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EXECUTIVE SUMMARY 

The Explosives Branch of Natural Resources Canada has evaluated the potential effects of a 
proposed liquefied natural gas terminal (LNG) on the Transport Canada port at Gros-Cacouna, 
Quebec. The scope of work was to evaluate the technological risk assessment provided by the 
promoter of the project and to assess whether the current or future operations of the Transport 
Canada port might be put at risk or otherwise affected by the proposed terminal.  
 
The technological risk assessment was carried out by Det Norske Veritas on behalf of Cacouna 
Energy. In our opinion, Det Norske Veritas were qualified to carry out the technological risk 
assessment. The methodology used by Det Norske Veritas to calculate risks follows is well 
accepted. 
 
From the point of view of the Transport Canada port, the main conclusion of the technological 
risk assessment is that there is less than a 10-in-a-million chance that a person situated 
permanently at the Transport Canada port would be killed in a given year. This level of risk is 
generally acceptable for commercial operations. In broad terms, an accident at the onshore 
facility should have little effect on the TC port at Gros-Cacouna. We believe that this conclusion 
is credible. 
 
A second conclusion from the risk assessment is that the worst-case scenario related to accidental 
release of LNG from a carrier could produce hazardous heat radiation out to 1400 m and a 
flammable vapour cloud out to 1800 m. As a result, the Transport Canada port could be affected 
in such an event. However, the cumulative frequency of all LNG carrier accident scenarios with 
significant spills was calculated by Det Norske Veritas to be less then one in three million years 
and classified as “negligible”. Again, we believe that this conclusion is credible. 
 
The risk assessment deals only with accidental releases of LNG. No consideration is given to the 
possibility of deliberate (i.e. terrorist) attack on a LNG carrier. It is assumed that the probability 
of a deliberate attack is negligible. This omission could be important, as the consequences of a 
deliberate attack could be more severe than from an accidental spill. An assessment of the 
probability of a deliberate attack should be carried out by security personnel and is beyond the 
scope of this report. 
  
Based on the information provided to us, and with certain qualifications, we believe that the 
presence of the proposed LNG terminal at Gros-Cacouna should not present unacceptable risk to 
workers at the Transport Canada port and should not unduly effect the operation of the port. 
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RECOMMENDATIONS 

We recommend that Transport Canada carry out the following actions: 
 

• Ask the federal security agencies and a technical committee to work together to review 
the risk of a deliberate attack and the magnitude of the damages that may result. If there 
are no efficient security measures to prevent this kind of event, or if the maximum breach 
size in a carrier used in the DNV evaluation seems inappropriate, ask Cacouna Energy to 
provide a risk assessment based on a different worst-case scenario.  

• The proposed project does not address the pipeline that will be needed to transport the 
natural gas and which may pass close to the Transport Canada port. Cacouna Energy 
should provide at least a draft plan for the future pipeline and a preliminary assessment of 
the risks associated with it. 

• Ask Cacouna Energy to develop an emergency response plan that includes the Transport 
Canada port in the unlikely case of a large LNG leak from a carrier or onshore.  

• If the LNG terminal is approved, carry out a quantified risk assessment on the explosives 
handling operations at the Transport Canada port, to establish if the explosives operations 
should continue.  
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INTRODUCTION 

The Canadian Explosives Research Laboratory (CERL) of Natural Resources Canada (NRCan) 
was approached in May 2005 by M. Vincent Jarry of Transport Canada (TC) for assistance in 
evaluating the potential effects of a proposed liquefied natural gas (LNG) terminal on the TC 
port at Gros-Cacouna, Quebec. The promoter of the LNG project is Cacouna Energy, a 
partnership between TransCanada Pipeline and PetroCanada. 
 
The scope of work was to evaluate the technological risk assessment provided by the promoter of 
the project and to assess whether the current or future operations of the TC port might be put at 
risk or otherwise affected by the proposed terminal. TC approached CERL as the owner and 
operator of the Gros-Cacouna port. It should be noted that the work done by NRCan on behalf of 
TC reported on here was carried out independently of the provincial or federal regulatory 
processes undertaken by Cacouna Energy to obtain permission to go ahead with the project. 
CERL staff are also assisting TC with the TERMPOL marine security process associated with 
the same project. 
 
The work reported on here was carried out under the umbrella of the partnership between 
NRCan’s Energy Infrastructure Protection Division (EIPD) and CERL. The work was entirely 
sponsored by EIPD. 
 
