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ABSTRACT 

Aviation Risk Regulation: 

Canadian Legal and Analytic Issues 

Robert A. Toews 

September 22,1998 

prepared in partial fulfillment of the requirements of the M.EDes. Degree in the 
Faculty of Environmental Design, The University of Calgary 

Professor Richard M. Levy, Supervisor 

Risk regulation is the means by which governments control and mitigate the 

harms resulting from risk-causing activities. Risk regulations effect community 
safety and levels of service provision. They also impact on infrastructure 

development, maintenance and operational costs. This project proposes that, 

contrary to regulatory intent, the risk regulation process does not effectively 

measure or mitigate risk: risk measurement information, including accident and 

incident data, may be inadequate; the consultation process is often ineffective; the 

costs and benefits of regulatory measures may be poorly understood, and the 

regulatory process in general can be inconsistent and incoherent. 

The aviation industry is controlled by a regulatory structure which 

determines the costs and benefits associated with  one type of community service. 

This project will review legal and risk analysis literature in an attempt to understand 

regulatory environmental factors within the context of the Canadian Aviation 
Industry. It will also use a case study of heliport regulations and their effect on the 

STARS A i r  Ambulance life-saving service in Alberta, Canada, to examine regulatory 

process impacts on social costs and benefits. In support of the primary thesis, this 

project will determine that: heliport regulations and standards are too stringent and 

restrictive; accident history does not support additional regulatory intervention; 
heliport risk factors are unknown and unsubstantiated; other mitigation measures 

may be more effective at reducing risk; the cost of heliport design standards 
compliance is too high for low exposure sites; and that there is no legal imperative to 

regulate infrequently used emergency heliports. The project will conclude with a set 

of generalized recommendations which are designed to improve the risk regulation 
process. 



Aviation Risk Regulation 

Key Words 

Aviation regulation, Defense of Necessity, Heliport design, Heliport standards, 

Risk analysis, Risk measurement, Risk regulation, Regulatory deficiencies, STARS. 

Acknowledgments 

This Master's Degree Project was made possible through the strong support 

offered by the staff, management and volunteers of the STARS Air Ambulance 

organization. In particular I am grateful to Dr. Greg Powell for allowing me to 

complete this work while acting in my capacity as a Senior STARS Manager. I also 

thank Lynn Talbot, the STARS Aviation Administrative Manager, and the pilots, 

engineers, and other staff members for supporting and tolerating my efforts. 

I would like to thank the Faculty of Environmental Design for accepting me 

into their program and for giving me an opportunity to obtain my first post- 

secondary degree. The process of returning to a university environment after years 

of work in the aviation industry was both challenging and enlivening. I thank my 

committe members, Professors Richard Levy and Phil Elder of the Faculty of 

Environmental Design, and Dr. Marc Maes of the Engineering Faculty, for their 

advice, learning, and support. 

Many Transport Canada inspectors and officials provided insights and material 

for this project. While we often disagreed on the means to be used to achieve our 

shared goals, I thank them all for their dedication to the cause of improving aviation 

safety. I look forward to working with these men and women as we search for ways 

to continue to build a fair and effective regulatory environment for the aviation 

industry. I also thank Robert Smith of the American FAA for sending me numerous 

safety research reports. 

My wife, Corinne Tessier, made this project possible by not allowing me to quit, 

even when I was overwhelmed and discouraged. For this I am grateful. 





Aviation Risk Regulation Contents 

3.2.4.1 Regulatory Efficiency Act . Bill C62 ........................................................................................ 18 

3.2.4.2 Alternative Dispute Resolution (ADR) .................. ... ............................................................. 19 

3.2.4.3 Compliance ....................................................................................................................... 20 

3.2.4.4 Regulatory Act - 1996 .......................................................................................................... 21 

3.2.5 Construction of Statutes ....................................................................................................... 21 

3.3 C I V I L L I A B I ~  .............................................................................................................................. 22 

3.3.1 General ...................... .., ............................................................. ,., ................................... 22 
3.3.2 Duty of Care ......................................................................................................................... 23 

3.3.3 Public Agencies ........................................................................... ... ............................. -24 

3.3.4 Defence of Necessity ............................ .., ............................................................................ -26 

3.3.4.1 General ............................................................................................................................ 26 

3.3.4.2 History of the Defence ....................................................................................................... 27 

3.3.4.3 Justification vs . Excuse ............................... ... ................................................................... 28 

....................................................................................................... 4 . RISK 3 1  

4.1 RISK PERCEPTION ......................................................................................................................... 31 

4.1.1 General ............................................................................................................................... -31 

....... ............................................................................... ................................. 4.1.2 4.1.2 Trust ,,.. ., 32 

4.1.3 Influences ............................................................................................................................ 32 

4.2 SYSTEM FAILURES ........................................................................................................................ -33 

4.2.1 General ............................................................................................................................... -33 

.......*. ..*......................-...-...........*......*.*.......-..-...*..-...*.-....-..............-.-....-......... 4.2.2 Complexity ,., 33 

............ ........... .................*...*....*........................-*................*..*..................**.. 4.2.3 Accidents .+. ... -34 

4.2.4 Victims ................................................................................................................................ -35 

4.3 MANAGEEM .............................................................................................. .. ............................... 35 

4.3.1 General .............................................................................................................................. 35 
. . ................................................................................................................................ 4.3.2 Avrat~on 36 

................................. .................................................................. ................... 4.3.3 Analysis ,.,,. ..,. 37 

4.4 ~ I S K  A s s ~ s s m ~  ........................................................................................................................ -38 

4.4.1 Unmrtai.nty, VanabIity and lndetemrinism .............................................................................. -38 

4.4.1.1 General ............................................................................................................................ 38 

4.4.1.2 Problems & Deficiencies ...................................................................................................... 38 

4.4.1.3 Indeterminism .................................................................................................................... 40 
. .  

4.4.2 Stal~st~cal Methods ................................................................................................................ 47 

4.4.2.1 Uncertainty ....... .... ...................................................................................................... 4 1  

4.4.2.2 Stochastic Risk ............................................................................................................. 4 2  

4.4.2.3 Systematic Risk ........................~.....~............................................................................... 4 2  





Aviation Risk Regulation Contents 

4-57 Resolution ....................................................................................................................... 69 

.... 4.5.7.1 Better Problem Definition ...................... ... ... ..........-................................................... 69 

4.5.7.2 Explicit Decision.Making ...................................................................................................... 70 

4.5.7.3 Increased Stakeholder Participation ...................................................................................... 70 

4.5.7.4 Performance Based & Negotiated Regulation ........................................................................... 71 

........................................................................................................ 4.5.7.5 Risk Oversight Agency 71 

4.5.7.6 Safety Analysis of the Regulatory Process .............................................................................. 72 

5 . REGULATORY CASE S f  UDY ................................ .... ........................... 7 3 

5.1 STARS AIR AMBULANCE ............................................................................................................... 73 

................................................................................................................................. 5.1.1 History 73 

..................................................................................................................... 5.1.1.1 Medical Need 73 

5.1.1.2 Community Support ............................................................................................................ 73 

5.1 . 1.3 Volunteerism ..................................................................................................................... 74 

5.1 -1 -4 Statistics .......................................................................................................................... 74 

5.1.2 Flight Standards ....................................................................................................... ,,.. -74 

5.1.2.1 Training ............................................................................................................................ 74 

5.1.2.2 Crewing & Qualifications ...................................................................................................... 75 

5.1.2.3 Equipment ........................................................................................................................ 75 

5.1.2.4 Procedures ....................................................................................................................... 75 
. . ..................................................................................... 5.1.3 Faal~ties ..............,,...................... 75 

5.1.3.1 Operational Area.. .............................................................................................................. 75 

5.1 3 .2  Rural ................................................................................................................................ 76 

5.1.3.3 Urban ............................................................................................................................... 76 

5.1 .3.4 Foothills Hospital ....................... .. ................................................................................ 76 

......................................................................................................................... 5.1.4 CAR 602.13 77 

.................................................................................................................. 5.1.4.1 Implementation 77 

5.1 .4.2 Response ......................................................................................................................... 78 

5.1.4.3 Exemption ........................................................................................................................ 78 

5.1.4.4 Compliance ....................................................................................................................... 79 

5 . t.5 Impact ....................... ,... .....................................-........................................................... 7 9  

5.1.5.1 Mission ............................................................................................................................ 79 

5.1 5.2 Cost ................................................................................................................................ 80 

5.1.5.3 Safety .............. ,.,, .......................................................................................................... 80 

5.2 H E U ~ R T  LEGAL LSSES ................................................................................................................. 80 

5.2.1 Public Protection ........................................... .. .................................................................... -80 

5.2.1 -1 Persons at Risk ................................................................................................................. 80 





Contents 

5.3.4.3 Standards .......... ..... .. ... ........................................................................................... 109 

5.3.4.4 Measures ........................................................................................................................ I I 0  

5.3.4.5 Risk Analysis ................................................................................................................... I 10 

....................................................................... 6 . RECOMMENDATIONS .... .. I 1 1 

............................................................................................ 7 . APPENDIXES 1 

7.1 APPENDIX A . STARS OPERATIONAL INFORMATION ............................................................................... 2 

7.1.1 Correspondence ................................................................................................................... -3 

7.1.2 Glob & Mail Atfick ................................................................................................-................ 4 

7.1.3 Mission Data ........................................................................................................................... 5 

7.1.4 Rurai Helipads Used by STARS ............................................................................................... 6 

7.1.5 FoothiIIs Hospital Front Heliprt ............................................................................................... 7 

7.1.5.1 3-0 CAD Models ................................................................................................................... 8 

7.1 .5.2 Elongated FAT0 .................................................................................................................. -9 

7.2 APPENDIX 6 - REGULATIONS & STANOARDS ....................................................................................... 1 1 

Z2 . I Air Regulation 534 ................................................................................................................ 1 2 

Z2.2 CAR 602.13 ......................................................................................................................... 13 

Z 2.3 Aimpace Standards ............................................................................................................... I 4 

7.3 APPENDIX C -CHARTS AND GRAPHS ................................................................................................. 1 5 

7.3.1 Height- Velocity Diagrams ...................................................................................................... 1 6 

7.3.2 Aimpace Test Data ................................................................................................................ I 7 



Aviation Risk Regulation Introduction 

Aviation Risk Regulation: 

Canadian Legal and Analytic Issues 

1. Introduction 

1.1 General 

Helicopter Emergency Medical Senrices (HEMS) have been established at 

numerous North American tertiary care hospitals and at regional centres to improve 

access to advanced medical care. Helicopter Air Ambulances can dramatically reduce 

patient transfer times in congested urban environments. They also help connect 

rural areas with centralized and specialized medical services, and can be used to 

perform air rescues within wilderness areas. Dedicated HEMS operations are 

versatile and productive components of a well-integrated regional health care 

system. 

The provision of safe and accessible landing areas is essential to the success of 

a HEMS operation. The versatility and speed advantage offered by a helicopter air 

ambulance is almost entirely dependent on its ability to land within dose walking 

distance of the patient at the accident scene or sending hospital, and the specialized 

medical facility at the receiving hospital. These landing areas may be temporary, 

emergency sites that are used only once, infrequently used, "episodic" sites that are 

pre-inspected but only partially developed, or regular-use, "certified" sites. A 

typical HEMS operation may use several hundred temporary, episodic or regular-use 

sites annually. 

Helicopter EMS operations are now active in five Canadian provinces and 

expansion to other regions can be expected in the near term. While the safety record 

of dedicated Canadian HEMS operations is exemplary, regulators in this country are 

in the process of assessing and improving their oversight of this segment of the 

aviation industry. Transport Canada, the Federal Agency that is responsible for all 

aviation regulatory matters, has expressed special concern over the manner i n  

which certain HEMS operators select and use landing sites. As part of a major 

revision of the Canadian Aviation Regulations in the late fall of 1996, Transport 

Canada made it illegal for a 'life-saving" flight that is operated within the "built-up 

area of a city or townn to land or take-off at an uncertified site that has been "set- 
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apart" for the use of aircraft. Operations to Transport Canada inspected and certified 

sites are permitted, as are operations to emergency, single-use areas. Operations to 

uncertified helipads that are located within built-up areas are, however, apparently 

prohibited. 

A literal and narrow application of this regulation could have dramatically 

impacted Canadian helicopter life-saving operations. From the perspective of the 

Canadian HEMS industry, this regulatory change seemed unwarranted and 

unnecessarily restrictive. Stakeholders, including lower levels of government were 

not consulted nor were they given adequate time to respond and comply with the new 

regulatory requirements. HEMS operators, like the Shock Trauma Air Rescue Society 

(STARS) of Alberta1,, believed that compliance with the new regulation would restrict 

life-saving activities and compromise patient care. Infrastructure costs were also 

e.xpected to rise substantially as regional health care agencies, lower levels of 
government, and local service clubs began the process of designing and building 

new heliports to conform to Transport Canada certification standards. While STARS 

supported heliport certification for high exposure, urban helipads, organization 

managers believed certificatian at low utlization, low exposure locations would do 

little to reduce risk within affected communities. 

This Master's Degree Project will examine legal and risk management issues in 

an effort to better understand the Canadian risk regulation process. Heliport 

regulation and its effect on the Canadian HEMS industry will then be studied to see 

how deficiencies in the risk regulation process impact social costs and benefits. The 
regulatory, legal, and operational issues considered by this study should be of 

general interest to observers or participants of industry or government who have a 

stake in the regulatory process. This study will make recommendations for both 

specific and general changes to regulatory practice. 

1.2 Methodology 

1.2.1 Industry Expert 

This project will be prepared from the perspective of an industry expert. The 

author has worked as a pilot, trainer, and aviation manager for over twenty-two 

years and has flown a variety of aircraft types, including the Sikorsky S61, S76, 

BK117, Twin Otter, and Gulfstream GI. He is presently the Chief Pilot and Operations 

Manager for STARS Aviation Canada Inc. and is a member of the Helicopter 

Association of Canada IFR & EMS Committee and the Transport Canada Heliport 
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Standards Technical Advisory Committee. He holds helicopter and aeroplane Air 
Transport Ratings. 

1.2.2 Identification of Issues 

The key legal and risk management issues considered by this study were 

initially identified by the author as part of his response to the regulatory changes 

introduced by Transport Canada in the fall of 1996. Like all Canadian air operators, 

STARS Aviation Canada Inc. had to modify operating, training and airworthiness 

compliance procedures, revise manuals, and re-qualify crews as a result of these 

regulatory changes. Many of the changes were beneficial and uncontroversial. 

Some, however, imposed significant new costs, were difficult to comply with, and/or 

were of questionable benefit, at least from the industry's perspective. Efforts to 
understand and comply with these more controversial regulatory initiatives caused 

operators like STARS Aviation to question the risk regulation process itself. Several 
questions kept recurring to STARS Aviation management. These included: 

1. What are Transpon Canada's authorities and responsibilities with 

respect to risk management; 

2. How are these authorities and responsibilities delegated; 

3. What are the legal imperatives that might encourage or force an 

agency like Transport Canada to impose or increase regulatory 

oversight over a risk-causing activity; 

1. How does society in general attempt to control and limit these activities; 

5. How are the costs and benefits associated with a risk-causing activity 

determined and balanced; 

6. What legal or other forces encourage persons or organizations 

conducting risk-causing activities to mitigate and control risk; 

7. What is risk and how does it impact on society; 

8. How can risk be managed; 

9. How are risks identified and analyzed; 

10. How are risk-related regulations created, implemented and enforced; 

11. What are some common deficiencies of the risk regulation process that 

affect regulatory effectiveness? 
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1 -2.3 Resource Material 

The questions or issues listed above will be used to guide the selection of 
resource material for this study. The study will be separated into two parts. The first 

will involve a literature review of mainly secondary sources in an attempt to 

understand the issues. Legal, management, and engineering journal articles and 
some primary Transport Canada sources will be consulted. For every issue, where 

possible, a divergence of opinion will be sought in order to develop a balanced view. 

