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1 Introduction 

TransCanada Pipelines Limiied and Petro-Canada have jointly proposed to constiuct and opei-ate 
a liquefied naturai gds (LNG) import terminal, denoted as the Cacouna Energy Projeet'; in Gi-os 
Cacouna, Quebec. To reach this terminal, ocean-going LNG tankers must move through the Chenal 
du Sud of the Si. Lawrence River. Both the ieminal site and ihe taiikei- route are potential sources 
of LNG spills and their attendant hazards to humdn hedith. 

Natui-al gas, a hydrocarbon fuel, is usually piped directly from a gas well to the eiid coiisumei-, 
nevei- being stored iocdly in large amounts. When cool& 10 liquid form. however. as mush as 
80,000 tons can he stored in insulatrd tanks 011 land or aboai-d ship. Iii  this fomi it is especially 

t escapes by accidmt from its container, spilling onto ground or water and turniiig very 
rapidly into gaseousform, whereupon it will mix with air andthen hum if ignited. Dy its verynature, 
an L?& imporl terminai and its associated tankei- traffic constitutes a harai-dous indusuiai cornplex 
which could expeiience accidentd fires that might harm surrounding populations and property. 

To build and operate an LNG terminal at the Gros Cacouna site, Energy Cacouna musi Obtdin 
permission froin national and provincial authorities. The authorities' objective in safety regulation 
is to limit, but not necessarily prevent, harm to pei-sons and property outside the confines of the 
terminal site, should there be an accidmtal release of LNG at ihe site. The principal hamiful effects 
are two: vapor plumes or clouds that can be ignited outside the site boundaries and harmful thermal 
radiation fi-om on-sire fires that exteiids aci-oss the site boi-ders. But the authorities' safety niles 
do not consider al1 credible spills on the site or any from the LNG tankers while in transit ta the 
terminal or heing unloaded, a significant oversight that fails to protect public safety. 

This repoi-t explains the safety hardi-ùs thai will he associated witht the Cacouna Energy project. 
It delineates the geographic extent of harmful effects thai could be expected from LNG spills at ihe 
site or from marine tünkers appi-oaching it. 

2 Site selection criteria 

The official site selection rules (CSA)' require the LNü terminal owner to install extensive tech- 
nological featui-es that will limit the hamiful consequençes of an accidental spill of LVG to within 
the property line enclosing the terminal. The harmful effects are twofold: combustible mixtures 
of vapor and air. such as might be diiven hy the wind blowing over an evapoi-atiiig pool of spilled 
LNG. and thermal radiation from a fil-e burning above a liquid spill on the site. The types of spills 
to be considerd are ais0 twofold a spill from transfer piping connecting the storage tanks tu the 
regasification facilities, and the failure of the primary storage tank enclosure. 

Limiting these effects at a terminal requires the construction of impounding areas surrounding 
potential spill sources so as to collect the spilled liquid and slow its vapoiization or burning rate. If 
the spills are susciently small or slow, hannful effects will not extend heyond the site houndaiieb. 
For Wansfer line spillr, the LKG is collected in a central impounding area. For storage tank spills, 
the primail storage container is sumunded by a secondary containment tem which can contain 
al1 the LVG that might spill from the pnmaq container. 

The potential foi- harmful effecis io humans froni a given spill decreases with distance from the 
spill site. The hamful effect ofignitahle natui-al güs vaporis measured hy the flammahiiity distance, 
a distance down wind fi-om ihe spill rite ai which the vapor has been so diluted by mixiug with air 
that it cannot be ignited. Any ignition at a closer distance can propagate a Rame, but that Rame will 



not propagate beyond the flammahility disiance. If the latter distance lies within the site boundary, 
no flame caii extend heyond that boundav. 

Thermal radiation from on-site LNG fires fed hy an evaporating pool o f  spiiled LU(; can cause 
pain aiid iirst. second or  third degree burns to the skin ofhumans exposed to the radiation, depending 
upon the intensity of radiation. For a given fire, this inteiisity deçreases with distance liom the fire. 
The leasi intense thermal radiation that CS,A rules allow humans outside the site houndary io he 
exposed to is 5 kilowatts per square meter, an amouiit that produces second de&ree burns aRer only 
thirty seconds exposure.' 

