALYSIS: 

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 . 

Notwithstanding 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. However, even when the conditions of the alternate scenario are met 
within each of the three zones, there are some uses which would still conflict with the 

Document No: 59045 
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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 operational 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 
Agreemenf' 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 concerns 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. 

Document No: 59045 
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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 reconsidered the proposal at its 
meeting on April 17, 1996 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. 

DA/ld/dw 

Doug Allan 
Registered Planner 
Senior Development Planner 

BEYIEWEC WIIl::f; BEi~lfaYED WITH: REVIEWED WIJH· BEYIEWEQ WIItf; 
□ Communications □ Finance External Agencies: Advisory Committees: 

□ Env. Protection □ Fire Services 0 Recreation Commission □ 

□ Human Resources □ Legislative Services □ Library Board 0 
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May 5, 1995 

To: Recipient 

Industrial 
Chemicals 
Lirnited 
Partnership 

100 Amherst Avenue. North Vancouver. B .C. V7H 1S4 
(604] 929-3441 
Fax (604) 929-7610 / 929-7600 \ ' 

----··-

Re: CXY Chemicals (CanadianOxy) North Vancouver Plant Quantitative Assessment of Safety 
Risks Report (the "Quantitative Risk Assessment Report") 

The Quantitative Risk Assessment Report bas been prepared for CXY Chemicals at its initiative in 
furtherance of CXY ~hemicals corporate social responsibilities and its responsibilities as a Responsible 
Care® member of the Canadian Chemical Producers Association. The Quantitative Risk Assessm.eut 
Report was prepared as the basis for developing a multistakeholder risk communications forum and dialog 
and to provide for long term risk management. We believe that a reasoned approach to the issues is 
required in order to properly respect all stakeholders concerns, especially those of our employees, the 
community, and the numerous other business which directly and indirectly rely oil the continued operation 
of our North Vancouver facility. 

The Quantitative Risk Assessment Report on its own is a very • complicated technical and statistical 
.ma.lysis that must be unden.tood in its properrcontext. As such, we would be pleased to have you attend a 
presentation th.at will provide additional information crucial to a full understanding of the report. 

Should you have any questions or commynts with respect to the Q-;mntitative Risk Assessment Report, we 
would be pleased to discuss them with you. We strongly urge and invite all interested parties to make 
inquiries regarding their concerns. All inquiries should be directed to Brian Thornton, Plant Manager, at 

604-929-3441. 

Yours truly, 
CXY CHEMlCALS CANADA LIMITED PARTNERSHIP 

Brian W. Thornton 
Plant Manager 

Responsible Cate 
A Total Commitmel\l 



The attached graphs depict the situation with a 500 tonne 
maximum inventory. 

ADDENDUM 

May 8, 1995 



00 

a, 
0 
~ :p 
8 z 
8 
::0 
C, 

[ .. 
D 
:::, 
3 
CD 

! 

FIGURE 3-4 Individual Risk Distribution Around the Plant - Scenario 4 {500 I 
maximum inventory) 

--------

IOWLltO. i 

-;ffl . 
t~ 

,eel 

'ii,tq ~ 

, 
I r-~l---1 

--•• .I 
I "1 

~ f I « -g 
~-~ . g Jg I j i MAl\lllto11. 

Wf U.COJIACfnr W,t.V _.: • -
~ 
~ 

~ c:_ 

~~ 
~ 

-----· 

wr 
MCI 

.. 
0 
u, 

-----0 
00 

-----CX) 
(Tl 

.... 
N 

(.> 

N 

~ 
""" .... 
c» 
0:, 
(.> 

0 

0 
Cll 
0 
C, 

tt, 
0 
< 
~ 
I 

(") 
0 z 
(") 
0 

~ 

(§l 
0 
0 
(.> 

-----0 
0 
(.> 



CANADIAN OXY NORTH VANCOUVER PLANT 
QUANTITATIVE ASSESSMENT OF SAFETY RISKS 

BCE.J3609. J 
, 

Prepared for 

Canadian Oxy Chemicals 
100 Amherst Avenue 
North Vancouver, BC 

V6H 1S4 

Prepared by . .. 

E. Alp, Ph.D.,P.Eng. 
W.P Crocker, M.A.Sc., P.Eng 

R. Mulley, P.Eng. 
V. Wong, M.A.Sc. 

8 W. Alton, M.A.Sc., EIT 

BOVAR-CONCORD Environmental 
2 Tippett Road 

Oownsview, Ontario 
M3H 2V2 

August 1994 



TABLE OF CONTENTS 

Page 

ii lNTRODUCTlON ..... . .... .. .. ..... .... . ...... .. ....... ... '-!:1 ~-

2 BASIC RISK CONCEPTS AND DEFINITIONS . . . . . . . . . . . . . . . . . . . . 2~1 ; 
'--·· ... ,,/ 

2.1 DEFINING AND CALCULATING RISK . . . . . . . . . . . . . . . . . . . . 2-1 
2.2 RISK ACCEPTABILITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3 
2.3 THE RISK MANAGEMENT PROCESS . . . . . . . . . . . . . . . . . . . . 2-4 

3 SYSTEM DESCRIPTIO N • ... -~ • • .. • • 11 " • • • .. • • • • • • • • ,I • - • • • .. • • • • • .. 

' 