ACTIVITIES 

M. Jarry and M. Bélanger of TC visited CERL on May 25, 2005 to introduce the project and 
provide the context for the work through a PowerPoint presentation (Appendix A) 
 
Following the visit, NRCan staff collected and analysed literature on LNG operations, with 
particular emphasis on existing risk assessments involving LNG facilities. The principal 
documents are listed in the bibliography. Copies of all documents are available at CERL. 
 
B. von Rosen and P. Lightfoot of NRCan visited Gros-Cacouna on August 24, 2005, along with 
several TC staff members. Enérgie Cacouna gave a more detailed PowerPoint presentation on the 
proposed facility (Appendix B) and answered a number of questions about the project. The 
NRCan and TC staff also toured the TC port of Gros-Cacouna and the planned location of the 
LNG terminal. 
 
Enérgie Cacouna (EC) initially provided a copy of Chapter 9 (Technological Risk Assessment) 
of their Environmental Impact Statement (EIS). NRCan staff reviewed the TRA and asked for 
more information and posed a number of questions, as per the email messages included in 
Appendix C of this report. EC then provided Chapter 2 (Project Statement) and Appendices X – 
XIII of the EIS.  
 
The remaining questions were addressed by EC and a representative of the risk consultant that 
produced the EIS (Det Norske Veritas (DNV)) at a meeting at CERL on November 22, 2005 
(Appendix C). 
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Finally, an assessment was made of the potential effects of an explosive event at the TC port, 
arising from an accident during transhipment of explosives at the port, on the proposed LNG 
terminal. The details of the calculations can be found in Appendix D.  
 
This report aims to summarise the results of the activities listed above. 
 
COMMENTS ON LNG HAZARDS IN GENERAL 
 
LNG is mostly methane. Methane is lighter than air, so does eventually rise into the atmosphere 
when spilled. However, LNG is very cold, so a large spill results in the formation of a pool of 
evaporating liquid. The cold vapour above the liquid can form a large vapour cloud. The vapour 
cloud and evaporating liquid represent mostly a fire risk. There is a potential for a vapour cloud 
explosion, if the cloud can mix well with air before being ignited. The blast damage from 
explosion of unconfined hydrocarbon-air mixtures can be devastating (e.g. the cyclohexane-air 
explosion in Flixborough, UK). However, unconfined methane-air mixtures are difficult to 
detonate and it is not generally thought that there is a serious blast hazard from LNG spills. 
 
There is a lot of literature on the subject of safety and siting of LNG facilities. Some of the 
literature can be found in the bibliography to this report. Very recently, there was a detailed 
study by Sandia National Laboratories in the US on the potential risks of a large-scale spill of 
LNG over water i.e. a large spill from a tanker; the study included a review of four recent 
modelling studies on LNG spills. All public studies of this kind create a lot of comment, both 
positive and negative, but Sandia is a very reputable scientific organization and their findings 
should be considered carefully. Some of the more important findings from the Sandia report that 
are relevant to the TC port operations follow: 
 

• For a large accidental leak from a tanker, a pool of burning liquid approximately 200 m 
in diameter could be formed over water, with “high” thermal flux hazards up to 250 m 
from the centre of the spill and “moderate” thermal flux hazards over 750 m from the 
centre of the spill.  

• Large LNG vapour cloud explosions were considered unlikely in the Sandia study, as 
they require the dispersion of a large amount of LNG before ignition. Most release 
scenarios would involve the prompt ignition of the escaping vapour. However, in the 
unlikely case of a vapour cloud explosion, the hazard range could extend up to 1700 m 
for an accidental spill. 

• The Sandia report also raised the potential for deliberate i.e. terrorist breaching of a LNG 
vessel. For a large leak from a tanker caused by a deliberate attack, a pool of burning 
liquid approximately 400 m in diameter could be formed over water, with “high” thermal 
flux hazards up to 500 m from the centre of the spill and “moderate” thermal flux hazards 
up to 1600 m from the centre of the spill.  

• The hazard range for a vapour cloud explosion as the result of a deliberate attack could 
extend to 2500 m i.e. as far as the town of Gros-Cacouna.  

 
As the port of Gros-Cacouna is approximately 1500 m from the distance of nearest approach of a 
LNG carrier under normal circumstances, three of the scenarios described above could have an 
impact on the TC port. 
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REVIEW OF TECHNOLOGICAL RISK ASSESSMENT 

The main activity carried out by NRCan staff was to provide an overall review the technological 
risk assessment provided by Cacouna Energy. The aim was to establish whether the risk 
assessment was credible and whether the risks to the TC port from a potential accident at the 
proposed LNG facility are acceptable. 
 