Sources that e.xamine legal or risk management issues as they relate to the aviation 

industry will be preferred, but the review will not be limited to these since the body 

of authoritative aviation research is small and not readily accessible. In particular, 

road traffic engineering sources will be used where the issues, information and 

views discussed provide insights that may be usehl in understanding the aviation 

risk regulation process. 

The second part of this project will be a brief case study involving the 

Canadian heliport regulations and standards and their impact on STARS Aviation and 

its user community. The resource material for this part will include: 

1. The author's professional and managerial experience as a pilot, 

industry expen consulting to government and industry, and as the 

manager responsible for STARS Aviation's regulatory compliance 

efforts; 

7. Correspondence; 

3. Primary government heliport risk management research; 

1. Transport Canada and American Federal Aviation Administration 

regulations, standards, and documents. 

1.2.4 Analysis 

The issues and supporting resource materials will be analyzed with the aim of 
establishing a broad and integrated understanding of the risk regulation process. It 

is beyond the scope of this project to describe any one factor or issue in great detail. 

In the fust, or literature review, part, the resource materials will be analyzed with 

the intent of identifying the essential factors or issues that affect or influence risk 

regulation. While the resources in this part are mostly of a secondary nature, the 

choice of material for analysis will rely to a large degree on the author's 
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professional experience as an aviation manager. The analysis will attempt to answer 
the questions listed above. 

The information collected in the first part will be applied to the second, or case 
study, part of the project in an attempt to understand how legal and risk management 

issues apply in a real-world situation. The information will also be used to critique 
the methods and processes that were used to develop and implement the Canadian 

heliport regulations and standards. The arguments developed in this part will be 

mainly of a qualitative nature. With the exception of some simple calculations, this 

project will make no aaempt to analyze the primary atiation research material using 
statistical methodologies. 

1.2.5 Case Study 

While other examplcs could have been chosen, rhe new requirement for 
certification of hospital emergency landing sites provides a good case study for 

examining the risk regulation process as it was applied by Transport Canada during 
the agency's most recent overhaul of the Canadian aviation regulatory structure. 

This regulatory change created significant compliance problems for at least one 
Canadian HEMS operator, STARS Aviation, and involved significant legal, risk 
management, social benefit and cost factors. I t  is also a regulatory issue that remains 

unresolved in both Canada and the United States. In Canada, STARS Aviation and the 
Helicopter Association of Canada have asked Transport Canada to re-consider this 

issue within the forum of the newly-created EMS Regulatory Advisory Committee. I n 

the United States, the FAA has submitted its new heliport design standards to industry 

and is in the process of completing a consultation process on them. EMS industry 
reaction in that country to proposed changes that are similar to those effected in 
Canada has been very negative. 

1.2.6 Recommendations 

This study will conclude with some recommendations for improvements to the 

regulatory process as it is applied to aviation risk management, and in particular to 
the HEMS industry and heliport standards. Where specific recommendations are not 
possible due to an inconclusive analysis, an attempt will be made to at least identify 

areas that require further research. 
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2. Aviation Regulatory Oversight 

2.1 Transportation and Aeronautics Acts 

The National Transportation Policy is contained in the introduction to the 

Canada Transportation Act, 1996. Transport Canada's mandate under tlis policy, 

along with other key transportation agencies and boards, is to help maintain a: 

... network of viable and effective transportation services...that makes the best use 

of all available modes of transportation at the lowest cost ... under conditions 

ensuring that ... the national transportation system meets the highest practicable 

safety standards, (and that) ... each carrier or made of transportation, as far as is 

practicable, carries rraffic to or kom any point in Canada under fares, rates and 

conditions that do not constitute ... an undue obstacle to the mobility of persons, 

including persons with disabilities ...( and that) each mode of transportation is 

economically viable. (Canada Transportation Act, 1996) 

The regulatory authority to achieve these goals is established under the Aeronautics 

Act. This legislation: 

"encompasses the safety and security of aerodromes and airports, the licensing 

and training of personnel, the airworthiness of aircraft, the safety and security of 

commercial air services and of the navigation system, and the operating flight 

rules." (Transport Canada WWW:Safety) 

These Acts clearly establish the Federal Government's responsibility for air 

transportation. The authority to regulate in this area rests solely with the Federal 

Government due to aviation's cross-border activities and its importance for the 

furtherance of "peace, order, and good governmentn at the national level. 

2.2 Transport Canada 

2.2.1 Organization 

The authorities contained in the Canada Transportation Act and the 

Aeronautics Act are delegated by the Minister to numerous departments or groups 

within the Transport Canada agency. These duties and responsibilities are further 

separated among the central, or headquarters staff, and the regions. Of particular 

interest to our discussion of helicopter EMS operations is the newly created Safety 

and Security Group. This group is responsible for, among other things, "establishing 

and administering regulations and standards necessary for the safe conduct of 
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Canadian civil aviation ... " (Transport Canada WWW:Ovenlew) These responsibilities 
are further delegated to the Commercial and Business Aviation division which 
regulates and controls commercial air carrier operations, and the Aerodrome Safety 
division which helps ensure the safety of the nation's airports. 

2.2.2 Responsibility 

The Minister of Transportation may delegate his/her authorities and 
responsibilities for the security of the air transportation system ro individuals inside 
and outside of the government. (Moshansky, 1992899) "The Delegation Document" of 

May 28th, 1990, assigns 58 delegation schedules for specific positions within 
Transport Canada Agency inspectors are assigned appropriate uschedules* and 

certain duties may also be delegated to individuals within industry, such as company 
check pilots and flight test examiners. (899) The Minister also assigns specific 

responsibilities and duties to Company Officers like Operations Managers and Chief 
pilots. All individuals who receive delegated authorities must meet Transport Canada 
qualification requirements and complete a review and approval process. 

Headquarters retains responsibility for setting policy and developing 
regulations while the regions administer and supervise the operation of their 

respective air transportation systems. In a significant departure from past practice, 
budgetary allocations are made directly to the regional Directors General and their 

managers. "These regional managers have the authority to shift funds in response 
to changing priorities, redirect resources to the areas of greatest need, and so on." 
(Transport Canada WUrW:Safety) 

Recent Transport Canada structural re-organizations have attempted to 

promote co-ordination between the various agency branches or departments. All of 
the Safety and Security Group divisions now have parallel reporting structures at the 

regional and headquaxters levels. Co-ordination between the regions and 

headquarters occurs at the Director General, Director, and managerial levels. I n 
another recent departure from past practice, Commercial & Business Aviation 
(formerly Air Carriers) and Aerodrome Safety (formerly Aerodrome Standards) both 

report to the Directors of Civil Aviation within each region, rather than to different 

regional and headquarters senior managers. While these changes have improved 
administrative and operational co-ordination, some doubt remains as to the 
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effectiveness of the co-ordination mechanisms that exist between the regions and 

headquarters, especially in the areas of policy and regulation development. 

2.3 Canadian Aviation Regulations 

2.3.1 Development 

Transport Canada completed a complete revision of the Aviation Regulations in 

1996. These regulations were developed to replace the old Ai r  Regulations and Air 

Navigation Orders (ANOs). While the agency had been working to create a new 

, regulatory structure for over a decade, these efforts intensified in the early and mid- 

1990s in response to various studies, recommendations and internal and external 

pressures. The new Canadian Aviation Regulations, or CARS, were developed in at 

least partial consultation with stakeholders through the Canadian Aviation 

Regulatory Advisory Council (CARAC). These regulations were intended to be more 

robust than the ones they replace, easier to understand, more complete, and of 

overail benefit to both industry and the agency. l1 

2 3 . 2  Implementation 

The CARs were implemented in their entirety on October loth, 1996, at which 

time they replaced and superseded the existing Air Regulations and ANOs. The CARs 

were implemented without a transition period for operator regulatory compliance. 

During the two years prior to implementation draft copies of the proposed 

regulations had been posted electronically on the internet and portions that were 

considered to include significant changes were submitted to the CARAC process for 

industry consultation. Individual operators, however, were not notified of the 

changes that would have an impact on them. Even when an aviation operator 

became aware of an impending and significant change, there was little that could be 

done to prepare for it since the old regulations were still in effect. Many of the 

regulations contained in the CARs continued to be revised or modified right up to the 

time of implementation, which also discouraged operators from investing resources 

anticipating the change. 

2.3.3 CAR 602.1 3 

CAR 602.13 replaces Air Regulation 534. Like the previous regulation, CAR 

602.13 prohibits aircraft operations within the built-up areas of cities and towns 

while at the same time allowing certain types of emergency activities, like airborne 

Life-saving, to take place. However, CAR 602.13 also places a briefly-worded, but new 
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restriction on these life-saving operations. The regulation permits landings and 

takeoffs to be made within built-up, urbanized areas provided they are completed for 
life-saving purposes and they are not conducted at a place 'ser-apart" for the use of 

aircraft. As has been indicated above, this new restriction had an immediate and 
dramatic effect on helicopter EMS operations in certain parts of the country. 
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3. Legal Issues 

3.1 Civil & Public Law 

3.1 . l  General 

The regulatory environment which supports Helicopter EMS operations today 

is a product of converging trends in administrative and civil law. Transport Canada 

regulators have been affected by philosophical shifts in government regulatory 

policy, the recommendations and findings made by several key Commissions of 

Inquiry, as well as shifting patterns in the application of the civil law of liability to 

public agencies. This Chapter will examine some of the events and trends which may 

have caused Transport Canada to develop and implement the new Canadian Aviation 

Regulations, including CAR 602.13. 

3.1.2 Risk-Causing Activities 

Aviation activities generally and helicopter EhlS operations in particular 

expose users and the public to risk. While the levels of risk for most forms of air 

travel are relatively low compared to other modes of transport, they are still 

significant. Like other types of modem technological activity, the public has come to 

consider the risks associated with flying to be normal. It is obvious to most people 

that "living in an advanced industrial society involves accepting a great number of 

risks as part of the commonly acknowledged conditions of life. " (Lee, 1983: 17 1 ) 

Roger Lee, a contributing author in Rights and Remlations: Ethical. Political, 

and Economic Issues - Machan ed., suggests that "it's not harm (or risk of harm) that 

forms the basis of tort and negligence law and other law, but the imposition of non- 

voluntary relations." (162) Lee argues that government has the duty to protect us 

h-om "involuntary relations" but not harm in and of itself (162). For Lee, rights 

emerge within the context of "rational expectation frameworks. " (168) Normally 

when we place ourselves in a situation we consent to those things which fit within 

reasonable expectations for that situation. We do not consent to those things which 

do not conform to our expectations. Lee claims that 'unexpected impositions" always 

violate our rights. (169) In exceptional or unique situations we might expect people 

to agree contractually to a given set of expectations. (170) Under this thesis, a 

person's rights are violated when they are exposed to a risk that could not have been 
reasonably expected without an explicit agreement or consent. ( 17 1) 
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When considering the means we have available to avoid risk or harm, vve may 

wish to make a strategic choice between the alternatives of "anticipation" or 

"resilience." (Wildavsky, 1983:xv) "Resilience is the capacity to use change so as to 
better cope with the unknown." (.w) When we choose to respond after a harm has 
occurred, we may attempt to mitigate the effects of the harm and to adapt to the 

specifics of the event in order to avoid similar occurrences in the future. 

Anticipation, on the other hand, is a way of attempting to avoid the occurrence in the 

first place by reducing or eliminating risk. While anticipation and avoidance are 
normally preferable, this strategy often '...leads to large-scale organization and 

centralization of power in order to mobilize resources against possible evils." (.w) 

An example of this is the Three Mile Island disaster: 

It occurred after (not before) large numbers of safety measures were retrofitted 

into existing reactors. The idea was that by strengthening every part ... the plants 

would be safer than ever. No effort was made to link the parts to the whole, in 

other words, to ask whether the relationship among parts was optimal in view of 

the hundreds of changes made. (wi) 

3.1.3 Balancing of Harms 

An activity or situation may expose individuals or the public to unacceptable 

risks even when the hanns can be anticipated. The costs of an activity must also be 

reasonably balanced against its benefits for the individual or the community. (Smith, 

1983:84) Individuals may not avoid or easily escape many of the risks that are 
imposed by society. The problem for regulators and the courts is to find the proper 

socially approved balance between freedom of action and the risk of harm. (84) 

Utilitarian theory can be used to justify many of our cost/benefit decisions. We will 

allow some degree of risk to be imposed if we believe the activity has a useful 

purpose. Conversely, even relatively small risks will not be tolerated if they are 
perceived to be of no value. (Thornson, 1983:151) 

Harms and the risk-causing activities that engender them may be separated 

into two broad categories. Harms may be either compensable or incornpensable. 

(142) Loss of property or other forms of economic loss are normally thought to be 

compensable harms. Where a loss may be compensated or restituted, society is 

generally inclined to allow a risk-causing activity to continue until the actual harm 

occurs. (142) Risk tolerance decreases significantly where the possible harm may 

not be effectively compensated or redressed. Society often attempts to control or 

limit activities which may cause of loss of life or personal injury. (143) 
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3.1.4 Law 

The term 'law" is used to describe both nonstatutory and statutory law, even 

though the two legal systems are very different. (Smith, 1983:73) 

Individuals are protected by the law from harmful effects of the conduct of others 

in a variety of ways, but in particular by adjudication consisting of the criminal 

and civil systems of justice, and by statutory regulation. (71) 

These legal mechanisms may protect the individual or the society at large. The 

criminal justice system is more often associated with maintaining public order or the 

protection of the community. Civil law is more concerned with determining where 

the costs of social action should fall. (71) "Statutory or governmental regulatory 

schemes, on the other hand, are commonly rationalized in terms of achieving or 

maintaining the public good." (71) 

All three forms of law are complementary and essential to the regulation of 

social activity. Even if we  accept John Stewart Mill's proposition that the individual 

enjoys sovereignty over their own body and mind (Kelman, 1983:217), individuals or 

groups must be held accountable for the externalities produced by their actions: 

just about everyone who has thought seriously about the implications of the 

ubiquity of e.uterna1 effects has come to the concIusion that society must 

determine which acts individuals have a right to commit or refrain from doing, 

despite the h a m  such acts may inflict on others, and which acts are too harmful to 

permit unhindered or undone ... (240) 

Public agencies, in their attempt to control or limit exrernalities and distribute costs, 

may use any one or all of the legal mechanisms common to our society. The aviation 

industry is controlled primarily through the Civil and Statutory legal systems. 
Criminal law plays a much more limited role and is invoked only at the margins 

when findings of criminal negligence are made. (Smith:82) Statutory regulations 

which are enforced through criminal sanctions have little deterrence value since 

the criminal process is rarely invoked. The standard of specificity required for 
criminal sanctions are difficult to establish in regulations. (83) 

3.1 .5 Civil Law 

The system of civil law we have inherited from the British and share with the 

United States and the Commonwealth countries "is based on concepts of rationality, 

universality, rights, obligations, action, responsibility, and agency." (73) It  does not 
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attempt to prohibit actions in advance of their commission, but rather "...functions to 

regulate human behaviour by minimizing the harmful consequences of action by 

imposing a duty to compensate for the harm caused." (75) The law of torts, or civil 

liability, assumes that actions should not be prevented until it has been proved that a 
right has been breached. (76) Of particular note is the notion that the: 

... subject matter of the law of torts consists of the rights we have regarding our own 

person, rights regarding our chattels, rights regarding our land or reality, and 

rights regarding certain of our economic interests or relations. (75) 

Within the civil law our rights regarding harms to our person and those that affect 

other forms of property and economic rights are normally distinguished. 