The CSA requirements for the proposed Çacouiva terminal can be estimatcd frum the Envirori- 
mental Impact Statement for the Inring Oil project in New Brunswick." This project. consisting 
of storage tanks and an unloading pier. employs the technology likely to he used at the Cacouna 
Energy facility. For the latter facility, it is to he expected that neither radiation nor flanimahility will 
exceed the CSA limits heyond the site boundary. 

3 Risks that the CSA standard ignores 

There are several important public safety risks that are iiot coiisidered in the CSA regulations dis- 
cussed ahove. 

1. First of all, CSA'sregulations ignore 'worst case' spills, in which the outemost containment 
system, whether on land or marine tanker, fdils, allowing LNG to spi11 ont0 grouiid or water, 
where it would evaporate or burn. Because the lateral exteiit of suçh spills would he so mucb 
greater than those considered iii the CSA regulations, it is to be expected that their harmful 
effects would exist very far beyond the site boundaries, including the marine tanker route to 
the terminal 

2.  Secoiidly, CSA allows damaging thermal radiation beyond the site houndary as long as its 
level is below 5 kilowatts per square nieter. However: it is iiot until the thermal radiation in- 
tensity falls below 1.6 kilowatts per square meter thst there is no damage to exposed humans. 
A safe radiation distance for fires would he that for which the thermal radiation level does 
not exceed 1.6 kilowatts per square meter. Distances at whkh the radiation exceeds this value 
would define a thermal radiation danger zone. 

Toshow how public safety van be adversely affected by credible spills that have beeii overlooked 
by the CSA standard, we have calculated these effects', summanzed in Table l and descrihed below. 
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Table I : Flamniability and radiation distances for ‘vïorst case’ spills 

Spill source Volume Flnmmability Thermdi radiation 
(cubic nieterr) danger zone (km) dangei zone (km) 

Storüge tank 160.000 6.1 I .4 

Tanker hold 23.000 7.1 3.0 

3.1 Thermal danger zones 

The thermal radiation danger zones for the largest spills from a swrage tank and a marine tanker at 
the unloading pier, listed in Table 1 ,  are shown in Figure 1 .  Both of these extend weil beyond the site 
boundanes, espwially so for the tanker spill with fire. Altogether, about 2 square kilometers of  land 
in the üros Cacouna area is affected by the storage tank spill with fire, while 7 square kilometers of 
land are at nsk from a tanker spill with fire at the unloading pier. 

3.2 Flammable vapor danger zones 

The blue circles in Figure 2 depict the flanimability danger zone for a spili, without fire, from 
both a storage tank and the marine tanker while iocdted at the terminal pier. For any such spill. 
the Aammable vapor plume or Cloud would extend from the spill site about 6-7 kilometers in the 
downwind direction. encompassing an area of about 6 square kilometers. 

3.3 Tanker danger zones 

Spills from a fully loaded L N ü  tanker can occur not only at the unloading dock, as shown in Figures 
I and 2 ,  but also at üny point along the ship channel while approaching the terminal. At each point 
dong the sbip’s route, thermal radiation and flamniable vapor danger zones, of the sizes given in 
Figures I and 2.  will move with the ship’s travel toward the terminal. It is cleai- that danger zones 
extending up to 5 kilometers inland from the waterfront will exist al1 along the approach path to the 
termiml. 

4 Conclusions 

1.  The CSA safety requirementa for the proposeà Cacouna Energ\. LNG terminal wil1 not 
prevent harm to humans outside the site boundarg because they ignore large spills 011 

land and al1 spills from manne tankers, whose harmfnl effects spread well beyond the 
terminal’s boundaries. 