The technological risk assessment was carried out by Det Norske Veritas (DNV, 
http://www.dnv.com/) on behalf of Cacouna Energy. DNV is one of the world’s leading ship 
classification societies with considerable experience in risk assessment and safety management 
associated with natural gas. In our opinion, DNV were qualified to carry out the technological 
risk assessment. 
 
The risk assessment covers the proposed LNG terminal and the region of the St. Lawrence up to 
1 km offshore of the berth. The methodology used by DNV to calculate risks follows is well 
accepted: 
 

• Identify potential hazards and accident scenarios (e.g., LNG carrier hitting jetty during 
approach). Some 133 accident scenarios were developed. 

• For each accident scenario, estimate the frequency, preferably based on historical data or 
generic failure frequencies. Accident frequency calculations are prone to considerable 
uncertainty. 

• For each accident scenario, estimate the consequences, generally using DNV’s in-house 
software. 

• Combine the frequency and consequence for each accident to estimate individual risk 
(IR). IR is the probability of a fatality, per year of exposure, to an individual at a certain 
location. The IR from each accident scenario were combined to provide risk contours 
around the terminal.  

• Combine the frequency and consequence for each accident to estimate societal risk (SR). 
SR is represented by a FN-curve that displays the frequency of an accident associated 
with a given number of fatalities (e.g. accidents causing X fatalities will occur with 
frequency Y).  

 

Based on the methodology above and DNV’s input probabilities, the largest contributors (>80%) 
to the individual risk from the proposed terminal involve LNG leaks from on-shore process 
equipment, such as compressors. Note that the individual risk is a product of the frequency and 
consequence and so a catastrophic accident leading to a large loss of life may not be considered a 
high risk, if the calculated frequency is very low. 
 
One conclusion of the DNV technological risk assessment is that the individual risk at the TC 
port is less than 1x10-5, i.e. there is less than a 10-in-a-million chance that a person situated 
permanently at the TC port would be killed in a given year. This risk is acceptable for 
commercial operations, such as the TC port at Gros-Cacouna, based on the criteria developed by 
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the Major Industrial Accidents Council of Canada (MIACC). In broad terms, an accident at the 
onshore facility should have little effect on the TC port at Gros-Cacouna. 
 
A second conclusion from the risk assessment is that the worst-case scenario related to accidental 
release of LNG from a carrier could produce hazardous heat radiation out to 1400 m and a 
flammable vapour cloud out to 1800 m. These distances are somewhat more conservative than 
those for accidental releases from the Sandia reports and indicate that the TC port could be 
affected in such an event. However, the cumulative frequency of all LNG carrier accident 
scenarios with leaks was calculated to be less then one in three million years and classified as 
“negligible”.  
 
Appendix C contains the substantive questions we had concerning the risk assessment and the 
responses from DNV in the form of a PowerPoint presentation.  
 
 
REMAINING ISSUES 
 
While we consider that the risk assessment for the proposed LNG terminal is well done by a 
reputable company, there are a number of issues that were not fully addressed and which are 
listed in this section. 
 

• The quantified risk assessment relies heavily on assumed frequencies for certain events, 
such as ship-to-ship collisions. Many of the frequencies used are internal to DNV, or 
based on statistics purchased by them from other companies, such as Lloyds. DNV were 
not prepared to share with us the derivation of their frequencies, as they consider them to 
be company confidential information. As these statistics are not in the public domain, it is 
not possible to verify them. Effectively, we are being asked to trust DNV that their base 
frequencies are valid. This is probably not a huge concern, given that DNV is a well-
respected organization in the field of risk management, but it is incumbent upon us to 
point out that the core data used for the risk assessment is not verifiable. 

• The proposed project includes only the LNG terminal. It does not address the pipeline 
that will be needed to transport the natural gas between Gros-Cacouna and the intended 
connection to main pipeline network near Quebec City. The pipeline will need to leave 
the terminal and may pass close to the TC port.  