The tort of negligence is of greatest relevance to our discussion of the 

potential harms resulting from helicopter air ambulance operations. This ton places 

a general duty on all of the actors within society to function with a "reasonable" 

standard of care. The couns apply this general principle '...in each individual case 

to produce a specific standard of care for the particular set of circumstances." Prior 

to a civil legal action, "...each actor is self-regulating and establishes his own 

standard of care in the light of the unique particular circumstances." When 

challenged by the courts, this standard of care may be found to be inadequate. In 

this case, "...the court itself will decide what the proper standard of care ought to 

have been, but always only in the context of the particular case." (79) 

I t  may be argued that actions under ton are only morally sufficient when the 

harms caused are cornpensable. Where the harm caused involves personal injury or 

loss of life, the remedy may be inadequate and preventative measures are required. 

(Thomson:142) Warnings may be sufficient where persons have the freedom to avoid 

participating in a risk-causing activity or being affected by its externalities. (156) 

Avoidance, however, is often not possible with respect to many essential or socially 

beneficial activities. 

Another limitation of the civil system concerns the tendency of the couns to 

take a narrow view of solutions and alternatives. The rich tradition of our civil law 

encourages decision-makers and advocates to focus on the particular and to avoid 

generalizing or becoming policy-making activists. This tradition often causes judges 

to do: 

... what seems good or benevolent in the particular case at hand without having to 

weigh costs against benefits carefully and without having to exercise adequate 
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foresight about the long-run repercussions of a particular decision. 

(Yeager,1983:115) 

Society has attempted to overcome these short-comings by imposing statutory or 

regulatory systems of law. 

3.1.6 Statutory Law 

Statutory or regulatory law complements and acts in parallel to the civil 

system. In contrast to civil law, statutory schemes are preventative in nature and 

anempt to proscribe or limit certain activities prior to their occurrence. The 

underpinning concepts for statutory law are those "...of validity, jurisdiction, 

sovereignty, democracy or general will, and public good." (Smith:73) Law makers 

and regulators within the "publicn as opposed to the "civil" sphere of law, attempt to 

protect the public "...by setting conditions as to whom is allowed to do certain kinds of 

actions, and conditions as to how those actions are to be carried out." (77) This effort 

typically resufts in systems of standards and licensing that are as specific as possible 

while still general enough to be broadly applicable. 

Unlike ton law, government regulatory schemes assign specific penalties for 

engaging in prohibited activities. These penalties are paid to government, not the 

harmed party, if any. Whereas the "...tort penalty is attached to actually causing a 

harrn...the statutory penalty is attached to imposing a risk of harm." (Thomson:139) 

Governments attempt to redress the inadequacies of the civil law by both preventing 

unacceptable risk-causing activities through the imposition of fines and sanctions, 

and by providing a means for law-makers to intentionally and actively balance costs 

and benefits and to set social policy. These schemes are not necessarily more 

effective than the civil law in modifying behaviour, however: 

As far as deterrence is concerned, the threat of damages should be a much greater 

deterrence than would fines, as the amounts of awards of damages generally far 

exceeds the amounts of fines generally levied. (Smith:85) 

Government's efforts to balance costs and to set social policy through 

legislative and regulatory activity causes spirited debate amongst social theorists. 

While libertarians would choose to limit government intervention to the regulation 

of "involuntary relationsn only, others would claim that government has a legitimate 

role to play even when freedom of choice regarding risk-causing activities or 
decisions exists. In those cases where information-gathering and decision-making 

costs are relatively high, individuals may choose to delegate their decision-making 



Aviation Risk Reaulat ion Leaal Issues 

responsibility to a third party. (Kelman:224) As an example, gathering information 

on the safety features of a product or service is often very costly since many arcane 

technical facts must be understood. In addition, product or service use does not 
usually lead to an accident. Since personal, direct knowledge of a product's or 

service's safety features may come at too high a cost for the individual, it is usually 

better to rely on the experience and advice of others. (117): 

With safety issues, the costs of information processing and the psychological costs 

ofchoice frequently are likely to be Iower for an expert third party than for the 

individual. Decisions about safety, because they involve so much technical 

information, are likely to involve information overload that makes processing 

costly. (229) 

Even when society voluntarily delegates its decision-making authority to 
government, the resulting interventions on the individual's behalf are often seen to 

be paternalistic. (2 17): 

The principle of government accountability encourages a paternalistic role and 

attitude on the part of governments. The regulator is in charge: it will listen to 

affected parties, and in the end will make a decision 'in the public interest.' What 

this process lacks, however, is political legitimacy. It perpetuates the myth of the 

expert, and encourages lobbying and the politics of influence. (Reid, 1996:106) 

Parties whose interests are adversely affected by regulations often not only have 

no opportunity to present relevant evidence, but have no knowledge of the 

information upon which the regulators act in drafting the prohibitions and 

standards which are to be imposed. Reasons are generally not given and there is 

usually no appeal. Thus regulatory systems deprive people of rights without the 

due process of law. (Smith:81) 

The negative effects of paternalism are exacerbated when compliance schemes rely 

predominantly on penalties and sanctions: 

A traditional command-penalty enforcement model tends to engender adversarial 

attitudes between agency staff and regulatee, marked by grievances, judgment, 

threats of prosecution, licence revocation and litigation, and generally hostile 

relations. (Reid: 1 10) 

A further limitation of regulatory schemes concerns their inability to deal 

effectively with the particularities of each individual instance of an activity: 
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When standards are estabiished by regulations in general terms, they will 

inevitably be too high for some of the situations to which the regulations apply, 

and too low for others. Particularity is just not possible through regulation ... In an 

unregulated situation where a serious accident has occurred, each individual actor 

or enterprise or industry will examine itself in the light of the particular 

circumstances, and in only those cases of a similar nature will corrective action 

need to be taken. (Smith:79) 

While this belief that individuals or corporations will voluntarily regulate 
their risk-causing behaviours is overly optimistic, the shortcomings of regulatory 

schemes are readily apparent to those that are directly affected by them. Law- 
makers and regulators themselves are aware of these inadequacies and the relative 

strengths and weaknesses of the legal mechanisms they may use to protect the public 
interest. Transport Canada, the federal agency that is responsible for regulatory 

oversight of the aviation industry across Canada, has worked hard during this decade 

to create a more robust and responsive regulatory system that addresses some of the 

shortcomings that have been identified above. Helicopter EMS operations have been 

directly affected by these efforts. 

3.2 Regulatory Reform 

3.2.1 General 

Beyond the inadequacies inherent within the legal systems themselves, 
Transport Canada has been faced with other regulatory challenges. As governments 

have changed, so to have their mandates and their theories regarding the public 
good. Changes in government policy and other external and internal pressures have 
forced Transport Canada to re-assess and revise the ways in which it provides 

regulatory oversight on several occasions within the past 15 years. One of the most 
important catalysts for change in this decade was the 1992 Moshansky Commission 

report into the Dryden Crash."' This repon identified several critical areas in which 
Transport Canada needed to provide better leadership and direction. 

3.2.2 Deregulation and Deticit Reduction 

The Moshansky report singles out the concurrent bur incompatible initiatives 
of aviation economic deregulation and deficit reduction as two of the factors that 
have had some of the most serious negative effects on Transport Canada's ability to 

fulfill its mandate. Following the introduction of Economic Regulatory Reform (ERR) 
in 1984, "...the demands for increased certification, inspection, and surveillance from 
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mergers, realignment of routes, and the introduction of new carriers and equipment 

would be unprecedented." (Moshansky, 1992:873) The industrid growth nurtured by 

ERR increased, rather than decreased, regulatory demands on other government 

agencies that managed the increased risks associated with new and inexperienced 

operations. At the time of the changes, Mr. Donald Douglas, then Transport Canada's 
head of licensing and certification, reported on a fact-finding trip to the United 

States during which he examined the effects on the FAA of economic deregulation in  

that country. He found that the FAA's certification workload had doubled or tripled 

following deregulation and that the workload in the areas of training and education 

had also become very heavy. (878) Unfortunately, at the same time that ERR was 

taking effect in Canada, the government embarked on a program of deficit 

reduction. A memorandum of understanding between Transport Canada and the 

Treasury Board planned for a 7% reduction in persor, years over a five year period 

beginning in 1985. (873) 

In the mid-1980s a Ministerial Task Force on Program Review conducted by Mr.  

Erik Neilsen made a recommendation to "immediately increase the resources devoted 

to licensing, certification, and enforcement in the regulation of air safe ty... " (876) 

This study noted the discrepancy between the need to increase oversight and the 

internal downsizing process "...which has the potential for exacerbating the 

shortage in resources that currently exists." (877) In 1986 the Douglas Commission 

studied the effects of ERR and concluded that the effect on aviation safety had been 

significant. (880) While demand for regulatory services increased, budgetary 

allocations continued to fall f a r  short of requirements. Resource requests had to be 

made through the Program Control Board (PCB) which was charged with maintaining 

Transport Canada's deficit reduction targets. (920) Allocation decisions made by the 

PCB were made on the basis of affordability, not need. 

No attempt was made to either increase the resources to match the apparent need or 

to reduce the scope of the program - neither was explicitly possible - yet in 

practice the latter occurred simply because there was no one to do the work... 

(933) 

While some things have changed in the intervening years, it is readily 

apparent to industry 'clients" that Transport Canada continues to experience 

significant s t a f f  shortages. Despite this, the 1996 Transport Canada Aviation Annual 

Report remains devoted almost entirely to ERR issues. The privatization of 

NavCanada, the transfer of airports to private operators, deregulation, and "Opm 



Aviation Risk Regulation Leaal Issues 

Skies" and its effect on the airline industry dominate the  report. (Transport Canada 

WWW: Annual Report) 

3.2.3 Aviation Regulatory lnadeq uscies 

The Moshansky report also noted that the Aviation regulations which were i n  

effect at the time were inadequate. The co-ordination of regulatory changes and 

system safety management between internal departments or divisions was poor or 

non-existent. (1033) The regulations themselves were badly fragmented and 

inconsistent: 

The present Canadian aviation regulatory requirements reside in a mi.. of 

disjointed regulations, order, manuals, and policy documents that are difficult to 

comprehend. ( 1001) 

Unfortunately, for a commercial or airline transport pilot, the requirement and the 

regulatory process that make (something) a rule are so convoluted that it  is nearly 

impossible to ascertain, first, what is the Canadian requirement: second, in what 

publication is it located; and, third, what makes it a regulation. (1003) 

A decade earlier, the Dubin commission had strongly encouraged Transport Canada to 

replace or revise its regulations. Mr. Dubin felt that "...it would be wasteful of 
expertise, manpower, and funds for Canada to draft its own code." (1003) Mr. 

Moshansky agreed with this opinion and recommended that Canada adopt the 

American FARs. 

3.2.4 Consultation 

3.2.4.1 Regulatory Efficiency Act - B i l l  C6Z 

In 1995 the Government introduced the Regulatory Efficiency Act (REA) for 

first reading to Parliament. This Act was intended to 

'...allow regulatory goals to be achieved through alternatives to designated 

regulations that. ..do not compromise the safety, health, environmental or other 

objectives of designated regulations ... are consistent with the principles of 

sustainable development..reduce regulatory costs to the public, including 

individuals, businesses and industries (and).,.improve regulatory efficiency 

while respecting principles of equality, fairness and governmental accountability. 

(Regulatory Efficiency Act) 

Had this Act been adopted, federal regulators would have been authorized to approve 

compliance plans that were "...submitted to them by individuals in fulfillment of the 
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objectives ... of prescribed regulations." (Weiler, 1995:lOl) The Act included a number 

of procedural safeguards, including "... a series of publication and access 

requirements, as well as an explicit duty to consult." (101) 

The REA was a creative attempt to find an alternative to traditional "command 

and control" regulatory mechanisms. Under the Act, the Governor in Council would 

determine which regulations would be subject to compliance plans.lV (REA) This was 
a significant step beyond the requirement for consultation that is contained in the 

Federal Regulatory Policy of 1986 (renewed in 1992). (Weiler123) This policy 

requires a Regulatory Impact Anaiysis Statement (MAS) to be completed for any 

major regulatory change.' The Federal Regulatory Policy also specifies procedures 

for the tabling of regulations with the Special Committee of Council (SCC) for a merit 

review, and for public notice and comment. (123) While these procedures are not 

binding, they are generally followed by government agencies. (123) Even the 

proposed REA contained a privative clause which attempted to ensure that a failure to 

meet the consultative requirements of the Act would not invalidate any approvals or 

agreements concluded under the Act. ( 1 17) 

After first reading the REA was referred to the Secretariat of the joint 

Standing Committee of Parliament for further ctnsideration. The Committee rejected 

Bill C62. Committee members apparently saw the Bill: 

... as conferring on the Executive the 'discretion to grant dispensations from 

subordinate law in favour of individuals' (and) ... a 'partial abrogation of the 1689 

Bill of Rights which declared illegal the exercise of dispensation by the Crown.' 

(Reid, 1996:103) 

The Secretariat also alleged that Bill C62 "offended the rule of law, violated principles 

of equality and fairness, and evaded government accountability. " (104) 

3.2* 4.2 Alternative Dispute Resolution ( A  D R )  

Alan D. Reid is an advocate of Alternative Dispute Resolution techniques for 

the development and administration of regulatory schemes. Mr. Reid has been a Law 

Reform Commissioner and has studied the regulatory process at the Federal level for  

almost twenty years. (Reid: 106) He sees our needs in Canada as: 

... becoming increasingly for a better balance between adjudicative models and 

facilitative models, i.e.. those in which the interested parties themselves shape the 

regulatory policies that apply to them, under the watchful eye, but not the 

directive, of the regulator. ( 106) 
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Mr. Reid goes on to claim that governments have "...neither the money, the time, the 

patience, the confidence or the ability to assume the degree of responsibility for 

regulating people and activities that they presumed to take on years ago." (106) 

ADR goes beyond the consultative model by passing responsibility for 

compliance to the affected parties in a similar manner to that proposed by the now 

abandoned REA. Under this model, the regulator facilitates the process by which the 

parties develop policy. (107) Similar processes have been formally encouraged in 

the United States under laws like the "Federal Advisory Committee Act" and 

'Negotiated Rulemaking Act of 1990" (107) 

Consensual rulemaking, or AD& is not appropriate for all situationsv1 and 

where it is used "...people, the attitudes they hold and the relationships they form, 

are the keys to (its) success or failure ..." Where their use is appropriate, 

"...regulatory policy negotiations should extend to conflict prevention and resolution 

strategies." (109) All parties should be encouraged to take responsibility for 
implementation and enforcement rather than leaving these critical areas to the 

regulator alone. This should be "...negotiated with the stakeholders and form part of 

the regulatory policy. " (109) 

In response to the criticisms directed toward the REA by its government 

detractors, Reid suggests that a "...more structured and rigid formula may be more 

constitutionally correct but not necessarily related to real-world dynamics." (1 13) He 

admits: 

that approving compliance plans that do not call for identical action compromises 

the rule of law and allows the regulator to Favour one regulatee over another. 

However, there is an implicit assumption in such criticism that it is possible to 

Iay down policy prospectively and uniformly in a way that fairly serves individual 

or public needs. (113) 

3.2.4.3 Compliance 

Under ADR or a system similar to that proposed in the REA, compliance could 

be encouraged by treating "...a breach of a negotiated compliance agreement as a 

breach of regulation." (1 13) The regulator could also choose to negotiate or re- 

negotiate "... a solution to the non-compliant behaviour ... depending on the harm or 

risk of harm incurred and the attitude of the reylatee." In the case of the latter, 

multi-lateral negotiations may be required "...if the breach of the regulatory policy 
has impinged upon the rights or interests of other interested parties." (114) 
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Negotiation can be used to achieve reconciliation and restoration (1 14) but may only 
be effective where the agency also retains enforcement power if the process fails. 