2. Thermal radiation danger zones from these spills extend as far as 3 kilometers from the 
spill loeation. Flammable rapor danger zones extend even further, about 6 kilometers 
from the spill. 
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Figure 1: The Rirnmabk vapor danger zones iw +Ils listed in Tnhle 1 .  Bhie circles are distances 
to an 1.NG vapor soncennstion of 1.5 O.0 ïw a spll !vithout tire; srnaller for l o s  of iontainment o ï  
land htorage tank. Inrger icx hpdl ironi one hold i>i 1 . X  tanker. S marks the tankcr spill location. T 
the lsnd storage a& los3tion. 
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3. For a tanker spi11 anywhere along the route leading to the 1,NG terminal, thermaj ra- 
diation and H a ~ m a ~ I e  vapor danger zones ean reaeh the shoreiioe if the tanker is Iess 
than 3 or 7 kilometers, respeetively, from the shore. 
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1 Introduction 

TransCanada Pipelines lrmited and Petro-Canada have jointly proposed to construct and operate 
a liquefied natural gas (LNG) import terminai, denoted as the Cacouna Energy Project', in Gros 
Cacouna, Quebec. To reach this terminai, ocean-going LNG tankers must move through the Chenal 
du Sud of the St. Lawrence River. Boih the terminal site and the tanker route are potential sources 
of LNG spills and their attendant hazards to human health. 

EnergyCacouna has published an Environmental Impact Study ' that addresses the dangers froni 
accidental (or intentional) spills of LNG. The potential harm to the public is of two types: exposure 
to thermal radiation fmm large fires at a spi11 site or envelopment in a burning vapor Cloud blown 
downwind of the LNG spill. 

This report explains the safeiy hazards that will be associated with the Cacouna Energy project. 
It delineates the geographic extent of harmful effects that could be expected from LNG spills from 
manne tankers at the terminai site. 

2 H a m  to humans from LNG spills 

The potential for harmful effects to humans from a given spiil is limited to a region surrounding the 
spill. The degree of harm is greatest close to the spiil and decreases with distance from the spill site. 
Far enough from the spill, harmful effects are insignificant. 

There are two levels of harm that need to be taken into account. The worst is damage that can 
result in death, immediate or after failed medical treatment. The second is lesser injury that may 
cause temporary or permanent impairment, physicai or psychological. 

To distinguish among the vanous levels of harm to humans. we define two geographical zones 
of harm surrounding the spiil site: thefatal@ zone and the injury :one. Within the smaller, fatality 
zone humans can be fataJly injured; within the larger, injury zone they can be harmed, but not 
necessanly fatally; outside the injury zone there will he no injury at ail. 

As explained below, each zone is described as a circular area, centered on the spiil site, with 
a radiai extent related to the level of harm, from either thermal radiation or v a p r  îlammability, 
appropriate to that zone. 

2.1 Thermal radiation injury 

Thermal radiation from LNG fires fed by an evaporating p l  of spilled LNG can cause pain and 
first, second or third degree burns to the skin of humans exposed to the radiation, depending upon 
the intensiiy of radiation and the duration of exposure. ,At high enough levels of exposure, death 
can ensue. 

For a given fire, thermal radiation intensity decreases with distance from the fire. For intensities 
greater than 5 kilowatts per square meter (kWim2), severe injury that can lead to death is possi- 
ble. The thermal radiation fatality zone is that within which thermal radiation intensity exceeds this 
value. On the other hand, a thermal radiation intensity of less than 1.6 kWimz provokes no notice- 
able injury. The thermal radiation injury zone is defined to he that within which thermal radiation 
intensity exceeds 1.6 kW/m2. 
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2.2 Fiammable vapor injury 

If an LMG spill does not catch fire at its source, the rapidly boiling liquid forms a plume or cloud 
that drifts downwind from the source. Fresh air is mixed with the vapor, diluting the vapor more 
and more with increasing downwind distance, making it easier to ignite. Eventually, however, it 
becomes so diluted that ignition is impossible, and there is no possihility of starting a flame within 
the cloud. 

Harm to humans can come from heing enveloped within a fire propagating through the vapor 
cloud, or k i n g  exposed to thermal radiation from such a fire nearby. Fatalities will result from close 
proximity to such events, while lesser injury will he possible if flammahility is possible only at a 
distance. 

The flammahle vapor fatality zone is associated with an average vapor concentration higher than 
5%; the corresponding injury zone with an average concentration half as high. 