• The risk assessment deals only with accidental releases of LNG. No consideration is 
given to the possibility of deliberate (i.e. terrorist) attack on a LNG carrier. It is assumed 
that the probability of a deliberate attack is negligible. This omission could be important, 
as the consequences of a deliberate attack could be more severe than from an accidental 
spill. The maximum breach size in a carrier, whether from an accidental breach or 
deliberate attack, used in pool size calculations by DNV was limited to 1.38 m in 
diameter (1.5 m2).  This is equivalent to the maximum size for an accidental breach as 
calculated by Sandia. Calculations based on a breach of this size lead to the conclusion 
that an unignited vapour cloud dispersion and potential fireball reaching the TC port and 
surrounding area will not occur.  However, according to the Sandia report, the breach size 
from a deliberate attack could be four to five times larger (5-7 m2).  Consequently the 
vapour cloud and resulting fireball would also be larger and have the potential to affect 
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both the TC port and the surrounding area. We should point out that the size of a breach 
in a LNG carrier that could be caused by a deliberate attack is the subject of debate. For 
example, DNV considers that the “maximum credible” hole size from a deliberate attack 
to be 1.5 m in diameter (1.8 m2). An assessment of the probability and consequences of a 
deliberate attack should be carried out by security personnel and is beyond the scope of 
this report. 

 
• We have not been provided with an emergency response plan: the EIS only contains the 

elements of a future emergency response plan, to be completed once the project is further 
advanced. A residual concern is that DNV recommends that the emergency response plan 
not include a large vapour cloud dispersion because they consider the risk too low. It is 
necessary to consider the TC port in the emergency response plan. We suggest that a 
scenario with a large vapour cloud dispersion be included in incident management 
strategies. Since this scenario might represent unacceptable consequences, regardless of 
the calculated risk, the availability of safe shelters and community education/awareness 
should be examined closely.  

 
EFFECT OF PORT OPERATIONS ON LNG TERMINAL 

Most of the discussion of the effect of the proposed LNG terminal has focussed on the potential 
effects of a hazardous even at the terminal on the TC port operations. However, consideration 
should be given to potentially hazardous operations at the TC port and the effect they may have 
on the proposed LNG terminal.  
 
The one operation of potential concern that we are aware of is the transhipment of explosives 
that occurs a few times a year at the port. Up to 140 Tonnes of explosives can arrive on a ship. 
The explosives are unloaded into trucks, each of which can carry up to 20 Tonnes of product. 
Calculations were carried out on the potential effects of explosions involving either the a ship or 
a truck containing explosives. The details of the calculations can be found in Appendix D. The 
focus of the calculations was on whether an explosive event at the TC port could lead to a major 
event at the LNG terminal that could have an effect back at the port, such as the rupture of one of 
the LNG storage tanks. Potentially hazardous effects local to the proposed terminal, such as 
window breakage, were not considered. 
 
The conclusion of the calculations was that overpressure from an explosion at the TC port was 
unlikely to damage the LNG storage tanks, but that the potential fragments from an explosion 
could. Of course, this finding does not mean that the presence of a LNG terminal would preclude 
explosives transhipment at the port, but it would be advisable to carry out a quantified risk 
assessment on the current explosives handling operations should the LNG terminal be approved. 
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Presentation Objectives 

1 



Location of LNG carrier terminal 
projects in Canada 

Location of the 
Cacouna Energy project 



Project Goal : Carrier bmsportation of liquefied naturai gas to 
Gros-Cacouna Port 

l 
l l  

... i 
, . -  

< <  

Between 40 and 60 vessels per year 
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Schematic view of a carrier terminal 

Cacouna Energy project 
parameters 

The project includes : 
- Wharfthat c m  accommodate vessels with a transport 

capacity of 140,000 m3 to 230,000 m3 
- Unloading equipment 
- Two Storage tanks (160 O00 m3 each) 
- Facility for the gasification of liquefied natural gas 
- Nitrogen injection unit 
700 M$ 
Employment for 1 O00 people over the three year 
construction penod 
40 permanent employees 

Cmently excluding the 8 gas pipeline >FEZ 
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Environmental impact of the 
Cacouna Energy project 

As liquefied natural gas evaporates very quickly, it has 

Vessels require k 2 O00 tomes of fuel to operate 
Natural gas is flammable and requires a 1 to 2 lan 

Visual impact 
Noise impact during construction 

practically no impact on the environment 

buffer zone, but it explodes with difficuity 
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LNG - Safety dossier 
According to the developer 

An exemplary record on safety for more than 45 yrs 
- 40,000 carrier joumeys 
- 100 miliion kiiomeîres travelied 
- No serious injuries or fatal accidents 

LNG is not flammable 
LNG is not explosive 
LNG equipment uses the best operathg methods 

Three levels of protection : 
available 

- LNGçtorage 
- Detection and reduction of leaks 
- Safetyzones 

!2  
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Safety Zones 
Accordingto the developer 