4 HAZARD IDENTIFICATION AND FREQUENCY AN ALYS IS . . . . . . . . . . 4-1 

5 

6 

4.1 TASKS UNDERTAKEN FOR HAZARD IDENTIFICATION . . 4-1 
4.2 FREQUENCY ANALYSIS TECHNIQUES USED IN THE 

STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1 
4.2 .1 HISTORICAL INCIDENT RECORDS . . . . . . . . . . . . . . . 4-2 
4.2.2 EXTERNAL EVENTS ANALYSIS . . . . . . . . . . . . . 4-3 
4.2 .3 FAULT TREE ANALYSIS . . . . . . . . . . . . . . 4-5 

4.3 SELECTED REPRESENTATIVE RELEASE EVENTS AND 
ASSOCIATED FR!;QUENCIES . . . . . . . . . . . . . . . . . . . . 4-5 

METEOROLOGY OF THE AREA 

INDIVIDUAL. 
SCENARIOS 

CONSEQUENCES OF SELECTED RELEASE 

6.1 SOURCES OF UNCERTAINTY AND CONSERVATISM IN 
INDIVIDUAL CONSEQUENCE ESTIMATES . . . . . . . .. . . 

5-1 

5-1 

. 6-2 

7 DISTRIBUTION OF INDIVIDUAL RISK AROUND THE PLAl'iT AND 
COMPARISON WITH RISK ACCEPTABILITY GUIDELINES . . . . . . . . . 7-1 

..._ 

8 CONCLUSIONS ANO FUTURE DIRECTION . . . . . . . . . . . . . . . . . . . . . 8-1 

9 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1 • 

BOVAR - CONCORD Environmental 



( II 

LIST OF FIGURES 

Page 

FIGURE 1-1 a General Area of Canadian Oxy Chemicals North Vancouver Plant . . _ :__1-2 
FIGURE 1-1 b Areas Proposed for Development North of Canadian Oxy 

Chemicals North Vancouver Plant . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3 

FIGURE 2-1 MIACC's Proposed Risk Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5 
FIGURE 2-2 The Risk Management Process ... , . . . . . . . . . . . . . . . . . . . . . . . . 2-6 

FIGURE 3-1 Plant Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2 
FIGURE 3-2 Simplified Flow Shee~ for the Chlorine Processing System . . . . . . . . . 3-3 

FIGU RE 5-1 Windrose for Second Narrows Bridge'Station (GVRD Station T6, 
Years 1 990-91) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3 

FIGURE 5-2 Windrose for Canadian Occidental ~tation (1993-partial) .. _ ... _ . ... 5-4 

FIGURE 6-1 a Area Exposed to Probability of Death Pd ~ 1 % - Current 
Operations (All Spill Scenarios, No Evacuation) . . . . . . . . . . . . . . . . . 6-3 

FIGURE 6-1 b Area Exposed to Probability of Death Pd 2 1 % - Current 
Operations (All Scenarios, with Evacuation after 1 hr) . . ..... .- . . . . 6-4 

FIGURE 6-2a Maximum Downwind Extent of 1% Probability of Death - Current 
Operations (All Scenarios, No Evacuation) . . . . . . . . . . . . . . . . . . . . 6-5 

FIGURE 6-2b Maximum Downwind Extent of 1 % Probability of Death - Current 
Operations (All Scenarios, with Evacuation after 1 hr) . . . . . . . . . . . . 6-6 

FIGURE 6-3 Area Exposed to Probability of Death Pd 2 1 % - Alternative 
Operations (All Spill ~cenarios, No Evacuation} . . . . . . . . . . . . . . . . . 6-7 

FIGURE 6-4 Maximum Downwind Extent of 1 % Probability of Death - Alternative 
Operations {Al! Spill Scenarios, No Evacuation) . . . . . . . . . . . . . . . . . 6-8 

FIGURE 6-5 Worst-Case Probability of Death Contours - Current Operations 
(Large Breach of all Storage Vessels, E Stability, 1 m/s Wind; 
contours correspond to 1 %, 5%, 10%, 50%, 90% and 100% starting 
from the outermost extent of the cloud) ........... _ . . . . . . . . . . . • .. .6-9 

FIGURE 6-6 Worst-Case Probability of Death Contours - Alternative Operations 
(Large Breach of the 300-tonne Storage Tank, E Stability, 1 m/s 
Wind; contours correspond to 1 %, 5%, 10%, 50%, 90% and 100% 
starting from the outermost extent of the cloud) . . . . . . . . . . . . . . . . 6-1 O 

FIGURE 7-1 
FIGURE 7-2 

Individual Risk Distribution Around the Plant - Current Operations .. . 
Individual Risk Distribution Around the Plant - Alternative 
Operations . . _ . .. 