3 Faîaiity and Injury zones for a tanker spiil 

The size of fatality and injury zones for a spi11 from a typical LNG tanker have been determined 
from three recent studies of LNG tanker spills, the results being listed in Table 1 .  The studies are 
identified hy the titles Cacouna*, FERC', and Sandia4. Each of these reports considers a spi11 from 
a iypicai LNG tanker onto water under nearly the same conditions.5 

For the thermal radiation zones, the three studies are in close agreement, a consequence of the 
similarity of the methodology and underlying science. But there is greater disagreement over the 
size of the flammability zone, reîiecting in part the different rnethods and the scarcity of relevant ex- 
perimental observations. To narrow the disagreement, the final column of Table 1 lists the geometric 
mean of the three studies in each category. 

The circularfatality (red) and injury (blue) zones for a tanker spi11 at the unloading pier of the 
proposed LNG terminai at Cacouna are shown in Figures 1 and 2 for thermal radiation and vapor 
flammability, respectively.6 The radial distances from the spi11 site to the zone edge for al1 these 
cases lie hetween 1.4 and 3.8 kilometers. Al1 of these zones reach well beyond the site boundaries 
and some clearly impinge on settied areas aiong route 132. 

2CacuunaRnergy, Envirullmçntal Impact Study, hup:!knergieeaeouna.~d/fr'rir.fr.html. 2(KK>. 
'Federal Energ) Regulato- Commission, "Cunsequencç assessrnent mcthods for incidents involving rcleasa 

from liquelied natuml gas carriers", Report 131-Oii <;EMS 12&320!9, ANS Consitlling, inc., May 13, 200.1 
(wwu.fi-r~.~o~iindusines/~as/indus-acf.a~), and its Attachment I of Juoe ZY, 2 0 4 .  as listed on thc FERC site ai 
http://fems.fere.eoviidmws!scarch;fe~~ge".~a~eh.~sp under docket A W 6 .  

4Sandia National lahoraturies., "Guidance on Risk analysis and M c t y  Implications of a large liyuetied Naturd a s  
(i,NG) Spi11 Ovçr Watei', Sandia reputi SANi>20«4-6258, 2 W .  

'The size of the injury zones are not dircctiy given in <.icouna and Sandia, but are ertrapulated from the size d t h c  
famlity zones. 

'The mnç siïes m h s e d  u p n  the gciimciric mean values of Table l 
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Table 1 :  Radiai extent (km) of fataiity and injury zones for thermal and flammability hazards of 
tanker spills 

Zone Cacouna FERC Sandia Geometnc mean 

îhennai radiation 

Faîality 1.37 1.50 1.31 1.39 
lnjury 2.37 2.60 2.26 2.40 

Fiammability 

Fatality 1.83 4. IO 2.45 2.64 
lnjury 2.63 5.90 3.53 3.80 
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Figure 2 The fatality (red) and injury (blue) zones of vapor Rammability hazard from a tanker spi11 
at the unloading pier (S), as listed in Table 1 .  
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Re: cacouna project 

Sujet: Re: cacouna project 
De: James Fay <.jfay@MIT.EDU> 
Date: Wrd, 1 Mar 2006 14:33:00 -0500 
Pour: josbou@cegep-rdl.qc.ca 

Gosee: 

1 w i i i  he  g i a à  50 respond t o  an i n t e r v i e w  on îamera,  â t  whatever t ime woiiid he 
convenient  f o r  your scheduie .  i have a i r e a d y  such an agreerkec t  with t h e  group 
c o r t e s t i n g  t h e  Rabaska i e r m i n a i .  

i w i i i  n e i t h e r  charge nor accept  a f e e  f o r  t h i s  i n t e r v i e w .  

YOU can aiways c o n t a c t  me by phone a t  t h e  nünber below. 