Third parties may not feel adequately protected if the regulator is unable to act 
following a breach of an agreement. (1 16) Non-binding and binding arbitration arid 
mediation procedures may also be used to settle disputes among regulated parties and 

the regulatory agency when negotiation alone fails. (1 15) 

3.2.4.4 Regulatory Act - 1996  

The new Regulatory Act, Bill C25, was referred to the Standing Committee on 

Justice and Legal Affairs on June 18, 1996. It has not passed final reading in  

Parliament, but should soon. This Act allows for the "...modernization of the 
regulatory process by providing for consultation, registration and publication by 
electronic means." (Bill C25) The requirements of this Bill apply to any regulation 
unless it has been exempted by the Governor in Council.v1i Compared to both the REA 

and ADR discussed above, Bill C25 has little to offer advocates of consultative and 
negotiated regulatory processes. The Bill does little more than specify the 

registration and notice procedures that are already followed as a matter of policy. It 

does go further than the policy, however, by preventing persons who may be in  
contravention with a regulation from being convicted or subjected to a penalty if the 

notification procedures specified in the Act are not followed.v1ii The regulation itself 
remains valid even if it was not published in accordance with the Act. (Bill C25) 

3.2.5 Construction of Statutes 

Once the statutes and regulations are enacted, and after all of the appropriate 
consultation and negotiation has taken place, disputes between government agencies 

and a regulated party may still exist. In this case, the courts or some other quasi- 

judicial body may be required to mediate or adjudicate. If so, a key task for the 
dispute-resolving body involves the correct "constructionn of the relevant statutes 

or regulations. Over the years, common law courts have used several methods to 

interpret the meanings contained in statutes, including the "purposen or "mischief" 

rule, the 'plain meaningn rule, and the 'Goldenn rule. (Driedger, 1983:l) According 
to one respected commentator, today there is only '...one method of construction and 

that is the literal one, but literal in total context."(2) 

'Literal," or 'words in themselves," in this sense means all of the words of the 

statute and not only the ones under direct consideration. (3) Adjudicators may have 
to look beyond isolated sections of a statute or regulation to discover the underlying 
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meaning or intention of its drafters. Where ambiguities or anomalies are 

encountered, several principles have evolved over the years to guide us in their 

resolution. For example: 

... if the words of an Act admit of two interpretations, then they are not cleart and 

if one interpretation leads to an absurdity, and the other does not, the court will 

conclude that the legislature did not intend to lead to an absurdity, and will adopt 

the other interpretation." 

When two constructions are open the courts must make a choice, and in making that 

choice such factors as absurdity, injustice, anomaiy, hardship, and inconvenience 

are relevant ... If the language is equivocal and there are two reasonable meanings of 

that language, the interpretation that will avoid penalty is to be adopted. (33) 

Note that in this case, at least one other interpretation must be possible in order to 

avoid the absurdity. In Murray v. District of West Vancouver the court: 

... held, however, that the power of Parliament to pass even what might be 

considered unjust legislation is unimpeachable provided the language used is open 

to no other construction. Where the language of a legislature admits of but one 

interpretation effect must be given to it whatever its consequences. (30) 

Where the meaning of the statutory words is plain and unambiguous it is not for 

the judges to invent fancied ambiguities as an excuse for failing to give effect to its 

plain meaning because they themselves consider that the consequences of doing so 

would be inexpedient, or even unjust or immoral. " 

When interpreting regulations or the Acts which authorize them, adjudicating bodies 

must read the words '...in their entire context and in their grammatical and ordinary 

sense harmoniously with the scheme of the Act, the object of the Act, and the 

intention of Parliament." (87) 

3.3 Civil Liability 

3.3.1 General 

Historically, the courts have attempted to maintain a clear distinction between 

private, or civil, and public law. Private individuals could be held accountable for 

their actions under tort, while governments and public agencies were held 

accountable politically through Parliament or other representative bodies. In recent 

decades, the protective wall around public agencies has been breached and in 
isolated but significant instances these agencies have been found to be liable for 
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their negligent actions before the courts. In the experience of the author, the fear 

that individuals within agencies like Transport Canadamight be held liable for their 

acts of commission or omission has created a collective attitude of caution and risk- 

aversion among regulators. This is just one more factor along with the others 

already mentioned that may be assumed to have caused Transport Canada to overhaul 

its regulatory and organizational structure. 

3.3.2 Duty of Care 

In any case where liability under tort is in question, the courts must first 

concern themselves with establishing whether the defendant owed the plaintiff a 

duty of care, and if so, what it might be. Reasonableness, pro?dmity, neighbourliness, 

and foreseeability are all principles that the courts have used over the years to test 
for the existence of such a duty. For offences involving the negligent and harmful 

actions of private individuals, the courts may reach as far back as the last century 

for instructive precedents and examples. 

Civil cases that involve either public agencies or regulatory offences are not 

so easily resolved. With respect to the latter, the concept of a strict regulatory 

offence was introduced to Canada in 1978. (Hughes, 1992:218) With this new type of 

offence, the Supreme Court of Canada intended to enable the Crown to prosecute a 
regulatory case without having to prove mens rea (intent), which is a "virtual 

impossibility" in most regulatory cases. (219) Under a strict liability defence, there 

is a "...reverse onus on the accused to establish, on a balance of probabilities, that he 

or she took reasonable care." (214) Unlike normal liability or a "mens rea" case, any 

mistake in fact on the part of the defendant must not only be held honestly, but must 

also be reasonable in the courts opinion. (215) The other defence available in a case 

of strict liability is that of 'due diligence. " Demonstrating due diligence requires: 

... a defendant to show that he or she did all that any reasonable person would have 

done in the same circumstances to avoid a foreseeable risk of harm...since a vast 

array of actions and omissions may be considered negligent, establishing a due 

diligence defence can be extremely onerous. (216) 

The principles used to establish a standard, or duty of care, required of defendants 

employing a due diligence defense is '...effectively similar to determining liability 

for negligence in tort." (216) Civil cases involving public agencies as defendants 

can be even more complex. 
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3.3.3 Public Agencies 

Until the middle of this century, governments and their agencies enjoyed 

sovereign immunity from actions in tort. (Woodall, 1992:87) This immunity was 

abrogated for the first time as a result of the effort made through the American 

Federal Tort Claims Act (1946) to make the government liable in tort as though it were 

a person. (87) The British Crown Proceeding Act of 1947 had a similar objective, 

although it waived immunity indirectly. (87) The Tort Claims Act created the 

discretionary distinction to describe government functions which were outside of 

the scope of the Act. This distinction was later coined the discretionary-operational 

dichotomy by the courts. (88) Using this principle, the courts have expanded the 

scope of civil liability for public authorities since the late 1970s. (Reynolds, 1992:2) 

This distinction has been used by the courts in an attempt to differentiate between 

those decisions or actions of public authorities which are concerned with "policy" 

and are to be reserved for electoral review only, and those decisions which are 

"operational" and thus reviewable by the courts. (4) 

Anns v. Merton London Borough introduced the American initiative into the 

Commonwealth through the courts. (Woodall:89) Lord Wilberforce in Anns "...stated 

that the duty owed to private individuals by the government is not exclusively a 
matter of public law ..." He suggested that the concept of proximity must be 

considered since the public authority may have a duty to those who are closely 

affected by it. (89) Since Anns, several Canadian cases have served to entrench the 

policy-operational distinction within our Many of the disputes involved faulty 

or inadequate systems of inspection that failed to prevent a harm horn occumng. I n 

Laurentide, the municipality was held responsible for faulty inspections of its fire 

hydrants even though it had not explicitly created an inspection policy. (101) I n 
KamIoops, the municipality had made a policy decision to regulate construction and 

was therefore held accountable when one of its inspectors failed to enforce the 

bylaws. (Reynolds: 1 1) In Barratt, the plaintiff argued that the pothole inspection 

system itself was inadequate. This time the Supreme Court did not find that a duty 
existed and stated, relying on Anns, that: 

... a municipality that had been granted a power by the legislature in discretionary 

terms was under no duty to exercise that power. Any decisions on whether or not 

to exercise the power, or the manner in which the power would be implemented i f  

exercised, where matters of policy to be decided by the municipality, not by the 



Aviation Risk Regulation Leclal Issues 

courts. It was only if municipal employees acted negligently and caused injury in 

the actual implementation of the policy that Iiability could be imposed. (10) 

As a final example, in Just the Supreme Court found the Province liable for having 

implemented an inadequate road inspection system even though the circumstances 

were very similar to Barratt. (16) With this case, the court further confused matters 

by seeming to suggest that policy decisions were only immune from court review if 

they were reasonable (in the court's opinion). (18) 

Canadian legal commentators suggest that the Canadian courts should follow 

the lead of the courts in other Commonwealth countries like Great Britain, New 

Zealand and Australia and abandon the policy-operational distinction. (Woodall: 1 1 1) 

They find the Canadian Supreme Court's efforts to apply this distinction to be 

"circular and unhelpfuln (1 11) and little more "...than a legal fiction given life by 

the competing legal philosophies." (Reyno1ds:j) Taken together, the Supreme Courr's 

decisions concerning the liability of public agencies under tort are "incoherent" 

since they "...do nor provide a reliable means of determining how future cases will be 

decided." (Woodall:142) What these cases doindicate, however, is a desire on the part 

of the court to have government compensate victims for their losses. (112) 

Rather than relying on the policy-operational distinction to determine when a 

public agency owes a duty of care to an individual, the couns should take greater 

account of the particularities of the relationship between the public agency and the 

harmed party. (86) A duty of care should be found to exist when the agency's 

"...activity is sufficiently like the activity of persons that the law regulating the civil 

relations between persons can apply ..." (85) Specifically: 

... a person may claim compensation for faulty regulation of inspection where a 

government has intentionally acted in such a way: (1) that it would be reasonable 

for the plaintiff to rely on the government agency to ensure his or her safety or 

interests and (2) that the agency has actually induced the plaintiff to forego other 

remedies or precautions against the risk. (86) 

In the case of inspection schemes or other government initiatives which seek to 

avert harm, the principle of foreseeability by itself cannot be sufficient to create a 

duty of care between the agency and an individual. (1 18) When considering 
government obligations to inspect or avert danger existing categories of duty are not 

necessarily helpful since these duties are not normally recognized between ordinary 
persons. ( 120) Specific detrimental reliance: 
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... is a promising basis for developing a rational private law duty on the pan of 

public authorities to regulate and inspect. When an agency induces a particular 

plaintiff to rely on its inspections, and when the plaintiff does rely on the 

inspections and reasonably alters his or her conduct because of that reliance, a 

private duty to inspect carefully may arise. (127) 

This does not mean, however, that the government is generally liable for actions 

over which it has regulatory control. (118) A duty of care does not exist under the 

civil law governing relations between persons unless a relationship of proximity can 

be established through evidence of specific and reasonable reliance. In addition, the 

creation of a policing or inspection system "...for compliance does not remove 

responsibility for compliance from the subjects named in the enabling statute." (121) 

The Court's decisions in the Canadian cases involving public agencies and the 

policy-operational distinction place the court in conflict with legitimate policy- 

making bodies. The shift toward wider judicial review in Canada of the decisions of 

public agencies: 

... now enables the court to substitute its discretion for that of an elected public 

authority and to undermine the decision-making process which was apparently 

intended by the legislation. (Reynoids:22) 

Sopinka J. in a dissent in Just states that this amounts to '...an usurpation by the court 

of a power committed to the designated body." (23) The Canadian Supreme Court has 

increased the accountability of public authorities through exposure to civil liability. 

It is clearly up to the legislators to provide statutory protections if they wish to 

protect their discretionary authorities. (23) 

3.3.4 Defence of Necessity 

3.3.4.1 General 

Civil and public law instruments can be used to control or limit ris k-causing 

activities. We have already noted that the civil law is better able to respond to and 

take into account the particularities of each instance of such an activity. Statutory 

laws and regulations generalize proscriptive conditions to fit varying conditions. It 

seems reasonable to assume that under special and perhaps unforeseeable 

circumstances it might be in society's best interest to permit the otherwise 

proscribed activity to occur. Since it can be dmcult if not impossible to draft 

statutory instruments that anticipate dl eventualities, a willingness on the part of 

the courts to recognize and allow for exceptions might ease some of the burden 
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associated with the regulatory process. The wording of the statute or regulation 

might not need to be as inclusive and far-seeing, and the person engaged in the risk- 

causing activity might have an opportunity for non-compliance provided the facts of 
the case pass an appropriate test set by the couns. 

3.3.4.2 History of the Defence 

Legal authorities are not certain that such an opportunity exists, or if it does, 
to what degree it is available. In the case of the criminal law, the 'defence of 

necessityn has been used with limited success by defendants in the commonwealth 

countries: 

From the earliest times it has been maintained that in some situations the force of 

circumstances makes i t  unrealistic and unjust to attach criminal liability to 

actions which, on their face, violate the law. Renigcr v. Fogossa 1551 (Supreme 

Court 1984:7) 

Classic instances of necessity include a mother stealing to feed her starving child, 

shipwrecked mariners resorting to cannibalism, or a motorist speeding to take an 

injured person to the hospital (7). United States v. Holmes (1842) and the Queen v. 

Dudley and Stephens (1 884) were two notorious nineteenth century "lifeboat" cases 
where the victims were either thrown overboard or eaten to save the survivors 
(Sneideman, 1996:377). Both the British and American courts rejected these 

measures and disallowed the defence of necessity. The justices believed it was better 
for all to die than to allow society to regress by accepting what was perceived to be a 

barbaric maritime standard (378)'0ii On the other hand, these same couns were 

prepared to allow an *encroachment of private property" in the event of immanent 
danger (Chitty's, 1972: 165)?" 

More recently, the defence of necessity has been used by several Canadian 

defendants. In R v. Perka (1984), the British Columbia trial judge allowed drug 

smugglers to use this defence to justify their action of seeking refuge in Canadian 

waters during bad weather. The jury acquitted and the Crown successfully appealed. 
The Supreme Court affirmed a new trial was warranted but allowed the defence of 
necessity to stand (Supreme Court 19841)." In Saskatchewan, Robert Latimer 
unsuccessfully used this defence to meet the charge of murder resulting from the 

gassing of his handicapped daughter? The defence of necessity was also used by Dr. 
Morgantaler in 1975 and 1976in separate cases where he argued that his patients' 

lives would have been in  danger had he not performed the illegal abortions. The 
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defence was disallowed in the first instance, but allowed the following year for a 

subsequent defence (Sneiderman:3 84) Since this second Morgantaler case, the 

courts have accepted the existence of the defence of necessity in Canada The 

defence has succeeded in five criminal cases and has been deemed to exist as a 

defence in several others but held to be unavailable on the facts (Supreme Coun:8). 

In several other cases that are perhaps more relevant to our discussion of the 

aviation regulatory process, the courts have allowed motorists to defend themselves 

following road regulation violation by invoking the defence of necessity. In R. v. 

Howe ( 1987), Lord Hailsham stated that the defences of duress and necessity: 

... both entail the consequence that the driver must show that he drove as he did 

because he was constrained by circumstances to drive as he did, in order to avoid 

damage or serious bodily harm to himself or another ... (Divisional Court. 

1989:225). 

In R v. Martin, the coun held that a disqualified driver could use the defence of 

necessity because he had reason to believe his wife was suicidal and drove illegally as 

a result (225). In this case, the jury was left to determine two questions: 

1. Whether the accused had or might have been impelled to act as he had because, 

as a result of what he reasonably believed to be the situation, he had good 

cause to fear that otherwise death or serious physical injury would result; 

2. if so, whether a sober person of reasonable firmness, sharing the 

characteristics of the accused, would have responded to that situation by 

acting as the accused had done? (Court of Appeal, 1989:292) 

The prosecution argued that even when the defence of necessity has been 

established, it has no application in a charge of driving without due care and 

attention. Regardless of the circumstances, the care and attention used must be 

appropriate to the emergency (Divisional Coum225). In another relevant example, 

Buckoke v. GLC, a British trial court determined that fire brigade drivers need not 

stop at a stop line provided that by not doing so they do not cause danger to another 

driver proceeding lawfully (226). 