7-2 

7-2 

BOVAR - CONCORD Environmental 



Ill 

LIST OF TABLES 

TABLE 4-1 Summary of Events Selected for Further Analysis - Currnnt 
Operational Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-7 

TABLE 4-2 Summary of Events Selected for Further Analysis - Alternative 
Operations with Reduced Inventory . . . . . . . . . . . . . . . . . . . . . . . . . . 4-8 

TABLE 5-1 Weather Frequency Summary for Second Narrows Bridge Section 
(GVRD Statlon T6, Years 1990-91) >,. . . . . . . . . . . . . . . . • • • • . . • . . 5-5 

TABLE 5-2 Weather Frequency Summary for Canadian Occidental Station 
( I993-Partial) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ... . . 5-6 

BOVAR - CONCORD Environmental 



1 -1 

1 INTRODUCTION 

The District of North Vancouver and the Vancouver Port Corporation have 

proposals to develop some of the land north of Canadian Oxy Chemicals' North 

Vancouver Plant (the general area of the plant and the proposed developments 

are shown in Figures 1-1 a and 1-1 b). This plant manufactures chlorine and large 

quantities of this material are commonly present at the plant. Chlorine is a toxic 

gas and can pose a significant hazard at relatively large distances if released from 

its containment into the atmosphere. As part of its Responsible Care commitment 

and in order to assist in land use planning in the vicinity of the plant. Canadian 

Oxy Chemicals have commissioned the present study to assess the public safety 

risks associated with the operation of this plant. 
_J 

The objective of the present report is to examine, in quantified form, the public 

safety risks of the North Vancouver Plant. The emphasis is on public safety, that 

is, on accidents with a low expected frequency but high potential consequences 

in terms of public fatalities or injuries, rather than public health (which would 

generally imply an assessm,ent of long term impacts of relatively routine releases 

into the environment) or occupational health and safety (in which case the 

emphasis would be on th_? day-to-day health and safety of plant personnel). 

The level of detail in quantitative risk assessments, and hence the accuracy of the 

estimated risk, can vary significantly, depending on the scope selected at the 

beginning of the assessment. The current scope provided for the following: 

familiarization with plant systems and operation based on review of plant 

drawings, findings of existing studies, and a brief site visit, 

identification of the more significant events which could lead to releases 

with potential public consequences, based on the review and plant visit, 

BOVAR-CONCORD Environmental 
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estimation of frequencies of these events based on a combination of 

historical accident data and top level fault trees where historical data were 

not sufficient, 

estimation of hazard zones and potential consequences tor the release · 

events, using state-of-the-art dispersion and vulnerability models, taking 

into account the commonly encountered weather conditions at the plant 

site, 

estimation and presentati9n of ris~ in quantitative terms, by combining the 

frequency and consequency information, and 

evaluation of this risk by comparing it to commonly used acceptability 

criteria. 

Two operational scenarios have been examined in this study. The first scenario 

consists of the current operations; the second case consists of operating with a 

much reduced chlorine inventory than the present operations allow, using a single 

storage tank further strengthened against earthquakes, and without the use of the 

barge. 

The phenomena leading to releases, and once the release event occurs , the 

behaviour of the released material in the atmosphere, are very complex. Many 

simplifying assumptions are therefore required :n carrying out the quantitative 

analysis of risks associated with these events. For proper interpretation of the 

results, it is essential that the readers of this report understand the basic concepts 

underlying the calculation of risk !evels as well as the simplifying assumptions 

involved in the analysis. 

The report accomplishes this oblective by first presenting a discussion of basic risk 

concepts and definitions in Section 2, along with commonly used risk acceptability 

guidelines. The plant systems are then described briefly in Section 3. In 

BOVAR- CONCORD Environmental 
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Section 4 the selection of potential release scenarios and estimation of event 

frequencies are discussed. Meteorology of the area, in terms of the parameters 

relevant to chlorine spills, is described in Section 4. Estimation of potential 

"individual" consequences of releases, and the hazard zones under selected 

weather conditions. are presented in Section 6. Individual risk contours 

(i.e., variation of individual risk as a function of distance from the risk source) are 

given in Section 7 along with a discussion comparing the estimated risks to risk 

acceptability guidelines. Options for future direction are then discussed in 

Section 8. 

BOVAR - CONCORD Environmental 
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2 BASIC RISK CONCEPTS AND DEFINITIONS 

2.1 DEFINING AND CALCULATING RISK 

Risk is defined as a measure of frequency and severity of harm due to a hazard. 

The hazard is the presence of chemicals having various characteristics: toxicity, 

explosivity, inflammability, etc. 

Risk is characterized by the nature of the harm , i.e., to humans, to property or to 

the environment. In this report. the harm)s characterized by the "probability of a 

given effect on a selected type of receptor". The emphasis however is on harm 

to humans in terms of fatalities . we are,therefore calculating the risk of fatality. 

Safety is relative, it is a judgement of the acceptability of risk: an activity is 

considered safe if its risks are considered acceptable. This definition of safety 

emphasizes the decision making process. It recognizes that there is no such thing 

as "zero risk" because no matter what precautionary steps are taken, there is 

always some chance of ar{ accidental release of a dangerous substance and a 

chance that someone may be adversely affected. 

The common and convenient measure of risk due to a specific hazardous event 

is calculated by: 

Event 
Risk 

Event 
Frequency 

X 
Event 
Consequence 

There are many possible hazardous events for any facility. wnich depend on the 

quantity and nature of storage or process vessels, piping. valving, loading and 

unloading operations, etc. Each possible hazardous event contributes its share 

to the overall "facility risk", which is calculated by summing the risks of all possible 

events that could occur in the facility . In order to simpli fy the risk analysis, events 
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with similar consequences are considered in groups, such as "large releases" or 

"small releases". 