Safety distances are set up to conform with the Canadian 
Standards Association code CSA 2-276 
Protection area for the local communiîy in the unlikely event of 
an LNG incident 
- Fire radiation iimit within the temiinal zone 
- Predictable iimits for any vapour Cloud resuiting nom specified LNG 

spiilage 

l 

Legal obligations baseù on conservative evaluation of the 
dangers 
Safeîy zone dimensions are dependent on site conditions 
Terminai concept îakes safety distances into account 
Boundaries of safeîy zones will be far from neighbouring 
communities 
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Safetv Zones 
AccordingL the developer 

14 
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Safety analysis - method 
According to the developer 

Danger identification 

Frequency consequence 
assessrnent assessrnent 

Rlsk assessrnent 

Safety analysis 
According to the developer 

DNV confrm that the Cacouna Energy site u4l be able to receive and 
store LNG safely. 

by Lloyds List 
- D h Y  Awarded the distinction of %est Classification Society in the World” 

- Dhlr  classiiied vessels have the lowest withholding rate 
A4ccident scenarios involving carriers, unloading operations, storage 
tanks, and treatment equipment have been examined 
The risks indicated for this project are signrficantly less than the 
Dhiv’s recommended acceptance critena, and they conform with the 
official critena of numerous administrations worldwide 
The safety r ish associated with even the worst carrier scenarios are 
neelieïble .,” 
- The cumulative &equency of accidents involving LXG carriers is less than one 

in îhree miliion years. 
The most serious potential accident involves storage tanks, and does 
not pose any nsk to people outside the terminal 
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Safety analysis - results 
According to the developex 

Transport Canada Roles 

Orner  and operator of Gros-Cacouna port : 

Regulatory role under the : 
- Canada Marine Act 

- Navigable Waten Protection Act 
- Canada Sbipping Act 
- Canadian Environmental Assessment Act 
- Marine Transportation Secunty Act 

9 



Role of the Port orner  

Responsibility for the security and safety of 

To ensure that carrier terminal activity can 
port operations; 

operate safely side by side with existing port 
operations, as well as with any developlnent 
projects of the latter, for example; for 
cabotage; 
To ensure close cooperation in the area 

Requirernents of Transport Canada 

Transport Canada requires counter- 
expertise to validate the results 
presented by the developer in order to: 
- Update OUI emergency plan for the port 
- Ensure the validity of the developers activities 
- Prepare Transport Canada for public 

consultations on the environmental assessment 
- Improve a (( cohabitation )) study between the 

LWG carrier terminal and a cabotage project 
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ISSUES : 
Transport Canada must cany out al1 of its roles in 
complete transparency to: 
3 Avoid any perceived conilict of interest; 
> Take into account the sensitivity of public opinion. 

Cabotage project : Feasibility study for a link north- 
south Gros-Cacouna - Baie-Comeau (initiated by the 
Gros-Cacouna Port Facilities Development Commission 
- December 2004) : 
> 222 lraiier trucksiweek at the pon ; 
> Vesse1 presence to secure the no&-south linb: 2x/day at the port; 
3 Transport Canada must ensure tbat the 2 projects (Cacouna Energy Projecr, 

and the north-south link project) do not connict with physical installations 
or current and future maxitirne traffic. 

ISSUES (continued) : 
- Project timeline is a major issue for the developer and the 

Ministry must take this irito account; 

Malécite-de-Viger and Mi’gmak First Nations land 
claims; 
- A feasibili’iy study for a recreational-tourist project has 

been ftnanced by the Ministry for Indian and Xorthern 
Affairs 

The Department has teamed up with the port 
Company to cany out a cohabitation sîudy for the 
carrier terminal and other port projects; 
Transport Canada is on cal1 for other similar projects 
throughout the country. 

22 ;. -s 

11 



QUESTIONS ? 

Regulatory Role : 
Navigable Waters Protection Act 

To ensure that the new carrier terminal does 
not hinder navigation or maritime safety. 