3.3.4.3 Justification vs. Excuse 

Legal theory distinguishes between justification and excuse. Working Paper 

29 of the Law Reform Commission of Canada states: 
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The rationale of necessity ... is clear. Essentially, it involves two factors. One is 

the avoidance of greater harm or the pursuit of some greater good; the other is the 

difficulty of compliance with law in emergencies. From these two factors emerge 

two different but related principles. The first is a utilitarian principle to the 

effect that, within certain limits, it is justifiable in an emergency to break the 

letter of the law if breaking the letter of the law will avoid a greater harm than 

obeying it. The second is a humanitarian principle to the effect that, again within 

limits, it is excusable in an emergency to break the law if compliance would 

impose an intolerable burden on the accused (Supreme Court:9). 

Dickson J. in R. v. Perka is skeptical regarding the application of the principle of 

justification to the defense of necessity (10). He claims that to hold: 

... that ostensibly illegal acts can be validated on the basis of their expediency, 

would import an undue subjectivity into the criminal law. It would invite the 

courts to second guess the legislature and to assess the relative merits of social 

policies underlying criminal prohibitions ... Such doctrine could well be the last 

resort of scoundrels and...could very easily become simply a mask for anarchy 

(10). 

The justices in Perka were more comfortable when the defense of necessity was 

formulated as an excuse. The court recognized: 

... that a liberal and humane criminal law cannot hold people to the strict obedience 

of laws in emergency situations where normal human instincts, whether of self- 

preservation or of altruism, overwhelmingly impel disobedience. The objectivity 

of the criminal law is preserved; such acts are still wrongful, but in the 

circumstances they are excusable (10). 

Dickson J. emphasized that even as an excuse, the use of this defense must "...be 

strictly controlled and scrupulousIy limited ... " ( 12). When referring to the earlier 

precedent set in the second Morgantaler case, Dickson was concerned w i t h  

determining whether the wrongful act was the only realistic action available, or was 

the actor making a choice of options (12). If the latter, then he would suggest the act 

was not tmly involuntary: 

At a minimum the situation must be so emergent and the peril must be so pressing 

that normal human instincts cry out for action and make a counsel of patience 

unreasonable (1 2 ). 
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This requirement is related to the principle that a criminal act be voluntary. Where 

human instinct overwhelms the individual a "moral or normative involuntariness 

may excuse the actions (1 1). 

In a dissenting opinion, Wilson J. was "...firmly of the view that this is a door 

[iustification] which should be left open to the court." ( Schabas, 1985279). Wilson 

agrees with Dickson's opinion that individuals should not be allowed to violate the 

law by appealing to higher social values alone (283): 

Purely ethical duties, not recognized by law, are not sufficient to ground a defence 

of justification, nor can the justification defence rest solely on an objective 

determination of lessor evils or on the basis that social utility is increased (283) 

Wilson would permit the defence of justification (as opposed to that of excuse), if the 

higher social value appealed to is a legal duty reflected in the law (283). An appeal to 

higher social values is now justified through the establishment of the Canadian 

Charter of Rights and Freedoms which takes precedence over the common law: 

If one is acting, therefore, in protection or furtherance of a constitutionaf value 

and the action involves a violation of legislation, the courts should examine the 

behaviour in light of the Charter and determine whether it is not wrongful and 

therefore justified in the circumstances (282). 

In a commentary on the defence of necessity, P. Schabas claims that Wilson J.'s 

approach is better and more consistent since it requires a legal test only, and not a 

normative one. (286). In contrast, Dickson J's conditions, (i.e. existence of an 

emergency; involuntariness; urgency; no legal alternative; and the harm committed 

is less than the harm avoided) requires the court to judge the actor's behaviour and 

as such is still a form of justification (286). 



Aviation Risk Regulation Risk 

4. Risk 

Public and civil systems of law attempt to limit our exposure to risk and to 
mitigate its effects when the risk-causing activity leads to harm. In order to control 

and avoid risk, regulators, organizations, and individuals must understand the nature 

and sources of risk. This section will examine issues that are associated with risk 
perception, assessment, management, and regulation. We will discover that the field 

of risk management is characterized by controversy and uncertainty. 

4.1 Risk Perception 

4.1 .1 General 

Anyone seeking to control risk and its effects must first identify and 

understand the nature of the risk-causing activity(s) that might be cause for 

concern. This fundamental step can be the source of considerable conflict and 

disagreement. Perceptions of risk often vary widely amongst stakeholders. 
Numerous studies have demonstrated that the differences in risk perception between 

the public and industry or regulatory "experts," can vary dramatically (Breyer, 

1993:34). As will become apparent during our discussion of road traffic engineering 
issues, experts themselves can come to very different conclusions regarding the 

nature and source of risk. 

As one might expect, differences in opinion and perception with regard to risk 
can subvert the risk management process. Experts may assume that science can 

identify 'real" risks while they attribute the public's concerns to fear or 
misperception (Freudenberg, 1996:52). This bias on the part of expens is "...clearly 

problematic ... for controversies that involve high stakes, low consensus, new 
technologies, and unequal distributions of burdens and benefits." (52) This conflict 

in perception can be particularly damaging to the regulatory process which is, on 
the one hand, highly sensitive to public input, and on the other controlled and 

managed in large degree by 'experts." As one commentator suggests, *...public 
perceptions, [legislative] reactions, and technical regulatory methods reinforce each 
other ..." in a circular and often confusing manner (Breyer:3 3 ). 

Some have suggested that "...the problem of risk conflict and controversy ... is 

deeply rooted in the social & political fabric of our society." (Slovic,1997:236) 

Different perceptions and definitions of risk reflect underlying differences in  
values and philosophies among those managing and those affected by risk (Gould, 



1988:17) The discipline of risk assessment and management to a large measure grew 

out of industry's and government's attempts to respond to challenges ro expert 

opinion: 

Their attempts to be more technically rigorous led to the emergence of the new 

'science' of risk analysis, the use of available data, supplemented by cdculation, 

extrapolation, theory and expert judgment, to define the risks to people due to 

their exposure to hazardous materials or operations. (Otway, 1985:3) 

Public opposition to risk-causing activities with high catastrophic potential (most 

notably nuclear power) led analysts to quantify risks and compare them to the risks 

of "daily lifen in an attempt to "...convince the public that they actually added little to 

the overall risk of death* when the outcomes were weighted by very low 

probabilities (12). 

4.1.2 4.1.2 Trust 

Disappointingly for risk management practitioners, rigorous risk analysis did 

little to placate public groups who remained in opposition to certain technologies 

even when risk was estimated to be low (13). For example, opposition to nuclear 

power and hazardous industrial chemicals has continued despite the apparent fact 

that relatively few deaths or injuries have resulted from the use or misuse of these 

technologies (Gould:15) At least part of the public's lack of acceptance is due to 

mistrust of expert opinion (Slovic:236) (Breyec3 5 ). Trust generally is easier to 

destroy than create (239) Paradoxically, risk analysis studies can increase 

perceived risk and reduce nust by '...uncovering more bad news." (243) The 

relatively obscure language and concepts of risk analysis may do little to diminish 

fears once they have taken hold. 

Commentators and experts themselves appear to remain divided on the real 

nature of the "perception" problem. Some undervalue the public's understanding of 

risk by suggesting that the public is mathematically illiterate, mistrustful, too prone 

to generalization and categorization, and are unduly influenced by the prominence 

of an event or threat and by a sense of obligation* (Breyer:3 5) Those who share this 

viewpoint believe that the perception problem must be overcome through education 

on "realw issues and risks (Ahearne, 1993:19). 

Others are not so ready to dismiss the public's perception of risk. A risk may 
be no less real simply because it is rare or has not yet occurred: 
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... lay people appear to use a broader and more complex definition of 'risk' than do 

technologists, who, for the most part, define the risk of a technology as the 

probable number of deaths that that technology will cause. (Could:36) 

When asked to estimate risks associated with various activities, members of the public 

have demonstrated that they can do so with relative accurately (47). While the public 

tends to overestimate the likelihood of rare events and underestimate common 

events, their responses to at least one risk perception survey indicate a high 

correlation between estimated and actual causes of death (47). This result 

undermines rhe claim made by some experts that t h e  public is not "rational." (47) 

Unlike experts who generally equate risk with statistical concepts like 

"expected annual mortality" (Slovic:23 5 ) ,  the public's perception of risk is 

influenced by various qualitative factors (GouldA8). These include catastrophic 

potential, controllability, dread, threat to future generations, equitability of risk- 

benefit distributions, delay of effects, observability, novelty, and knowledge to 

science (Gould:48)(Slovic:235). The more a hazard appears to exhibit these qualitative 

factors, "...the more people want to see its current risks reduced, and the more people 

want to see strict regulation employed to achieve the desired reduction in risk." 

(Slovic:235) While expressed-preference research has shown that people will 

tolerate a higher level of risk for beneficial technologies, they also indicate that 

people believe technologies in general are underregulated (Gould:19) 

4.2 System Failures 

4.2.1 General 

Failures that can result in damage to an industrial system and its environment 

are unavoidable, according to Charles Perrow. Varying degrees of system complexity 

result in a comensurate variability in accident or incident occurrence probability. 

Those associated with the system's design, construction and operation, and those 

exposed to its risks may disagree on the nature and degree of the threat posed. Even 

optimists, however, must recognize that system failure, whether minor or 

catastrophic, is always possible. 

4.2.2 Complexity 

Complex systems, according to Perrow, are made up at least in part by 

components and subsystems that have multiple functions* (Perrow,1984:72). These 

components and subsystems interact in complex ways, involving: 
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... branching paths, feedback Ioops, jumps from one linear sequence to another 

because of proximity ... The connections are not only adjacent, serial ones, but can 

multiply as other parts or units or subsystems are reached (75). 

This complexity, while not desirable in itself, results in greater efficiency than can 

be realized by simpler, linear systems (88). "Multi-modal" hardware can perform 

more than one system function, thus reducing the size and cost of a hardware- 

intensive system (88). Unfortunate1 y, the complex interactions that are associated 

with multi-function systems "...are those of unfamiliar sequences, or unplanned and 

unexpected sequences, and are either not visible or not immediately 

comprehensible. " (78) 

Another defining characteristic of complex, high-risk systems is the degree to 

which the system interactions are "tightly coupled." (93) Tightly coupled systems 
have more time-dependent relationships amongst continuously moving components 

and subsystems (93). In very tightly-coupled systems, these relationships are almost 

instantaneous, where a change of state in one pan  results in a corresponding 

change in two or more others. Sequences are more invariant in a tightly coupled 
system since it is relatively intolerant of deviations, either in inputs, environment, 

or operator actions (93). 

Linear systems, by contrast, rend to be more predictable, easier to operate, and 

therefore safer (88). Linear interactions are clearly related and sequential (72). All  

systems, according to Perrow, are dominated by linear actions (75). Complexity 

varies with the degree to which multi-functionality is integrated into the linear 

processes. Perrow considers air transportation systems to be relatively tightly 

coupled, but more linear than other complex systems m(97) 

4.2.3 Accidents 

Accidents in linear systems occur in a relatively predictable fashion when one 

or more proximate parts sustains an error or fails (72). These failures are 

ucomprehensible* to the designers and the operators (70). Accidents involving 

complex systems are, by contrast, the unanticipated result of multipie interactions 

and failures (70). Failures and resulting accidents in complex systems are often 
incomprehensible, at least during or immediately following the event: 

In the real operating environment ... safety may be dominated by factors that deb 

quantification ... Failure may even be caused by following specified procedures in 

an unanticipated situation (Otway:9) 
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The more tightly-coupled the complex system is, the less opportunity there is for 

adaptation and innovation during a failure (95). Buffers and recovery mechanisms 
must be designed in or added as critical system failure relationships are identified 

(95). 

4.2.4 Victims 

People who are effected by a system failure and accident may be classified into 

four types: 

1. First Party - operators: 

2. Second Party - non-operating personnel or system users (e.g. 

passengers) ; 

3. Third Party - innocent bystanders; 

4. Fourth Party - foetuses and future generations (67). 

Most industrial accidents involve operators, or first party victims (67). Operators are 
also blamed for most accidents, even though this is a "great oversimplification" of 

the actual cause and effect relationships at work within complex systems (67). Other 

types of victims may be involved depending on the nature of the accident. Third 

party victims are those that are exposed to the risk on a regular basis, but cannot 

easily choose to avoid it (e.g. those living near airports or nuclear power plants) (68). 

Fourth party victims are less common, but may be involved if accidents contaminate 

the environment with hazardous wastes or radiation, for example. 

4.3 Management 

4.3.1 General 

System managers at all steps and levels must conscientiously manage risks, 

whether 'perceived" or "real," in the interest of public safety and comfort. The 
ultimate responsibility for system design and operation rests with the top managers 

(Bell,1989:51). These managers may be involved in the project design and 

construction phase, operations, or regulation. Safety must both be designed in from 

the beginning and be supported by good operating practices (51). NASA learned the 
hard way that responsibility for program safety rests with the managers, not the 

safety offices within an organization. The Challenger Accident Investigating 

Committee concluded that: 
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... only this program management, not the safety organizations, can make judicious 

use of the means available to achieve operational goals while controlling the safety 

risks at acceptable levels (51). 

Even, or especially, for complex systems, one can argue that failures occur due to 

"...the accumulation of fallible decisions in the higher echelons. (51). 

4.3.2 Aviation 

Surprisingly, the aviation industry has been arguably slow to improve and 

change its safety management methods. Terry Kelly of Nav Canada recently 

participated in a Transport Canada safety seminar in Toronto where he presented a 

safety management paper he authored. In it, he identifies James Reason of 

Manchester University as a leading proponent of such change (Kelly, 1997:l). 

According to Kelly, Reason's work has affected accident investigation methodologies 

but has "...not yet significantly altered our actual performance in preventing 

accident occurrences. " ( 1 ) Another aviation safety specialist, Dan Marino, at a 

recent IATA Conferencem1 called 

... for alternatives to the identification of obvious cause and effect relationships of 

occurrence causation, demanding that tools for the 'realistic assessment of safety 

in complex systems' be developed and employed. (2) 

Kelly affirms that safety management systems must be fully integrated into aviation 

operations (2). At the same time he admits that '...aviation managers have not been 

asking the right questions nor have they had the right tools to find the answers even 

if they had been." (14). While Kelly claims that Nav Canada is well on the way to 

developing an effective safety management system, he implies that reliable 

indicators of risk and performance are still elusive. He confidently asserts that these 

"...indicators will become available as the safety management system matures." (11) 

A current Transport Canada safety document, Risk Management and Decision- 

Making in Civil Aviation" issued in 1997 affirms the importance of effective risk 

management while ignoring any deficiencies in current practice. The Director of 
Civil Aviation for Canada states that risk management attempts to reduce the 

likelihood of an event occurring, or to limit its consequences: "Effective risk 

management seeks to maximize the benefits of risk.. . while minimizing the risk 
itself. * (Transport Canada, 1997:l) He goes on to say that: 
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... risk management is important..because the effectiveness of service delivery and 

safety monitoring depends on it [and it ensures that] resources are being allocated 

in the best possible way to meet safety ptiorities (2) 

4.3.3 Analysis 

Transport Canada advocates a 'structured decision-making " approach to risk 
management (3). This process includes four steps: 

I. identification of hazards; 
2. evaluation and priorization; 

3. corrective actions; and 
1. follow-up (System Safety, 1996:20) 

According to the 1997 Civil Aviation document, this four step analysis should be 

designed to be: 

1. easily understandable: 
2. adaptable to different decision-making situations: 

3. flexible in using a range of tools to gather risk information; 
4. defensible; 
5. reliant on stakeholder consultation; and 
6. founded on open communication. (Transport Canah3) 

Communication at all stages is considered to be key. Goodcommunication strategies 
should include: 

... issue identification, stakeholder analysis, determining the strategies for 

effective consultation, developing and delivering effective messages, and 

addressing and discussing public perceptions of risk... Involving key stakeholders 

in decision-making is fundamental to our partnership philosophy .... I t  ensures that 

decision-making benefits from collective expertise. I t  also makes it easier to 

communicate the rationale for decisions and, ultimately, gain acceptance by those 

who will be affected by them f 2-3) 

While proper resource allocation is mentioned as one of the benefits of good 
risk management, none of the Transport Canada documents studied provides guidance 

for completing a formal quantitative analysis. True cost-benefit management, 

however, '...requires that cost, risk and benefit be converted to a consistent set of 

units, usually monetary, so they can be compared." (Otway:14) For aviation risks, this 

requires that a value be placed on human life, an endeavour that is "...alarming to 
lay people. " ( 14) 
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4.4 Risk Assessment 

4.4.1 Uncertainty, Variability and Indeterminism 

4.4.1.1 General 

Any attempt at serious risk analysis will quickly lead to a realization of how 

much is not known about the functional relationships within a system and their 

effect on safety for those e.xposed to risk. Lack of knowledge about all of the factors 
that lead to variations in risk for a given population produces uncertainty 

(Wilson,1997:35). Variability, on the other hand, is the known differences among 
members of a population that lead to differences in risk (35). In practice, variability 
is often present but may be difficult to define, at which point it becomes yet another 

component of uncertainty (36). Indeterminism is closely related to uncertainty as 

well, and often confused with it (Jamieson, 1996:37). Taken together, uncertainty, 

variability, and indeterminism can lead to results that are difficult to apply to the 
real world of risk management. 