Public risk can be thought of from an individual and a societal perspective. 

Individual risk of fatality is the chance (in any year) that a person living near a 

hazardous facility might die due to potential accidents in that facility. Since the 

severity of impact of accidents usually decreases with distance from the facility, 

the individual risk (of fatality) will decrease with distance. The variation of 

individual risk around a facility is usually P,resented on a map in terms of constant 

risk lines or contours. Other factors, depending on the nature of the accident, 

such as wind direction, topography, cli,matic conditions, all attect the risk zones 
j 

and hence the risk contours. Similar risk contours can be drawn for risk of injury. 

Societal (event) risk is the expected number of fatalities for that event {the product 

of event frequency and event consequences in terms of the number of potential 

fatalities if that event occurs). Societal facility risk is the total expected number of 

fatalities in a year due to ~ hazardous facility and is estimated from all possible 

events. 

Societal risk can also be thought of as the number of people exposed to given 

levels of individual risk (i.e., the number of people within the individual risk 

contours), which can be visualized easily when the risk contours are presented on 

a map showing land use. The risk acceptability guidelines proposed by MIACC 

(Major Industrial Accidents Council of Canada) are based on this interpretation of 

societal risk (see below). The emphasis in the present report for presenting risk 

information will therefore be in terms of risk contours superimposed on a map. 

Societal risk information is sometimes presented graphically showing the relatipn 

between event frequencies and the number of people that could be affected by 

each event. These graphs are called "FN Curves" or Frequency/Number curves. 

In some foreign jurisdictions, risk acceptability guidelines are cast in the form of 

BOVAR- CONCORD Environmental 
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FN curves. Presentation of results in this form has not been attempted in the 

present report. 

2.2 RISK ACCEPTABILITY 

Acceptability of risks depends on the nature of the risk and who 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 activities to 

reduce voluntary risks to an acceptable level , but for imposed risks they may have 

no degree of control or influence. 

Broadly there are levels of risk that people will accept, and other levels that they 
.' 

will not. Adjusting risk levels often implies costs (of risk reduction activities) that 

may be borne by persons other than those who bear the risk, and benefits (of 

reduced risk) that are often attributed to persons other than those who bear the 

costs. The levels of costs and benefits as wel l as who bears or recei·Jes them will 

affect the acceptability of risk. 

The judgement of risks means that "tolerable" or "acceptable" risk levels will vary 

with the benefits and co~ts no matter how they are calculated and by whom. In 

between the "not acceptable" risk level and the ~acceptable" risk level is the area 

where risks may or may not be acceptable depending on the situation. Risks in 

this area are generally acceptable only if all reasonably practical measures have 

been taken to reduce risks. 

Risk acceptability criteria are often set based on the premise that the risk being 

evaluated should not make a substantial addition to existing risk of everyday life. 

An increase of 1 % (over existing levels) in the individual risk of death due to a 

specific hazardous activity is the basis of many criteria of non acceptable or 

intolerable risk. Acceptable or tolerable risk criteria are generally taken as a factor 

of 1 O to 100 less than for intolerable risk. Between intolerable and tolerable risk 

BOVAR-CONCORD Environmental 
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levels, risk reduction is desirable. The reduction in risk levels is achieved by 

taking risk control measures (see below). 

Individual risk is often expressed in terms of an annual probability of death for an 

exposed person. An annual probability {or chance) of death of one in a million is 

often taken as an acceptable level - this level is written mathematically as 1 o·6 per 

year. An unacceptable annual probability of death is commonly taken as one in 

10,000 which is written mathematically as 10-4 per year. 

In Canada, MIACC developed the risk acceptability criteria presented in Figure 2-1. 
' 

These criteria 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. 

2.3 TH E RISK MANAGEMENT PROCESS 

The process of estimating the risks of a facility. judging its safety, and 

development of risk contro! measures if required, comprise the risk management 

process. The steps in the risk management process are shown in flow chart form 

in Figure 2-2. 

System description consists of understanding the components of the facility and 

how it operates, establishing an inventory of dangerous substances used, 

manufactured during the process, or produced. and the surrounding area that 

might be affected by the events in the facility, in terms of population, land-use, and 

climate, etc. 

Hazard identification answers the question: What can go wrong? Potentially 

hazardous events are identified and defined in this step. For example, in a 

flammable liquid storage facility, the realization that a release might lead to a pool 

fire and/or an explosion, and that there could be small, large or catastrophic 

releases. constitutes the hazard identification step 

BOVAR - CONCORO 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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Before risk can be managed, it must be understood. Risk analysis defines the risk 

of a hazardous facility and the reductions in risk achievable given certain risk 

control measures. It answers the following questions for the identified events: How 

often is the event expected to occur? and, if it occurs, What are the consequences 

of the event? Frequency analysis makes use of historical accident data in similar 

facilities. For very rare events, fault and event trees are also used. Consequence 

analysis consists of modelling the behaviour of releases of hazardous substances, 

and their impact on critical receptors making use of dose/response (vulnerability) 

data and models. Risk analysis is the process by which the frequencies and 

consequences of events are estimated a~d then combined to quantify risk. The 

results of risk analysis are used extensively in risk management decisions 

throughout the world. The uncertainties in estimating the chance of rare events, 
·' 

and in projecting the effects on human populations, are considerable. However, 

high uncertainty does 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 to be acceptable?, and, 