* A permit must be granted to set up the 
terminal; 

* Issuance of the permit must coinply with the 
Canadian Environmental Assessrnent Act; 
The TERMPOL process applies for the 
assessment of this project 



Regulatory role : TERMPOL process 
The arriva1 of this type of vesse1 requires a risk 
assessment for maritime operations and for the port; 
The assessment is carried out in consultation with the 
Canadian Coast guard, Environment Canada, and 
Quebec Civil Security. 
The criteria of the Tempo1 process aim to determine 
whether any rules or precautions should be adopted in 
respect of the project; 
Examples : 
- Tug usage 
- Restrictions on other vessels wishing to use the port 
- Restrictions that take the ice regime into account 
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Regulatory role : 
Canadian Environmental Assessrnent Act 

Fisheries and Oceans Canada, will ensure compliance witl 
the Canadian Environmental Assessment Act (CEAA). 

recommendations of the Canadian Minister of the 
Environment, Transport Canada, and Fisheries and Oceans 
Canada shall issue or uithhold the required authonsations. 

* The responsible authorities, Transport Canada and 

* After public consultation, and following the 

- The federal process rms 1~ parallel wth that of the provuice of Quebec witbin 
the framework of federal-provincial agreement on enviraIrnienta1 assessrnent 

- Federal and provincial procesres mll not be completed und  the end of 
S u m e r  2006 
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APPENDIX B: PRESEWTATION FROM ENERGY CACOUNA TO NATURAL 

RESOURCES CiWAûA, AUGUST 24,2005 





‘SJesC 
al Wesoeirces Canada 



tNERGY 

A partnership between TransCanada and Petro-Canada 
LNG import terminal with cadacity for regasification of 
500 Million cubic feet per day 
Two LNG storage tanks with ;total capacity for 320,000 
cubic metres of LNG 
Estimated capital cost of abolit C$ 700 Million for the 
terminal 
Approximately one LNG carrier visit each week 

carriers with capacities up to 216,000 cubic metres of 
LNG 

, 

The terminal will be designed to accommodate LNG 

- 

i Confidential 2 



fNERGlE  cacouna 
ENEHGY 

Regulatory process initiated in September 2004 

EI EIS filed with provincial regulators in May, 2005 

Public hearing expected in early 2006 

Receipt of regulatory approvals by the end of 2006 

Construction between 2007 and 2009 

Start-up of terminal operations anticipated by the end 

of 2009 or early 2010 

Confidential 3 



Terminal construction and operation: TransCanada 

LNG supply and shipping: Petro-Canada 

El Contract downstream pipeline capacity: Petro-Canada 

Construction and operation of the connecting pipeline: 
TransCanada or TQ&M 

Confidential 4 



Jetty LNG Storage Tanks Regasification 
Equipment 

LNG Carrier C ryog en ic 
Piping 

Confidential 

Pumps Nitrogen 
Plant 
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Everett, Massa 

I . .  
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ÉNERGIE ._ c x o u n a  
ENERGY 

Ideal location for siting an LNG import terminal 

LB Deep water for berthing of LNG carriers 
RN Existing industrial development on the site 

BI Limited ship traffic in the area 

Tidal currents benign 

The natural topography of Gros-Cacouna island can 

help reduce the visual impact of the LNG storage tanks 

8 1 Confidential 



ÊNERGIE 

cacouna 

9 



ÉNERGIE cacouna 
ENERCY 

Terminai Site Plan 

10 
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ÉNERGIE 

cacouna ~s“it:ist’s Rendition of the Cacouna 
Energy LNG Terminai - View frsm t N E R G Y  
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ÉNERGIE - A cacouna 
EN E RCJY 

rtist’s Rendition of the 
Cacousria nergy LNG Terminal 
- VEew from the Village 

2 



- TransCanada System - TQM System 

- Portland Natural Gas System 
- Gaz Metropolitain System 

Iroquois System 
--- Proposed Connecting Terminal Pipeline 

ÊNERGIE 

ENEHGY 
cac 

Confldentlal 13 



ÊNERGIE 

CaCOC1na 
LNERGY 

vi ron meri ta! Cons ide rat ions 

Low emissions 
No dredging required 
Minimal increase in maritime 
traffic (45 to 65 carrier visits per 
Y W  
No subsea pipeline 
Compatible land use 
The island’s topography provides 
a barrier between the proposed 
terminal and the marsh 

Confidential 
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cacouna 
kNEHGY 
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E N E RGI E caco LI n a 
t N E RGY 

Québec Environmental Review Process 
M Project Notice filed with the MENV on Sept. 13, 2004 and 

Project Directive issued by the MENV on Oct. 13, 2004 
Environmental Impact Assessrnent filed in May, 2005 

w BAPE hearings anticipated in the first quarter of 2006 
Canadian Environmental Assessrnent Agency (CEAA) 
Review 

Project Description filed with CEAA on Sept. 13, 2004 
LI Panel Review decision issued August 18, 2005 