Regards,  

J .  Fay 



~ e :  Cacouna project 

Sujet: Re: Cacouna project 
De: James Fay <jfay@MIT.EDU> 
Date: Thu, 4 May 2006 16:29:24 -0400 
Pour: josbou@cegep-rdl.qc.ca 

Licsec: 

Here i s  a d e s c r i p t i o c  of  a r e q u e s t  f o r  f ü r t h e r  i n f o r m t i c n  t3 be inc iuded  i r .  t h e  
Eïl c h a t  would k e l p  t o  show nsw t h e  r i s k  ex tends  t o  m u c n  g r e z t e r  distances t h a n  
r e p o r t  now acknowlecges: 

"?he r i s k  a n a i y s i s  i s  i r x o n p l e t e ,  s i i ice  i t  coes  n c t  incl .uae t h e  assessrnen-c vf 
i nd iv idua l .  r i s k  f o r  pe r sons  i n  p c p ü l a t e d  a r e a s  oz Cacouna wno car. be narmed by t h e  
l a r g e s t  a c c i d e n t s  a t  t h e  t a n k e r  and t e r m i n a i .  

F i g j r e  9.4-6 p r e s e n t s  i n d i v i d u a i  r i s k  ,contours f o r  a c r i d e n r s  l i s e o d  in Table 9.4-15 

s r a i e  a c c i d e n t s  w i t h  s p i l l s  f r o n  t h e  n a r i n e  r z n k e r ,  n a r i n e  r r a n s f e r  l i n e s ,  and 
s t o r a g e  t a n k s  whose harmful conseqüentes  w o u l i  ex t end  t o  3 k i l c n e t e r s  f r o n  t h e  
spi11 s i t e .  This  f i g u r e  shou ld  be ex tanded  t o  i n c l u a e  ir.divia.;ai r i s k  con tour s  f o r  
such accident ; ,  no m a t t e r  how s n a l l  t h e  i n d i v i d u a l  r i s k  nay be,  o u t  t o  t h e  d i s t a n c e  
where f a t a l i t i e s  might be encoupcered frnm t h e  worst  c a s e  a c c i d e n t s ,  a s  l i s t e a  i n  
i t ens  7 - 10 of t a b l e  9.4-16." 

Ycu car. add t o  t h i s  some e x p l a n a t o r y  n a t e r i a l  of  why t h e  EIS i s n ' t  t e l i i n g  t h e  f u l l  
s t o r y  of t h e  dangers  from Che t e r m i n a l .  

1 wiil t r y  t o  r e v i s e  ny r e p o r t  soon, making it s h o r t  b ÿ t  5 -ppor t ing  xy a n a l y s i s .  

:.:suaily, t h e  h e a r i n g  r e c o r d  i s  h e l d  open f o r  a l imiteci  t i m e  so t h a t  w r i t t e n  
:iormec:s can be sübmi t t ed .  I f  my r e p o r t  i s  n o t  ready for t h e  hearing, it can  be 
aunmitced a f t e r w a r a s .  I n  some c a s e s  tn i s  i s  more e f f e c t i v e ,  o s p e c i a l l y  f o r  a 
t e c h n i r a i  r e p o r t .  

Regards,  

J .  Fùy 

i ,.,at i p r e s e n t  t h e  major r i s k  t c  i n d i v i d u a l s  i n  che termir ia l  a r e a .  I t  exc ludes  l a r g e  



Cacouna2 report 

Sujet: Cacouna2 report 
De: James Fay <jfay@MIT.EDU> 
Date: Thu, 1 1  May 2006 09: 15:42 -0400 
Pour: josbou@cegep-rdl.qc.ca 

Josee: 

1 have finishea revising my Cacoma reprrt. 1 have T.?Aled a hard copy to ycur hcme 
address. This is suitable fcr reproduction. 

EnrLosed is a pdf file of rhe repart. Vnfortnnately, ir does a terrible job of 
reproducing the illusrrations because cf prabiems with my software. That is why 1 
haire sent a hard copy. 

You can see that the spi11 hazards are rzot as great as in ny first report, for 
reasons 1 won't try to explair: here. But the references 1 have used, which include 
the Carauna EIS, are unassailable, so CacounaEnergy won't be able to dismiss them. 
Neverrheless, my analysis should De useful for givLng the public same idea of what 
the worst case effects might be. 

Regards, 

2. Tay 

James A. Fay 
_ _  
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