Do we need to do anything about it? Whether we judge a risk to be small or large, 

acceptable or unacceptable depends on many factors. Voluntary risks are those 

we assume due to someperceived benefit e.g., smoking, sky-diving. Involuntary 

risks are imposed on people by decisions made by others or by natural 

occurrence , e.g., second-hand smoke, violent storms. A hazardous facility is often 

seen as posing an involuntary risk on someone living nearby (especially if the 

facility is new), but it might be seen as a voluntary risk if someone chooses to live 

near an existing facility provided that the person is aware of the risks before 

moving there. The MIACC risk acceptability criteria are designed for cases of 

involuntary risk such as due to hazardous facilities. They are intended to be used 

as public safety guidelines, along wi th economic and socio-political considerations 

in making a decision. 

Communication of the risks to the public exposed to these risks, 2nd public 

participation regarding the acceptability of these risks and the risk control 
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measures that would be implemented, are essential components of the risk 

management process. 

The combined process of risk analysis and risk evaluation is usually called risk 

assessment. 

If the risks are judged to be acceptable, then further risk control measures, or 

system changes, will not be required. However, in this case, it is essential to 

develop programs to monitor the situation so that it does not deteriorate over a 

period of time. Safety audits are among •!he tools used for this purpose. 

If it is judged that further safety impro'v'.ements are required, risk control options 
_; 

introducing system modifications, would be examined. 

Uncertainty analysis answers the question: What are the limits of accuracy? 

Risk estimates are based on simplifying assumptions and failure rate data that 

have associated error bands with it. As a result, evaluation of these uncertainties 
I 

is an important part of a comprehensive risk assessment/risk management 

program. Furthermore, t_here is always concern with the underestimation of risk, 

and thus the upper bound estimates 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 control answers the question: What can be done to reduce the risks? Risk 

can be reduced by decreasing the chance and/or consequences of hazardous 

events. Risk control measures can be broadly classified into 

process safety management, which includes technological measures, such 

as design changes, inventory reduction, etc., and management measures, 

such as inspection, maintenance, training and work practices. 

BOVAR - CONCORD Environmental 



2-9 

land-use restrictions, and 

post-incident management, such as emergency response plans and 

exercises. 

Risk control measures will have certain costs associated with them. By estimating 

the risk reduction possible for each option, it is possible to assess the costs and 

benefits for each option, and informed decisions on which option should be 

selected can be made on this basis. 
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3 SYSTEM DESCRIPTION 

The North Vancouver Plant produces chlorine, caustic soda (sodium hydroxide) 

and muriatic acid (hydrochloric acid) using the "Chlor-Alkali Process". The process 

uses three raw materials: salt (sodium chloride). water and electrical energy. A 

purified salt solution is fed into an electrolytic cell. In the cell, an electrical current 

passes through the salt solution. between electrodes, decomposing it into its basic 

elements. 

The chemical reaction for this process can be represented by 

2NaCI + 2H 20 + electricity ~ Cl2 + H2 + 2NaOH 

Approximately 2900 kilowatt hours of electricity are required to produce one tonne 

of chlorine, 1.13 tonnes of sodium hydroxide and 29 kilograms of hydrogen. 

The annual plant production ranges from 110,000 to 145,000 tonnes of chlorine. 

The plant layout is shown in,:Figure 3-1 and a simplified flow sheet of the chlorine 

system is given in Figure 3-
1

2. 

Brine: (NaCl solution) 

The raw material is solar evaporated sodiu:m chloride colloquially termed common 

sea salt and comes to the plant by ship from Mexico. It is unloaded by conveyors 

to salt holding tanks and a paved pad. Fresh and recycled process water is added 

to the salt to form a saturated salt solution ·craw brine). This raw brine 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 filtered 

and sent to the cell house. Here it is warmed by exchanging heat with the warm 

hydrogen gas from the cells. Before the heated brine is pumped to the diaphragm 

cells, it is resaturated with salt that has been recovered in the evaporation of the 

caustic cell liquor 
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FIGURE 3-2 Simplified Flow Sheet for the Chlorine Processing System 
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Electrolytic Cells 

The electrolysis, Le_, the decomposition of sodium chloride solution or purified 

brine, occurs in 322 cells divided into three circuits. 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 negative electrode located in the catholyte chamber. 

The diaphragm. It is a characteristic feature of the electrolytic cell that the 

anode compartment and the c~thode compartment are separated by a 

semi-permeable partition wall, a diaphragm. 

The electrolytic process begins by feeding purified, saturated, warm brine into the 

cell and allowing the direct electrical current to cross the electrodes. The negative 

chloride ions are attracted to the positive anode and react to form chlorine gas. 

The chlorine gas is collected within the fibreglas top and then flows into the main 

pipeline under a neg?tiv~ pressure developed by the chlorine compressor. The 

negative pressure or suction (like that developed by a vacuum cleaner) acts as a 

safety feature, preventing the leakage of chlorine cell gas in the surrounding area. 

The positive sodium ions are attracted to the negative cathode and react with 

water to form sodium hydroxide (caustic soda) and release hydrogen gas. 