What we know and do nor know about a system and its effects is also as much 

influenced by cultural values as it is by our scientific rigour (Otway:7): 

Values implicit in national cultures, exgt icit differences in values between 

successive administrations within a country, and the values shared by the 

research community and its sponsors influence research priorities and, thus, the 

scientific uncertainties encountered in regulation. (6) 

This uncertainty is minimized to the degree that we m s t  the data, knowledge, or 
theories surrounding a particular issue (Jamieson: 3 8). Some areas of knowledge must 
be assumed to be correct, othenvise everything would become uncertain and 
unknowable (38): "Rather than being a cause of controversy, scientific uncertainty 

is often a consequence of controversy." (37) 

4.4.1.2 Problems di Deficiencies 

The problems and deficiencies that are associated with risk analysis are noted 
repetitively in the literature. The technical regulatory process, for example, is 

assumed to be scientific but is, in fact, impeded by "...many uncertainties, knowledge 

gaps, default assumptions, guesses, and communication difficulties ..." (Breyer:48) 

Insufficient data undermines attempts at proper analysis in many industries. The 

accident rates in aviation are so low in general that they cannot be easily used to 

determine the effectiveness of program changes (Wood,1991: 165). Under these 
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conditions, randomness accounts for more of any annual change in rate than a set of 

safety interventions would (1 65 ). These concerns are echoed by other commentators: 

Research into safety is objectively difficult: accident occurrence is characterized 

by randomness, the reporting of accidents is not complete, the conduct of 

randomized experiments is seldom practised, conditions in flue nc ing safety change 

in time without their effect being well understood, and money for research is in 

short supply (Hauer,1992:30) 

... risk assessment cannot be very scientific because too little is known...Without 

such knowledge ... risk assessment must rely on conventions promulgated by 

bureaucrats or on the professional judgements of scientific experts. Such 

conventions and judgements reflect not only scientific knowledge but also policy 

judgements and cultural values." (Pollak,1996:26) 

When actual accident and incident information is collected to test the accuracy 

of risk analysis processes, the conclusions can be discouraging. Researchers 

working for the Technical Research Centre of Finland studied four risk analysis 

methods that had been used within process industries involving hazardous materials. 

Ofthe various methods considered, the best one had only managed to identify 36% of 
the factors that had contributed to actual accidents and incidentsmn (Suokas, 1989107) 

Other researchers studying risk analysis predictability outcomes in the nuclear 

industry have discovered even larger variations and inaccuracies ( 108). According 

to the Finnish researchers, risk analyses share at least two common deficiencies: 

1. incompleteness in the identification of accident contributors & the modelling of 

accidents, and 2. inaccuracy of the quantification of risk in terms of frequency & 

consequences" ( 106) 

These deficiencies need to be taken into consideration when risk analyses 

processes are designed and their results applied. The Finnish researchers suggest 

that "it is particularly important to avoid unnecessary use of very complicated and 

time-consuming methods when the basic data to be used are of low accuracy (109). 
When reviewing aviation regulatory processes, the U.S. Congressional Office of 

Technology Assessment '...concluded that attempting to measure safety by 

considering only accident data was not effective." (Wood:166). The Office suggested 

that incident data needed to be used for short term safety analysis, yet their same 

study pointed out that '...incident data was difficult to collect reliably because of the 
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imprecise definition of an aircraft incident." (166) Another critic of existing 

American regulatory methodologies has claimed that: 

... uncertainties, the consequent assumptions, and review rigidities, lead to a 

public and a Congress unlikely to disentangle the complex combination of science, 

fact, value, and administration underlying the agency's risk conclusions ... 
(Breyer:19) 

Despite these deficiencies, formal risk analysis is not without merit. Even 

though "...risk analysis has its uncertainties ... at least it makes them e.xplicit. " 

(Bell:51) The value of risk analysis is in its ability to detect faults in the interactions 

of systems and people (51). High levels of uncertainty and a finding of apparent 

statistical insignificance do not mean that cause and effect relationships suggested 

by a risk analysis study are invalid (Hauer1991:28). Used carefully, such analysis can 
be one of several tools that are available to managers to help them make informed 

decisions, provided they are fully aware of the uncertainties involved (Wo0d:j 1 ). 

4.4.1.3 Indeterminism 

When designing a risk analysis study or interpreting its results, managers 
need to be aware of the effects of indeterminism in addition to those of uncertainty 

and variability (Jamieson:38). At least three types of indeterminism can be 

identified: 1) agency; 2) underdeterminism; and 3) categorical relativity (38). Any 
one of these types of indeterminism can, if unaccounted for, seriously affect the 
validity of an analytic study. 

Some of the most serious decision-making problems we face today involve the 

effects of agency (38). Risk analysis processes generally assume that human 

behaviour will remain consistent with that which has been observed in the past. 

These studies examine human interactions within a system in an attempt to discover 

how these interactions help reduce safety, cause accidents, or in other ways damage 

the system. The difficulty of agency arises when future human behaviour is not 

consistent with these observations and conclusions (38). In fact, behaviour often 

does change, and frequently does so in unpredictable ways (38). This 

unpredictability is made "...worse by the fact that predictions about human 
behaviour can themselves change the behaviour that is being predicted (38). 

Changes in future behaviour can, of course, dramatically alter the expected effects of 

human action on a system's performance. 
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Indeterminism can also result from "...the underdetermination of theory by 

data." (39) This occurs when the available data and observations for a particular 

situation do not clearly determine which of two or more competing theories best 

e-xplain the processes and relationships that are at work within the system (39). 

When the data does not allow for the definitive selection of one theory over others, 

analysts and managers will be inclined to choose the one that best fits with their 

belief systems, prior expectations, or other justifying factors (39). The uncertainty 

caused by this type of indeterminism can be taken into account if the choice of 

theory is made explicitly. On the other hand, uncertainty can increase significanrly 

and yet remain hidden if the underdetermination of a chosen theory is not explicitly 

acknowledged (37). 

Finally, categorical relativity concerns the comparative validity of the chosen 

baselines, indicators, and statistical categories within a study (39). Risk analysis may 

be conducted without any serious consideration of the appropriateness of the data 

that is selected. Assumptions may be made about the cause and effect relationship 

between the data and observed or predicted events (39). Preferred system theories 

may influence the choice of data or study inputs, which will in turn tend to reinforce 

prior assumptions, even when they are incorrect. As before, the uncertainty created 

by these choices is increased when they are not clearly understood and 

acknowledged. 

4.4.2 Statistical Methods 

Risk managers and regulators, at least within the aviation industry, often lack 

formal training in statistical analysis. While it is beyond the scope of this project to 

attempt to understand or describe risk analysis statistical methodology, it may be 

helpful to briefly consider a few concepts: 

4.4.2.1 Uncertainty 

Risk analysis by its very nature deals with uncertainty (Wilson:33). 

Uncertainty describes what we do not know about the likelihood that a particular 

activity will result in an accident. Uncertainty changes over time as information 

changes (34). As our knowledge increases, uncertainty decreases and we become 

more certain in our ability to predict a safety outcome (34). Without more 
information, a l l  we can say about an unknown risk is that it lies between zero and 
unity (34). Experts may wish to start at either extreme when giving their opinion of 
predicted risk (34). 
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4.4.2.2 Stochastic Risk 

Stochastic risk depends on whether risk-causing actions are actually initiated 

(31). In a risk-prone system, the real risk that individual actors are e-xposed to is 

partially a function of their actions, timing, and context. For ewmple, the risk of 

being hit by a car when crossing a street blindfolded is dependent on when the 

crossing is made and whether any cars are present at the time (34). 

4.4.2.3 Systematic Risk 

Systematic risk varies with the nature of the system (34). For example, the 

inherent general risk of the system for all users will be partially determined by the 

effectiveness of the engineered safety devices and buffers that are part of the system 

(34). 

4.4.2.4 Uncertainty A n a l y s i s  

bfistakes and the unknown must be taken into consideration when making 

measurements and studying contributing causes (36). Gauss's method of "least 

squares" can be used to determine the total uncertainty or error within a system 

provided that each measurement is statistically independent of each other (36). I n  

this method, "...the square of the combined error is the sum of the squares of the 

component errors. " (36) 

4.4.2.5 Combining Uncertainties 

Uncertainties can be combined using Gauss's procedure if the total variation is 

equal to the variances of the individual distributions (i.e. lognormal distributions) 

(37). 

4.4.2.6 ladependence, Correlation 6 Common Mode Relationships 

Independence, Correlation & Common Mode Relationships determine the 

manner in which uncertainties combine within a system. If the system lacks 

independence and there is a high degree of correlation between components, then 

factor fractions cannot be multiplied (39). Under these circumstances, risk must be 

evaluated using a Monte Carlo program (Vose,1997:45). The combined uncertainties 

will be higher under these conditions than for a system made up of independent 

components. 
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4.4.2.7 Disaggregation 

Accuracy is increased by breaking the statistical model down to its smallest 

manageable components (especially if Monte Carlo modelling is required) (47). The 

effort and complexity of disaggregation needs to be balanced against the required 

sensitivity (47). Past a certain point, the model may become insensitive to further 

refinement (47). 

4.4.2.8 Probability Distri b utiorrs 

Variations in the data or expert opinion will have different distribution shapes 

depending on the system that is being studied. Some typical types of distribution are: 

1. Parametric - distribution determined by mathematical functions and 

distribution parameters. These distributions may be lognormal, normal, 

beta, Weibull, Pareto, and so on (48). 

a) Triangular - most commonly used for modelling expert opinion. The 

vertices are determined by minimum, most likely, and maximum 
values (49). The mean is simply the average of those values. 

b) BetaPERT - uses the same three values as the triangular but uses a 

beta dim-ibution. It is less sensitive to the minimum and maximum 

values and less likely to overestimate the mean (5 1). 

2. Nonparametric - distribution is based directly on data and empirical 

information(48). These distributions include: 

a) General - is the most flexible of all in modelling expert opinion. It 

allows the expert to give an array of possible values and to assign 

probability weights to each (52). 

b) Discrete - may be used to model variables with two or more possible 

values, and to combine dissimilar expert opinion (53). 

4.4.3 Qualification of Risk 

4.4.3.1 General 

The limitations that have been noted above make quantitative risk analysis 

particularly difficult. Ideally all elements should be quantifiable, but in the absence 

of appropriate data only subjective assessments are possible (Wood:173). Even when 

qualitative methods are used, the lack of availability of appropriate data is still a 

'...major stumbling block. " (Gould:8) Even when high degrees of uncertainty 
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remain, however, qualitative risk analyses can be useful for comparing relative 

risks between similar systems or environments (Graham:? 1): "Even when absolute 

estimates of risk are highly uncertain, confident risk comparisons may still be made 

if the hazards share common uncertainties." (21) Under these circumstances, a risk 
assessor should attempt to provide good interpretations and guidance regarding 

alternatives (22). 

4.4.3.2 Risk Measurement 

Risks, since they are future events, cannot be measured in the sense chat 

historical data can (Gould:7). Risks can only be projected or assessed: 

... risk projection is at heart a theoretical, not an operational, enterprise. The 

accuracy of risk projections ... depends on more than the accuracy of past 

measurements; it depends equally on the validity of all underlying assumptions 

that classify future events in the same categories as past events (7).  

Risks can be expressed as a series of possible outcomes with varying degrees of 

damage at varying degrees of probability (Graham:22). Which outcome will be used 

as the design determinant will depend on the relative judgments of engineers and 

risk managers (22). Action may be indicated if two or more of the risk factors are 

high (Wood: 173). For example, elaborate safety devices are often designed into 

nuclear or chemical systems that are capable of catastrophic failure. For these 

systems, the probability of a single occurrence may be low, but severity and exposure 

are high (173). The need for action diminishes if only one of the three factors is 

high (i.e. probability, or exposure, or severity) 

The most significant challenge for risk managers is the development of an 

effective measurement program (Kelly, 1997: 13). Occurrence, or accident trends, are 

not enough: 

Information From occurrence investigations sometimes tells what occurred, seldom 

tells why it occurred, and rarely points to the actions which managers and staff 

can take to enhance safety performance. (13) 

Little guidance is available, at least within the aviation industry, to help managers 
with this task (13). 

4.4.3.3 Accident Rates 

Accident data, when available, is often used as a key analysis input. Outputs 
will also be usually expressed in projected accident or fatality rates. Accident rate 
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information allows us to determine how much of the study population's time is spent 

exposed to a particular risk (W&l61).. Rate calculations assume that the risk 

exposure increases in direct proportion to the time spent in the risk-creating 

activity ( 163 ). For aircraft, risk is actually unevenly distributed ( 163). 

Approximately 65 - 85% of the risk of flying occurs during the take-off, approach 

and landing phases (163). As a result, operators with long flights will always have 

the lowest accident rates compared to those with numerous take-offs and landings 

(163). Accident rate statistics are only useful for assessing relative safety when 

similar types of operation are compared (1 64). 