B1 Project subject to formal approval under the Navigable 
l Waters Protection Act 

Marine terminal technical review process (TERMPOL) 
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ENERGIE cacouna 
ENERCY 

- 

The community is the project's third partner 
Open houses were held on Oct. 
January 26th, April 14th & Eth, and June 1!jnd of 2005 

& 7th of 2004, 

Pre-consultation process with workshops held on 
January 2!ifh, March 1 6 t h  , April 1 3th, June 1 st ,  and July 
qth of 2005 

a Town Hall meeting in Cacouna on June 13th of 2005 
A project website is available 

, . ,  . .!. ; '  L Y 
~ ~ ~. - 

The project has a toll-free number (1 877 744-21 13) 
and an e-mail address (info@energiecacouna.ca) 
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ÉNERGIE _. 

1944 in Cleveland, Ohio 



___ ~ - ~ _ _ ~ ~  -~ ~~~ 

Terminal site footprint determined by facilities layout 

Terminal zone of control to encompass exclusion 
requirements 

zones per CSA 2-276 
OveraII zone of control encompassing trestle and dock 
specified by: 

CSAZ-276 
Cacouna Energy for security purposes 

fi Canadian Coast Guard (TERMPOL process) 

BH1 Temporary work space during construction to be 
l identified by Cacouna Energy 
i 

i Confidentlal 
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ÉNERGIE cacouna 
ENE.RGY 

z-276 Standard 
€4 

P 

a 

R 

CSA standard for LNG production, storage, and handling 
y First published in 1972; curreiît revision published in 2001 

Next revision expected by late 2006; wiII harmonize with new 
version of NFPA 59A being issued in the Fall of 2005 

Public review period in NovemberlDecember 2005 

Technical Committee membership includes regulators (incl. NEB), 
operators (incl. TC), suppliers, and service providers 
Standard specifies definitioiî of exclusion zones for LNG facilities 
The determination of exclusion zones is based on credible worst- 
case scenarios 
The size of each exclusion zone is site-specific 

Confidential 20 



*.LA- - 
5 kw/sq m radiation limit 
centred on each tank 
(284 m radius) 

Transport Canada/ 
Environ ment 
Canada Boundary 

Va pour excl us ion zone 
(1 /2 LFL) 
Centred on sump 
(346 m rapiyd on I ntial 21 







y Assess probabilities and consequences associated 
with wide variety of potential incident scenarios 
Comply with safety standards established by the 
responsible provincial and federal government 
agencies and international safety standards societies 

id Develop emergency response plans to ensure public 
safety and prevent damages in the event of an 
incident 

Confidential 24 



N E RGI E 
cacouna 

t N t R G Y  

Conduc4 ($RA 
World class independent expert in technological risk 
assessment 
Accredited in more than 80 countries for ship 
classification, including Canada 

y lnvolved in risk evaluations for the natural gas 
industry for more than 50 years 

u In recent years, performed risk assessments for 
about 10 North American LNG terminal development 
p roj ects 
In 2004 was recognized by Lloyd’s List as G Best 
Ship Classification Society in the World )) 

1 

1 
1 

I 
l 
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Mesures 
d'urgence 
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É N E QGI E a 
ENEFZGY 

cac 
- Levels of Risk 

Zone Rouge - 
..- - -. . .. 

Zone Jaune 

Zone Verte 

Projet rejeté 

--- 

Projet accepté 
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en$ - Levels of Risk 
Acceptable Level of Risk 

No increase in level of risk people accept in their daily lives 

~1 1 event causing death every 10,000 years @ 

Assumes presence of exposed personnel 100% of time 

y Risk acceptance criteria used by several authorities worldwide, 

including the UK Health and Safety Executive Board 

y Negligible Level of Risk 
y 1 event causing death every 10 million years 

81 Criteria used by the most stringent of authorities (e.g. Santa 

Barbara County, California) 

y UK HSE uses return period of 1 million years 

l Confidential 28 
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ÉNERGIE caco t i  n ct 
ENERGY 

Worst Case 

Scenarios 

Confidential 
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, ENERGIE 

ENEHGY 

--- 

9 Tell if risk posed by terminal to public is acceptable. 

9 Rank the risks to enable prioritized risk mitigation. Assessrnent 

The 1 O4 risk contour: allows public access 

The 1 O-5 risk contour: allows public residential 

The risk 

The risk 

contour: 

contour : 

allows dense public 

,negligiple risk 

population 

Worst case scenarios can impact the 
negligible risk area. 