About 50% ot the brine fed to a cell is converted to caustic soda. The solution 

leaving the cell, called ·cell liquor", contains about 12% caustic soda and 15% salt 

and is sent to storage tanks before being fed to 50% and 73% caustic evaporators 

for concentration and salt removal. 
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The hydrogen gas collects in the top portion of the cathode chamber and flows into 

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 fuel 

in the boiler, and also burned with chlorine to produce muriatic acid. 

The Diaphragm 

The key to a safe and ecor.iomical cell operation is the diaphragm. The diaphragm 

serves two important functions: First, it separates the hydrogen gas from the 

cl1lorine gas, which could form explosive mixtures if mixed in the cell. As an 
I 

additional safeguard, the hydrogen concentration in the chlorine gas is constantly 

monitored. Second, the diaphragm pryvents bulk mixing of the cell liquor and 
j 

chlorine gas, which is essential to the production of separate chlorine and caustic 

products. 

Periodically, an electrolytic cell must be pulled off the line and reconstructed. 

Installation or removal of a diaphragm cell from a cell circuit is accomplished 

quickly and safely by using- an electrical jumper switch which bypasses electrical 

power around that particular cell. 

Power Supply 

The electrolysis process requires electric power in the form of direct current. Tv,10 

BC Hydro 60,000 volt power lines supply the power for the plant. This power is 

transformed by rectifiers to direct current before being used in the cells. 

Chlorine (Cl2) 

The chlorine gas from the cells is at first cooled by contact with water and dried 

wt1en contacted with sulphuric acid in three stages. The dry gas is further cooled 

by direct contact with liquid chlorine and purified in a pur:fication column. The 

purified ch lorine gas is compressed to 40 pounds per square inch. cooled and 
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liquefied in two stages by freon liquefiers. (The liquefiers work very much like the 

refrigerator in a home.) 

During this procedure, liquid chlorine is produced in a constant stream ready for 

storage and for shipping to the customer. Ninety-nine percent of the chlorine 

condenses with the remainder being absorbed by caustic solution in neutralization 

tanks. 

Under current operational procedures, chlorine is stored on site (in liquefied form, 

at about -20°C) in two 600-tonne and one ~00-tonne tank. It is shipped to markets 

by the tank barge Metlakatla, which has three (uninsulated) 300-tonne tanks, or 

in rail cars (insulated; 90-tonne capacity). Rail cars are sent to 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-ionne tanks, 

which are used to support the barge operations, would not be used along with the 

barge. 

The hot hydrogen gas from the cells is cooled by contact with brine, compressed 

and used as auxiliary fuel in the boiler, sold as gas, and burned with chlorine to 

produce muriatic acid. 

Steam Plant 

The steam plant consists ot two Riley-type steam generators, commonly called 

boilers. Each unit has a maximum capacity of 100,000 lbs. of steam per hour, at 

a pressure of 150 pounds per square inch. The boilers are fired by natural gas, 

hydrogen and fuel oil. Natural gas supplied by B.C. Hydro is on an interruptible 
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basis, that is, it is diverted to the community when houset1old fuel demand is 

highest, during cold weather. At this time hydrogen and fuel oil is used. 

Caustic Soda (Sodium Hydroxide, NaOH) 

The cell liquor from the electrolytic cells is evaporated in three stages with steam 

produced by the boilers. During the evaporation, the salt precipitates as crystals, 

is separated, washed and recovered. The recovered salt is useJ, as mentioned 

previously, in resaturating the cell brine. The 50% caustic soda product is cooled, 

filtered and pumped to storage from whefe it is shipped. A side stream of 50% 

caustic is further concentrated to 73% before going to storage for shipping. 

Muriatic Acid (Hydrochloric Acid , HCI) 

A small stream of compressed hydrogen is burned in the presence of chlorine to 

produce hydrogen ch loride gas. This gas is then absorbed in water to iorm a 

solution which is 35% muriatic acid and 65% water. This solution is stored in 

fibreglass tanks for shipment. 
I 

SAFETY AND ENVIROf';l_MENTAL PROTECTION 

Emergency Vent Scrubber (EVS) 

The (EVS) chlorine scrubbing system was installed to handle process upsets in the 

diaphragm cells and/or the chlorine liquefying system. The system is designed to 

handle the entire plant capacity to prevent chlorine being vented to the 

atmosphere, however, actual usage is measured in seconds or minutes. 
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Disposal Tanks - Chlorine Neutralization 

There are five disposal tanks situated around the plant that are used to absorb 

chlorine vented from empty rail cars, storage tanks, barge tanks and the 

uncondensed gas from the chlorine liquefying system. 

The two above systems use 15% caustic soda as the absorbing medium. The 

spent caustic soda (now bleach) is broken down to salt and returned to the salt 

area. 
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4 HAZARD IDENTIFICATION AND FREQUENCY ANALYSIS 

The methodology used for identifying potential hazards associated with the North 

Vancouver Plant and the techniques used in analyzing the frequency of occurrence 

of these hazards are described in this section. The hazardous events selected for 

further analysis and their estimated frequencies are also presented. The 

hazardous events of interest to the present study are the occurrence of chlorine 

releases into the atmosphere. The major hazard of concern is toxicity of a chlorine 

cloud that has the potential to impact areas outside the plant boundaries. 

4:l 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 October 25 to 29, ·1 993, and 

systematic examination o'I each plant system from the point of view of 
' potential chiorine releases. 