4.4.3.4 Incidents 

Since accident data is often inadequate for risk analysis purposes, other safety 

indicators must be found. Unfortunately, the correlation between incidents and 

accidents has not been extensively studied or proved (Wood:94). Within the aviation 

industry, the term "incident" itself is poorly defined and varies significantly from 

organization to organization (94). For most types of incidents the correlation 

between incidents and accidents is probably weak (94). Measures that will reduce a 

certain type of incident will not necessarily reduce accidents (94). Despite these 

difficulties, risk managers should develop a hazard or incident reporting system that 

will help them identify risks ( W o o ~ k 9 7 ) ~ ~  

4.4.3.5 Hazard Analysis  

Qualitative hazard analysis is typically used within the aviation industry to 

assess risk. Transport Canada, at the policy level, has adopted the Canadian Standards 

Association a50 decision-making process (Transport, 1997:6). This is a six-s tep 

process that is apparently well suited to aviation needs, particularly in its ability to 

draw from a variety of input sources (6). Participants should be aware of the 

difficulties that are associated with hazard identification and accident modelling 

(Suokas, 107). Human activities are always difficult to represent accurately, as are 

wider organizational and training factors (107). The following process relies heavily 

on subjective analysis and is most likely to be useful to provide outcomes that are 

only relatively valid for a particular system and team of assessors: 

1. Initiation - the problem or opportunity is defined. The people who can 

help are identified and the process for resolution is set (8); 

2. Preliminary A m  - the risk associated with the problem is definedm. 

Risk scenarios are developed which '...describe the severity and 
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consequence of different situations." (8) Sources of information that 

can be accessed in Canada include: 

a) personal experience; 

b) Transport Canada policy and standards; 

C )  shared expertise (formal and i n f ~ r m a l ) ~ ' ;  
d) risk indicators (Manual of Regulatory Audits); 
e)  performance indicator data; 

f )  Flight Planning and Education database; 
g )  g ) Civil Aviation Risk Management Database (pilot project) (8) 

3. Risk Estimation - the probabilities and consequences of risk scenarios 

are discussed while recognizing that uncertainties will always exist (9); 

1. Risk Evaluation - estimation of the riskswii and costsm1ii of the activity 

under study (9). Stakeholders should be involved in the mitigation 
process (9); 

5. Risk Control - risk mitigation and contingency plans are proposed (10). 

Financing feasibility is considered (10). Stakeholders are informed of 
proposals and given an opponunity to comment (10); 

6. Action & Monitoring - the decision is implemented and communicated 

(10). Monitoring must be conducted to ensure that new risks are 

identified and to assess the impact of the decision (1 0). 

Using this process, a safety committee or risk manager should be able to prepare a 

report that will include, as part of the solution, an estimation of the cost of the safety 

measures, the degree to which it will reduce risk, its benefits, and its disadvantages 

(System; 1996: 5- 15). 

4.4.3.6 Safety Audi ts  

Similar safety analysis strategies have been developed for assessing road and 

traffic risks in a number of countries in an effort to reduce road trauma and costs 

(mF, 1995:15). Safety audits have been used in an effort to identify those road and 

traffic engineering measures that might be successfully used to reduce crash 

frequencies at sites with high accident rates, or that should be incorporated into new 

design standards to prevent accidents for new projects (15)-. United Kingdom 

studies indicate that up to one-third of road accidents can be potentially avoided 

thr~ugh the extensive use of safety audit programs (21). When conducting a road 



Aviation Risk Recrulation 

safety audit, a "...qualified examineP looks at the project's accident potential and 

safety performance ..." with the aim of: 

1. minimizing the risk and severity of road crashes; 

2. minimizing the need for remedial work after construction; 

3. reducing the whole-life costs of the project; and 

4. improving the awareness of safe design practices by everyone involved 

in the planning, design, construction, and maintenance of roads (15)"". 

4.4.3.7 Revealed and Expressed Preference 

Measuring and assessing risk is only part of the challenge. Determining what 

is acceptable risk to system users or society in general can be just as difficult. I n  

1969, Stam suggested that trial and error may lead "...societies to optimal levels of 

regulation for technologies with which they have long experience." (G0uld:8)-~ 

Starr's approach has been called the "revealed-preference" method of assessing 

public values (9). In theory, it can be used in both a descriptive m d  a normative 

manner to determine which new technologies will be acceptable (9). Rather than 

balancing costs against benefits, '...the revealed-preference approach uses 

historical data to calculate the number of deaths that are 'acceptable' given the 

dollar benefits of the technology." (9) This avoids the need to explicitly determine 

the cost of a human life, which always creates difficulties when conducting a 

traditional cost-benefit risk analysis (9). 

The revealed-preference method has also been widely criticised because it 

"...assumes that historical values are good guides to future policy, which ignores the 

fact that public values may change with time, sometimes rather rapidly (9). It also 
assumes that past regulatory practice captures the values and preferences of society, 

which is not always the case (9). An alternative approach is the 'expressed- 
preference" method, where respondents are asked to "...state the risks and benefits of 

various technologies and activities and to judge the acceptability of prevailing 

technological regulations ..." (9) In theory, this method allows researchers to assess 

current social values concerning risks and benefits when easily quantifiable data is 

unavailable (10). Uncertainties for revealed preference research can be high due to 

the tendency of many people to express strong opinions even when they know 

relatively little about a technology or its associated risks (10). Particular care must 

be given to designing questions and scenarios or creating analogies that adequately 



describe the future or rarely observed event for which an opinion is sought 

(Graham: 1 9). 

4.4.4 Quantification of Risk 

4.4.4.1 General 

The risk analysis methods discussed so far can be used by risk managers to 
compare relative risks and costs, and to make decisions that rely to a large degree on 
e.xpert opinion and subjective assessment. These methods are useful even when 

input data and output results are difficult to quantify. Ideally, however, risk analysis 
predictions should be quantifiable so that accurate cost-benefit comparisons can be 
made. Quantification of results is also required if research information is to be 

shared reliably between different users, operators, or regulators. In the U.S., couns 
have increasingly demanded that risks and benefits be quantified in order to justify 
the imposition of more stringent regulation (Pollak,1996:3 1). 

4.4.4.2 Probabilistic risk Analys i s  

Probabilistic Risk Analysis ( PRA) "...was developed to facilitate the 

quantification of risks associated with complex engineered systems. * (Bier, 1997:67). 

PRAs are commonly used to model disturbances to the steady-state operation of these 

systems and are especially useful for analyzing the frequency of rare events (e.g. 

nuclear power plant or Space Shuttle failures) (68). PRAs can be essential for 
understanding risk relationships among subsystems (68). This understanding is 
often critical to system safety since "...the dominant source of risk usually arise from 

interactions between subsystems ..." (69). 

PRAs are normally categorized into three levels: 1) likelihood of an accident: 
2) amount of material or energy that is released; and 3) how the release of material or 
energy is distributed and its impacts on the environment and health (71). "Event 

treesnmu or "fault treesmmv are used in hierarchical models to quantify failure 
probabilities. Numerous data inputs are required to support a PRA analysis..- The 
information used may be specific, generic (i.e. failure rates for similar components), 
expert opinion, or case histories (78). Exposure data including operating time, cycles, 

or demand events are also required (79). 

In order for PRA results to be used for risk management purposes, the 

significant risk contributors must be ranked and linked to damage indices (i.e. health 

effects) (80). The analysis should answer several key questions: 
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1. which initiating events contributed to those failure? 

2. what were the failure modes? 

3. what were the failure causes, frequencies &effects? (80) 

When failures subsequently occur, the failure causes should be traceable back to the 

original input data using the PRA model (81). Once the dominant contributors have 

been identified, corrective options can be developed and cost impacts for each 

assessed (81). The PRA model must be revised and risks re-computed for each change 

that is implemented (81). 

4.4.4.3 Traffic Conflict Technique 

A lack of suitable accident data has caused safety engineers to search for 

alternative safety indicators that can be used to compile more reliable and readily 

accessible quantitative data. 

Conventionally, safety is measured in terms of accidents and accident 

rates ... Unfortunately, accidents are so rare, statistically, that one must often wait 

for years, and for many accidents to happen, before enough data are available to 

enable rational decisions (Clauz,1985:1). 

One method of surrogate safety measurement that has gained wide, but not universal, 

acceptance among road and traffic engineers is the Traffic Conflict Technique (TCT). 

Some researchers have suggested that traffic conflicts, like aviation incident repons, 

may be used instead of accidents to identify high risk sites or activities. A traffic 

conflict has been defined as: 

an event involving two or more road users in which the action of one user causes 

the other user to make an evasive manoeuvre to avoid a collision. The evasive 

manoeuvres are identified by brake lights or lane changes (Salman,1995:177). 

Early researchers believed that the Traffic Conflicts Technique: 

... was ideal for objectively measuring accident potential at intersections, for 

rapidly testing the effectiveness of traffic engineering countermeasures and for 

gaining insight into the basic causes of traffic accidents." (Williams, 198 1: 13 3)- 

The U.S. Department of Transportation's Federal Highway Administration supported 

TCTin the late 1980s by reporting that: 

... a traffic conflict survey relies on first-hand information collected by trained 

observers at traffic sites ... t he traffic engineer can determine whether a hazardous 

traffic situation exists and whether corrective action should be recommended The 
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traffic conflict survey has the advantage of using quantified, observable, timely 

data in place of accident reports as a basis for drawing conclusions about an 

intersection's safety. It can be started and completed in a short period of time, and 

it can be used to predict average accident rates that arc as accurate as estimates 

based on historical accident reports (ITE,1988:47) 

Unfortunately, the benefits to be gained from using TCT may be more difficult to 

realize than was first anticipated (133). Different studies have come to different 
conclusions regarding its usefulness. 

An American study that was conducted in the mid-1980s recorded observation 
information on almost 90,000 traffic conflicts at selected intersections in various 

cities (Glauz:2). Of these, 64,210 conflicts were used to study the correlation between 

conflicts and accidents (2). Twelve types of conflict were considered (2).-" The 

study also collected data on 1,292accidents that occurred at these intersections during 
the three years preceding the conflict observations (10). Ofthese accidents, only 319 

were considered to be conflict related (10). This study revealed that some conflicts 

are far more likely to result in accidents than others (8). The differences between 
the various conflict-accident ratios are as large as two to three orders of magnitude 

(8). Statistical analysis also reveals large standard deviations for the recorded 

accident - conflict ratios (8). In spite of these individual variations, the number of 
annual accidents predicted by totalling the conflict ratios was very close to that 
predicted by the accident data (9). The researchers concluded "...that conflicts are 

nearly as good as accidents in predicting expected accidents ..." (10). They came to 

this conclusion while at the same time acknowledging that: 

1. The subdivision of 319 accidents among h e  12 conflict types "...yielded 

very sparse data ..." with which to establish correlations (10); 

2. Some of the conflicts were so rare they could not be successfully 

analyzed ( 10); 

3. Only a limited number of the conflicts can be used to predict accident 

rates with any confidence (1 I); 

4. Accident-conflict ratios vary from as low as 1 or 2 accidents/rnillion 

conflicts-"0 as high as 700 accidents/million conflictsmPX (1 1). 

Another m s t u d y  that was conducted in Amman, Jordand, in the early 1990s 

recorded mean conflict counts that were approximately five times higher than the 

values reported in earlier North American studies (Salman: 1995: 177). This study 
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reinforced earlier results, however, by observing that some types of conflicts are 

better indicators than others, and that the total number of accidents and the total 

number of observed conflicts tend to be proportionally related (1  81 & 185). 

Traffic engineers who have reviewed the available TCT research have 

concluded that this technique can be usefbl if applied cautiously. Conflicts that are 

used as surrogate safety measures must be chosen carefully since conflict-accident 

cox-relations can vary significantly (Williams: 137)"'. The TCTmethod is best suited for 

the study and reduction of inappropriate driving behaviour or operational 

deficiencies (113). I t  may be less useful for predicting future accident rates or in  

selecting engineering countermeasures to reduce accident frequency (143). Before 

T n i s  relied on to make costly risk management decisions, new conflict measurement 

techniques should be thoroughly tested for consistency and accuracy (143). 

If TCTis used to evaluate engineering countermeasures, the differences in the 

before and after rates need to be greater than 25% in order to establish confidence 

levels in the 5% range (Hauerz1977: 15). While smaller differences can be measured if 

more modest confidence levels are accepted, small differences in safety cannot be 

measured using this technique ( 15). Despite TCT uncertainties, historical accident 

data may not provide a better risk indication since they can also vary greatly due to 

the effects of randomness (18). Even if the uncertainties affecting TCTmeasurements 

are understood and accounted for, any countermeasures developed as a result of a KT 
study: 

... would appear to be most suitable for overcoming problems related to the road 

environment rather than the driver or vehicle factors. If so they would affect only 

a comparatively small proportion (about one third) of road accidents caused 

principally by deficiencies in the road environment (Williams: 142) 

4.4.4.4 Valuation 

Numerical assessments of risk using monetary units are important for relative 

decision making by design, operational, or regulatory managers (Keeney, 1996: 128). 

Goods and services must usually be given a monetary value in order for policies to be 

designed, projects to be appraised, and for legal liabilities and insurance purposes 

(Dubourg, 1995: 137). Non-market goods like health and safety have value even 

though we do not normally set a price on them (Sogue1,1995:1). Economic theory 

assumes "...that the individual's preferences are characterized by a substitutability 

between income and the quantities of goods consumed." (1) A related assumption 
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made by economists is that "...it is possible to observe how income is allocated 

amongst these various goods." ( 1) Since a real market may not exist for goods like the 
environment or health and safety, the Contingent L'aluation Method (CVM) has 

become popular as a means of measuring and assigning values (Sogue1:l) 

(Dubourg:137). CVM can provide a solution for assessing the cost of transport 

accidents (S0gue1:Z)~. 

When using the contingent valuation method, researchers create a 

hypothetical private or public market for a good or service and conduct a survey of a 

test population in m e h n  to determine what the "willingness-to-pay" (WTP) might 

be under varying conditions (Soguel:3). The good (in our case the reduction in risk) 

must be clearly defined with before and after states (3). The good must be made 

specific and tangible so that the respondent values the good itself and not a symbolic 

entity like "safety." (3) The hypothetical market must be structured in such a way 

that the respondent will be discouraged from engaging in "strategic" behaviour (3). 

Numerous C W  studies in various parts of the world have attempted to attach a 
value to transportation safety. A Swiss Department of Transportation study begun in  

1993 was "...designed to identify and value all of the socio-economic consequences of 

traffic accidents." (Scnvab, 1995: 19). The respondents in this study were willing to 
pay relatively high amountsdiii for a 50% risk reductionav in traffic accidents, and 

even more if the hypothetical victim was a close relative (34). A 1992 Danish CWI 

study concluded that the implicit valuation of avoiding one statistical death within 

that country was approximately f 1.8 m based on the respondents' subjective risk 

perception (Kidholm, 199559). A 1990 Swedish study found that the marginal utility 

of risk decreases with additional decreases in risk (Persson,1995:76). Respondents 
were better able to understand and value a 50% reduction than a 25% reduction 

(73).v In a somewhat different application, the London Underground used a Clhi 

study to establish public values for underground safety (Jones-Lee, 1995: 1 57). This 

study sought to determine whether the public would place a premium on risk 

reduction for large-scale accidents (158). The results indicated that there was no 

evidence of a scale premium compared to road accidents, but that the respondents 

placed a 5096 value premium for the context (i.e. greater "dreadn was associated with 
the fact that these accidents occurred in the "bowels of the earthn)% 

Other studies have been more critical of the CVM as a means for establishing 

consistent and reliable values for transportation risk reduction. A review of a 1993 
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study that was commissioned by the Commissariat General du Plan in France noted 

that underlying CVM is the assumption: 

... that people have a consistent set of preferences, including those for public 

goods ... and that these preferences can be revealed on a hypothetical 

market ....m his hypothesis needs to be examined carefully, especially when one is 

dealing with goods unfamiliar to the individual ....[I) Iifferent individuals can have 

very different mental models on which they base their valuation .... Therefore the 

result can be extremely sensitive to the context and to specific information given 

during the inquiry. (Desaigues,1995:90-91) 

This study concluded that biasesAvii can significantly effect results and that W P  

valuations are not stable if people are given a chance t~ revise their estimates (108). 

When commentating on a British comparative valuation study that included 

CVM, another researcher was even more critical: 

... even after concerted attempts to present risk and safety in a meaningful, 

realistic and easily understood way, with few distractions and within an 

uncontroversial scenario, the conctusions of this study seem to be that not only are 

individuals' best estimates of their contingent WTP or WTA unreliable, but so are 

any claims they might make about their tradeoffs between money and ris k...[Tjhe 

confidence intervals obrained in our study did not appear even broadly robust to 

seeming1 y minor changes in survey design (Dubourg: 153). 