CSA 2-276 will not impact areas with 
public access 3 Exclusion zone 

Confidential 31 



fi Dictates exclusion zones based on a pre-defined set 
of severe accident scenarios. 

Not meant to eliminate public risk but meant to 
reduce public risk to an acceptable level. 

Worker risk is acceptable inside the I O 4  contour 

* The exclusion zone defined by CSA 2-276 is 
sufficient if it covers the I O 4  contour. 

s it is nst required to introduce exclusion zones to 
protect public from the terminal beyond the 
CSA 2-276 requirements. 

s There may be reasons to introduce exclusion zones 
around the LNG Carrier to avoid operational 
disturbances and accidents caused by unauthorized 
personnel. 

32 Confidential 































































 

 

APPENDIX C: QUESTIONS FROM NATURAL RESOURCES TO CACOUNA 

ENERGY AND ANSWERS IN THE FORM OF A PRESENTATION FROM DNV TO 

NATURAL RESOURCES CANADA, 22 NOVEMBER 2005 

 



 

 

APPENDIX D: THREAT TO LNG TERMINAL BASED ON EXPLOSIVES AT DOCK 

 
This section outlines CERL’s assessment of the threat to the proposed LNG terminal from the 
accidental or deliberate detonation of explosives being unloaded at the TC port. The port is 
currently being used for the transport of explosives and the question arose as to whether the two 
activities were compatible. Two threats are considered, fragments and overpressure. 
 
Assumptions 

Distance from Storage tank to near end of terminal dock: 750 m 
Distance from storage tank to access gate: 300 m 
Estimated maximum quantity of explosives at port at any one time: 140 tonnes. 
Assumed wall thickness of storage tank wall, 18” concrete, steel thickness ignored 
 
Calculations 

 
Table 1 - Pressure and impulse acting on storage tanks based on various masses of TNT 

Mass 
/kg 

Range 
/m 

Pi 
/kPa 

Ii 
/kPa-ms 

Pr 
/kPa 

Ir 
/kPa-ms 

20,000 750 4.0 315 8.1 555 
40,000 750 5.4 500 11.0 890 
60,000 750 6.4 650 13.1 1175 
100,000 750 8.0 910 16.4 1660 
140,000 750 9.2 1130 19.0 2100 

 
 
Table 2 - Estimated flight range and residual velocity of various fragments from the 
detonation of a large mass of explosives in either a ship or on a truck  

vo mass area thick cd range vel
/m/s /kg /m2 /cm /m /m/s
1000 50 0.25 2.5 1 1125 51
1000 50 0.25 2.5 2 620 36
1000 100 0.50 2.5 1 1123 51
1000 100 0.50 2.5 2 619 36
1000 500 2.50 2.5 1 1123 51
1000 500 2.50 2.5 2 619 36
600 500 2.50 2.5 1 947 49
1000 100 0.04 30.5 1 7376 157
1000 500 0.21 30.5 1 7407 157  

 
 
The pressure and impulse values in Table 1 were calculated using the Kingery Bulmash 
Equations for Hemi-spherical charges of TNT. 
 
The fragment flight parameters were calculated assuming an initial velocity of either 1000 m/s or 
600 m/s. Since determining the appropriate drag coefficient (cd) can be difficult the problem was 

 



 

 

 

bracketed by using values of 1 and 2. The initial launch angle of the fragment was assumed to be 
20 degrees. 
 
Discussion 
 
The pressure and impulse from even the larges charge appears to be too low to seriously damage 
the storage tanks.  A truck containing 20 tonnes of TNT detonated at the access gate would be 
even less likely to damage the tank (based on overpressure).  Therefore, unless a truck is 
hijacked and driven through the gate, or a ship carrying explosives is hijacked and moved closer 
to the terminal, overpressure is not a serious threat to the facility. 
 
However, the detonation of either the truck or the ship would result in a large number of high 
velocity high energy fragments. Several potential fragments are shown in Table 2. The size of 
the fragments shown in the table are hypothetical, however, they are not unreasonable given that 
a 70 kg axle was recovered after the Walden Accident in 1998, 1050 m from ground zero. Using 
the computer code ConWep it was determined that even the smallest of these fragments with an 
impact velocity of 33 m/s is likely to perforate 45 cm of concrete. Table 2 also indicates that the 
port is well within range of the fragments. Thus the possibility exists that the detonation of a 
truck at the port site could produce fragments which would perforate a LNG storage tank 
resulting in a leak. 
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