4.2 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 existing historical accident records for 

chlorine releases. Numerous sources were contacted to obtain the historical 

records . These were examined to see if they could applied in the risk assessment. 

The various sources contacted during the project are identified in the following 

discussion on the historical records and the results obtained are presented. 
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The second approach involved Fault Tree Analysis which is a common approach 

when the events of interest have a very low probability of occurrence, i.e., they 

have occurred only very infrequently or not at all in the past. Top level fault trees 

are presented for selected systems which could not be modelled adequately based 

on historical data alone. A brief discussion of these techniques is provided prior 

to the frequency analysis results for each system. 

The balance of this section will be organized according to the system analysed. 

A discussion will be provided on t11e 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 niade. The final result estimated for 

each scenario will be provided. 

4.2.1 Historical Incident Records 

The use of historical records in risk assessment assumes that the historical record 

is complete and the population of events is large enough so that the event 

likelihood determined is statistic?IIY significant. The record of reported occurrences 
, 

should include failure modes such as human factors,· common-cause failures, 

management systems and industrial sabotage (CCPS, 1989). 

The application of incident records in risk assessment must satisfy several criteria 

which include: 

the number of recorded incidents must be related to some exposure term 

(called a divisor) so that a frequency estimate can be made, e.g., plant 

years, pipe\ine mile-years, truck.km, etc.; 

data are from an appropriate source, i.e., applicable to the case at hand; 

• sufficient records exist so that the data are statistically meaningful. 
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Several sources were identified and approached during the study in order to 

develop incident likelihood estimates for the plant. The following contacts were 

made: 

Environment Canada, Environmental Emergencies Branch 

Ministry of Environment and Energy, Ontario Action Center; 

BC Environment, Environment Emergency Office; 

U.S. Environmental Protection Agency, Chemical Emergency Preparedness 

and Prevention Office. 

The Chlorine Institute. 

The data obtained from the Chlorine Institute were chosen on the basis that it 

represented the largest population of opera.ting producers of chlorine. Release 

data from the Chlorine Institute covers the period 1989-1992. Data on provincial 

incidents provided useful information on the incidents for producers and users in 

each province but the number of p roducers covered is small when compared to 

the Chlorine Institute data base. The federal government database {NA TES) is not 

as comprehensive and is noti complete Ior the later years, e.g~. not all the 

provincial incidents are lncluded in the NA TES database, lt provided useful 

incident information suitable for use ln the hazard identification step, but not 

suitable for use in frequency '-analysis. The information from the US EPA suffers 

from similar limitations. 

4.2.2 External Events Analysis 

External events can impact the plant and lead to major hazardous events. The 

major categories are: 

Natural Events - earthquakes, floods, tornadoes, extreme temperature, lightning, 

etc. 
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Man-Induced Events - aircraft crash, missile, nearby industrial activity, sabotage, 

etc. 

Some of these events were considered in the frequency analysis. Earthquakes 

were found to be the most significant external events for present purposes. The 

earthquake analyses conducted for the present study are presented in 

Appendix A1 ((a) and (bl). · 

The typical steps when determining the event frequencies associated with external 

events are: 

estimate the plant system/structural response to a specified external hazard 

intensity, e.g., the response of inter~st is a failure leading to a release of 

chlorine as compared to 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 point discrete estimates are 

generally adequate (CC_PS, 1989); 

estimate the frequency of exceedance of this intensity, 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). 

Some of the uncertainties associated with external event analysis is the 

component fragility/vulnerability analysis. Also, when external event results are 

combined with historical failure data, the possibility of double counting exists. 

Uncertainties with external events analysis are potentially higher than other parts 

of the frequency analysis (CCPS, 1989). 
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4.2.3 Fault Tree Analysis 

Fault trees are logic diagrams that show how a system can fail. Fault tree analysis 

usually starts with a top event identified in the hazard identification step. Top 

events are major events such .as toxic or flammable material releases, or vessel 

failures, 10-20 top events are usually sufficient to characterize the risk from a 

single process. Beginning with the top event, the necessary and sufficient causes 

for the top event are identified together with their logical relationship. This is 

accomplished using a "backward logic"., asking questions like "How can this 

happen?" or "What are the causes of this event?" To follow the events within a 

plant, it is useful to use a guide wo'.d approc3;ch, p.nd for each line ask questions 

like: 

What would cause [no, more, less] [flow, p'ressure] in this line ? 

and go backwards until an basic event with a known frequency, such as pump 

failure or human error, is identified. 

Fault tree construction is an art rather than a science. Manually constructed fault 
' 

trees are inherently subjective and may be incomplete. However, the technique 

allows the fullest possible expression of the analyst's understanding of the system 
' 

and can provide great insights into the potential failure modes. Manual 

construction of fault trees is the most common approach. 

In the present study, fault trees have been used in developing some of the event 

frequencies , as described in Appendix 2. 

4.3 SELECTED REPRESENTATIVE RELEASE EVENTS AND ASSOCIATED 

FREQUENCIES 

The hazards identified as a result of the hazard identification step are described 

in detail in Appendix 2, separately for each system at the plant, 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 

ii) the selection of events for further examination, taking into account their 

frequencies, and their potential impact potential where possible. 

The events selected 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 

EVENT 

1.ia 

1.1b 

·1.2 

1.4 

I 2.1 

3.1 

3.2 

4.1 

I s. -1 

6. 1 

6.2 

6.4 

I 7.1 

A 

4-7 

Summary of Events Selected for Further Analysis 
- Current Operational Setting 

DESCRIPTION 

Large Breach of 600-tonne Storage Tank 

Large Breach of 300-tonne Storage Tank 

Small Breach of 600-tonne Storage Tank 

PSV Release from Storage Tanks 

jlarge Breach of Pump Tank I 
Breach of Liquid Line to Barge (Long Segment), 

Brea.ch of Liquid Line to Barge (Small Segment) 

In-Plant Gas/Liquid line Breach (High Pressure Side) , 

I Large Breach of Rail Car I 
Large Breach of Barge Tank (Marine Accident) 

Small Breach of Barge Tank 

Barge Tank Loading Arm Failure 

I Scrubber Release 1 I 
Large Breach of All Storage Tanks .. 

FREQUENCY 

(event/year) 

2.1 X 10"4 

2.1 X 10"4 -

;o-3 

0.094 

2.1 X 10-4 l 
0:! 4 

0. 14 

0.031 

1.25 X 10-G I 
10·5 

10·4 

1.8 X 10-S 

0.41 I 
2.1 X ·j 0·4 

BOVAR-CONCORD Environmental 



TABLE 4-2 

EVENT 

1.1 b(i) 

1.1 b(j) 

1.1b(k) 

1.2b(j} 

1.2b(k) 

1.4(i) 

1.4(j) . 

I 2.1 

4.1 

4 .2 

I 5.1 

I 7.1 
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Summary of Events Selected for Further Analysis 
- Alternative Operations with Reduced Inventory 

DESCRIPTION 

Large Breach of 300-tonne Storage Tank - Large Release 

Large Breach of 300-tonne Storage Tank - Medium 
Release 

Large Breach of 300-tonne Storage Tank - Small Release 

Small Breach of 300-tonne Storage Tank - Large Release 

Small Breach of 300-tonne Storage Tank - Small Release 

Large Release from PSVs I 

Small Release from PSVs 

I Large Breach of Pump Tank ' I 
Large Release from In-Plant Gas/Liquid Line Breach 
{High Pressure side) 

Small Release from In-Plant Gas/Liquid Line Breach 
(High Pressure side) 

I Large Breach of Rail Car I 
I Scrubber Release I 

FREQUENCY 
( event/year) 

3 .3 X 10-G 

1.3 X 10-4 

2.0 X 10-4 

0 

0 

10-4 

0.094 

3.3 X 10-4 I 
0.031 

0.279 . 

1.25x10-6 I 
0.41 I 
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5 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 different 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 vi/here data suitable for estimating 

atmospheric stability using standard schemes is at Vancouver International Airport. 

This location is too far from the Plant, with a very different topography. The data 

from this station are therefore not useful for the purposes of the present study. 

There are several GVRD stations in the area. The station closest to the. Plant is 

the Second Narrows Bridge Station (Station TG) which is located east of the Bridge 

and west of the Plant. The data, from this station include (vectorized) hourly wind 
.. 

speed and direction data but not any measurements which can be used for 

determining atmospheric stability. There are three other GVRD stations in the 

area where , in addition to wind speed and direction, temperature is also measured. 

These are Anmore (T7), Rocky Point 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 T?, T9 and T14, respectively). Although the 

meteorological parameters measured at these stations are not sufficient to 

estimate atmospheric stability at any one of these locations, it is possible to derive 

an approximate effective stability class using the temperature measurements from 

the three locations with a temperature-gradient-based scheme assuming that the 

temperatures from the three locations would be representative of the temperatures 

at different heights at the same location. Clearly, this assumption would likely 

introduce large uncertainties; however it also represents the best that can be done 

with these data. 
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Two years' of data (1 990-91 ) from the three stations (T7, T9, T14) were processed 

tor the present study. The hourly stabilities which were estimated for each 

temperature difference pair (T7-T9, T7-T14, T9-T14) were averaged to generate 

an approximate effective stability to represent the dispersive regime for any 

release at the Plant site. The hourly effective stability data generated in this way 

were then merged with the hourly wind data from the Second Narrows Bridge 

Station to generate a data set which would represent approximately the dispersion 

conditions in the vicinity of the Plant. 

Another data set available for us is the set from Canadian Oxy's own 

meteorological tower at the Plant. All the 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-line weather information in case of an 

emergency. 

Keeping in mind the limitations of the available data sets, the two data sets were 
j 

analyzed for purposes of the present study. The wind roses for the two sets are 

presented in Figures 5-1 and 5-2. The patterns are quite similar, indicating that 
' 

the wind direction frequency information based on these data sets can be used 

with some confidence. The stability information however poses some 

uncertainties. The joint frequency distribution of stability, wind speed and wind 

direction from the two data sets are shown in Tables 5-1 and 5-2. The data have 

been grouped together into two stability classes made up of Pasquill stability 

classes A-D (unstable to neutral) and E-F (stable), in anticipation of the ensuing 

consequence assessment. Use of tvvo classes provides sufficient resolution to 

understand the range of possible hazard zones, while at the same time reducing 

the amount of effort required in modelling the spill scenarios. 
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