Depending on the method employed, this study found that the stated value of a 
statistical death could vary from L800,000 to f2m (152). The consequence of this 

imprecision could be dramatic for any social decisions that depended on them: 

... a project which involved a change in the prevailing level of safety could prove to 

be hopelessly uneconomic or could imply a very high social rate of return, 

depending on whether we employed d u e s  for safety taken from the upper or lower 

reaches of the relevant valuation interval... (152) 

This researcher concluded that the theoretical model of individual preference 
systems that is constructed for CVM purposes: 

... is essentially a stylised abstraction, rarely directly applicable except in 

relation to commodities with which individuals have become particularly familiar 

through repeated purchase and consumption (1 5 1). 
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4.4.5 Accountability 

4.4.5.1 General 

We have already noted that many of the methods and techniques that may be 

used to conduct risk analyses are handicapped by uncertainties and other problems. 

None of the methods can be used to directly and simply measure risks and identify 

solutions. A review of the literature suggests that risk analysis practitioners must be 

prepared to be accountable for the methods they use and the recommendations they 

make. 

4.4.5.2 Engineering Reductionism 

Engineering decisions affect safety because accidents "...are the end result of a 

complex web of events ..." that extend a long way into the past and "...encompass 

engineering decisions that may have occurred years and decades before the 

accident. " (Hauer, 199 1 :41) Actions and decisions by traffic engineers, for example, 

affect: 

a) The number of opportunities for accidents to occur: b) The probability of an 

accident per opportunity; c )  The amount of energy that has to be dissipated in a 

crash; and d) The damage to humans and property caused in the process (42). 

By its very nature, engineering is inclined toward quantification and reductionism. 

Unfortunately, this tendency in the area of safety analysis may lead to expectations 

which are unrealistic (44). I t  can and does divert attention and resources toward 

unimportant or false areas of inquiry (41). Engineers attempt to create a machine- 

like model of the risk situation and describe it in quantifiable terms so that it can be 

"...adequately described and translated into codes, warrants, and design procedures. " 

(15). This process, however, can lead to an over-simplification of the "relevant 

properties" (e.g. length of driver sight lines) of the chance situation and the 

underlying probability theorydvu1 (44). The practice of relying on 'mental 
constructs" to describe a real phenomenon without actually observing it is 

dangerous when used in safety engineering (45). 

This tendency toward uncritical reductionism within the field of traffic 

engineering, is at least partially the result of political and public perception 

pressures (Hauer,1990:63). Most traffic engineers work for pubic agencies where 

they are expected to be responsive to public demands (63). The "...need to do and the 

need to be seen as doing and succeeding ..." can lead the traffic engineer to neglect 

time-consuming research work (63). Because the effect of engineering decisions on 
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road safety is largely invisible to the public, there is little incentive to pursue this 

knowledge (63). If one wishes to take an even more cynical viewpoint, the 

"...absence of sound and explicit knowledge about safety serves a purpose ..." by 

making it easier "...to defend professional actions." (60). Inadequate training 

further undermines the accountability of the profession (63). Very little time is 

spent in engineering courses studying human factors, law, psychology, probability, 

statistics or economics, all of which are essential for conducting effective risk 

analysis (63). 

4.4.5.3 Stao dards 

Design standards leave the impression that sound quantitative cause and effect 

analysis underlies the quantitative standards (Hauer, 1990:54): 

... contrary to appearances, the level of safety built into roads is largely 

unpremeditated. Standards and practices have evolved without a foundation of 

knowledge. At times the consequences of engineering decisions are not known, at 

others some knowledge exists but is not used. .." (Huaer,1990:46) 

Geometric design pro~edures*~ are detailed in various engineering association and 

government manuals (17). An American Congressional Committee on Planning and 
Design Policies that was asked to study the relationship between safety and key 

highway geometric design standards reported in 1987 that: 

... despite the widely acknowledged importance of safety in highway design. the 

scientific and engineering research necessary to answer these questions (i.e., 

about the relationship between roadway geometry and safety) is quite limited, 

sometimes contradictory and often insufficient to establish firm and scientifically 

defensible relationships (48). 

Recent research on geometric standards have provided contradictory answers 

regarding predicted safety effects (48). One study reviewed thirty reports that were 

completed between the 1940s and the mid-1980s on the effects of relevant safety 

properties like lane width, sight lines, road curvatures, etc. (Zegeer, 1987:l). The 
authors report that 'the conclusions of these [reports] were often not only 

inconsistent, but in many cases totally contradictory." (1) They variously reported 
that key features either increased accident frequency, reduced it, or made no 

difference (1). Another study which reviewed past research on the relationship 

between safety and bridge width concluded that none had been able to establish 

anything better than weak, non-specific correlations (Mak, 1987:35). Even prior 
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research that was able to establish a relationship between increasing degrees of road 

curvature and accidents shared common serious deficiencies (Glennon, 1975 1 ).' 

Ezra Hauer of the University of Toronto argues that the existence of design 

standards allows engineers to "...engage in the design of highways without having to 

make explicit what the safety consequences of their decisions are." (Hauer,1990:56) 

Predicted safety effects are not included in any of the major design and standards 

documents (55). The values and key properties described in the standards may not, i n  

fact, reflect actual safety relationships. Hauer has accused the profession of 

rejecting or suppressing, by implied consent, evidence that contradicts existing 

standards and warrants. (57) .Uther  parameters may be arbitrarily chosen in order 

to establish numerical standards even when there is little or no supporting evidence 

(50)". As an example, standards committees around the world have made widely 

differing decisions regarding obstacle heights and allowable sight lines with the 

result that: 

highway designers in these countries go through the exacting ritual of designing 

parabolic vertical curves that comply with the local standard, however arbitrary, 

and do so in the deep-rooted and honestly held belief that by so doing an 

appropriate level of road safety is provided (50). 

The untested belief that longer sight lines are safer is the result of the design 

process and its constraints, rather actual observation and measurement (5 1 ). This 

belief does not take other variables into account: for example, shorter sight lines may 

cause drivers to slow down and be more alert and vigilant (5  1). While one may 
reasonably assume that a longer sight line leads to greater comfort and wider speed 

choice, it does not mean that the net effect of all of the factors is increased safety 

(51). Hauer suggests that one of the reasons key properties like sight lines have not 

been tested for their safety effects is because they seem so obviously true and self- 

evident (5 1). Good science and engineering practices, however, should not rely on 

these types of assumptions: 

... the traffic engineer is often reduced to following codified recipes. Once again, 

these recipes are distillations of committee consensus which, on matters of safety, 

are based mainly on personal experience, opinion, introspection, cumen t practice, 

and inertia. There is too much concern about form, conformity, and uniformity; too 

little concern about empirical fact (59). 
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4.4.5.4 Measurement 

Methods that are used for measuring risk must be justified and supported by 

good science. One of the surrogate measures that we have considered is the traffic 

conflict technique. A study of earlier TCTresearch came to similar conclusions as 

those that were made concerning the relevance of geometric standards: "A review of 

reports shows that the results are inconsistent, techniques for analyzing the 

relevant data either are lacking altogether or differ markedly from study to study."iu1 

Even though TCJThad been widely accepted within traffic engineering circles, these 

results indicate that it was still "... in the experimental stage of development" and 

used "...on the basis of its face validity despite the fact that many results indicate that 

conflicts are not related to accidents." (Williams: 134). Any favourable results 

indicating correlations between conflicts and accidents are overshadowed by the 

researcher's neglect of other variables that might affect results (131). The linkages 

between conflicts and serious accidents included many unsubstantiated assumptions 

(131). In fact, even the linkage between historical accident data and future accidents 

remain highly uncertain: 

Cooper 11977 concluded that subjectively determined conflicts were not related to 

objectively measured conflicts and that neither were related to accidents at the 

sites .... Traffic events of a given severity make poor predictors of the same events. 

Accidents, for example, make poor predictors of future accidents and traffic 

conflicts make poor predictors of future conflicts." (139) 

Similar uncertainties undermine "before and after" and cross-sectional 

accident data analysis. These two methods can produce very different conclusions 

regarding countermeasure effects, even when used at the same intersections during 

the same time period (Hauer, 1991:26). U.S. National Co-operative Highway Research 

Program (NCHRP) Report 320 analysed the stop vs. yield control issue by using both 

cross-section and before & after safety measurements (25). The before & after 

countermeasure effects were found to vary significantly depending on whether 

control group data was applied or not (25).bv Unfortunately, hundreds of accidents i n  

the before and after periods are required to create a 'significant" control group that 

will offset the effects of randomness (25). The control group sites considered by 

Report 320 had from 0 to 30 recorded accidents during the study period, which made 

them useless for statistical purposes (26). 
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4.4.5.5 Signif icance 

When considering the uncertainties that are associated with any risk 
measurement technique, the failure to implement an improvement which may 

increase safey must be balanced against the cost of implementing an improvement 
which is ineffective (Hauer, 1990: 18): 

For most safety countermeasures, statistically conclusive evidence of effectiveness 

is practically not obtainable ... Rather, standards of accuracy need to be adopted 

which reflect both the benefit lost by not implementing measures which are likely 

beneficial but can not be shown as such; and the cost of implementing measures 

which are not effective (hauer, 1977:3). 

Tests of significance, if applied without considering the u...circumstances of the 

survey and on the use to which its results will be put ..." can obscure the real 

implications of a study (Hauer1977:3) (Hauer, 199 1:27): 

... the presence of significance with a large sample does not mean that the 

difference is in any sense important, and the absence of significance with a small 

sample ... does not mean that one can be confident that a large difference does not 

exist (27):' 

Concluding that a study's data does not yield a statistically significant outcome does 
not mean that any observed differences are insignificant from a safety point of view 

(28). What it does mean is that we cannot be certain of the causal relationships that 
are being studied (28). While tests for significance are intended to ensure that small 

data sets are not used to come to erroneous and unsupportable conclusions, they can 
also cause real harm (28): 

... rather than testing significance, each study should report the estimated effect on 

safety and the standard deviation of this estimate. This enables the reader to 

assess what effect is likeiy to be and how accurately it is known (29). 

Researchers should avoid ignoring an apparent relationship between a 
countermeasure and safety simply because insufficient data does not meet minimum 
levels of statistical significance.IVi At the other exireme, high degrees of uncertainty 
and low significance should not be ignored in an effort to justify prior expectations 

or to "...provide support for a preexisting warrant or practice." (Ha~er,l991:30)~~. 
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4.4.5.6 Risk Analys is  

Risk analysis can pose its own "risks" if it is used inappropriately. These risks 

can include: 

1. Overestimation - of risk may lead to excessive mitigation and 

insufficient resources applied elsew here; 
2. Underestimation - may create a false sense of security and panic or 

over-reaction in the event of an accident or incident. This may in turn 

lead to skepticism regarding future risk analysis; 

3. Too effective - If the risk is analyzed and successfully controlled or 

mitigated there is a danger that the success may not be correctly 
attributed to the risk analysis. This could result in future studies not 

being done due to an underappreciation of their effectiveness; 
4. Overlv ana1vtica.l &quantitative - At least some types of risk analysis do 

not rely enough on human analysis and common sense. The study may 

be internally consistent while producing counter-intuitive results. 

5. Resource intensive - The cost of conducting the risk analysis may divert 

resources away from reducing the risk. A time intensive process may 

result in delays in implementing counter or mitigation measures. I t  

may also stigmatize the risk causing activity and become a self- 

fulfilling prediction. 

6. No oualitv control - A rigorous risk assessment process may obscure the 

fact that many of the risks being studied may themselves lack proper 

quality assurance monitoring (Charette, 199 1: 106). 

4.5 Regulation 

4.5.1 Regulating Risk 

As cities became crowded and the incidence of infectious disease increased 

during the last century, the Sanitary Movement and other social reform initiatives 

attempted to control and regulate public health standards (Goulkl). New 

technologies like steam power exposed the public to unprecedented levels of risk and 

potential harm. Regulatory bodies were eventually created to assess and manage 
public risks (4). In many cases the new agencies simply accepted the standards that 
had already been set by professional or trade associations (4). Early regulatory 

activities were almost all conducted behind closed doors by experts whose advice and 

decisions the public implicitly accepted: "...the safety standards they set determined, 
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implicitly, how much society would pay to achieve given levels of benefits, or to 

avoid given levels of risk. " (1) 

In theory, risk assessment by regulatory experts allows decisions to be made 

that reduce cost to society by preventing the harms and damage that result from risk 

producing activities, and fairly distribute the remaining costs (NolI,1996: 167). 

Unfortunately but not surprisingly, good risk regulation has been as difficult to 

achieve as good risk analysis: 

Society's system for managing risks to life and limb is deeply flawed. We overreact 

to some risks and virtually ignore others ....g overnmental efforts at developing risk 

information are not guided by the formal statistical properties of the risk but 

rather by administrative procedures incorporating various types of 'conservatism.' 

Although risk assessment biases may operate in both directions, most approved 

procedures tend to overstate the actual risk ... (Zeckhauser & Viscusi in Ahearne, 

1993:20) 

In most cases, regulators have simply been unable to effectively integrate risk 

analysis into the regulatory process: 

There is a gap between the theoretical world of risk management studies and the 

'real world' practice of regulation .... Despite its ever-expanding scope ... the primary 

analytical results of risk analysis have found little direct application in 

regulation, though they have provided useful background information (Otway:36). 

Alternatively, some agencies like the Environmental Protection Agency in the U.S. 

have more recently been accused of placing too much emphasis on risk analysis and 

rigorous scientific proof: 

Regulators have..atternpted to make determinations based on 'good science' without 

considering the implication of this approach for decision-making costs, regulatory 

delays, and opportunities for obstructive or strategic behaviour by affected 

parties. (Latin, 1997:306) 

At this extreme, agencies put the public at risk when they adopt a policy of delaying 
regulation until al l  of the hazards have been identified and analyzed (306). Over 

analysis and over-regulation of marginal risks can also have a negative impact to the 

extent that these efforts "...involve Limited technological choice, high cost, devotion 

of considerable agency resources, large legal fees, and endless argument." 

(Breyer? 1993: 1 1) 
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4.5.2 Development & Implementation 

Agencies choose to regulate for a variety of reasons. The demand for 

regulation can originate with any one of the participants in the regulatory process, 

including the regulatory technicians, politicians, i n d u s ~ ,  or the public. 

Regulatory intervention may be demanded by any one of these groups if: 

1. the harmful outcome of a risky process is perceived to be potentially 

severe. As we noted in our earlier discussion of legal issues, this is 

usually the case when the threat involves injury or death and the 

remedies available through tort action will be inequitable or inefficient 

(Noll, 1996: 165); 

2. the risks are perceived to be involuntarily imposed on others (167); 

3. the nature of the risk cannot be easily observed by those that are 

e-xposed and an unreasonable degree of diligence or cost would be 

required to gain knowledge of the risk (167); 

1. the actions to mitigate the risk are costly and the knowledge required to 

deal with the risk is not readily accessible (167). 

Expressed-preference research has indicated that the public does not feel that their 

desire to be protected from risky and marginally beneficial technologies, or 

involuntary risks, is necessarily adequately reflected in existing regulations 

(Gou1d:SO). Despite a strong general historical preference among the American 

population for less government regulation, studies have shown that this same public 

favours more regulation where safety standards can be improved (44). A demand for 

this type of regulatory response often is made in reaction to a well-publicized 

accident or incident (Timothy:2 1). 

Once an agency has decided to respond to a need for intervention, four steps 

are commonly taken to develop and implement any new or modified regulation: 

1. Settine Standards - limits or targets are set that define safety 

procedures, emissions, etc. (Timothy:2 1 ); 

2. Licensinp: - confirms that a plant, product, or operation meets the 

standards. The threat of licence refusal or withdrawal is a significant 

compliance pressure (21); 
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3. Monitoring - checks and tests are made to ensure that prescribed 

standards and licensing conditions are being met. If self-monitoring is 
used, the risk-creator must be able to demonstrate that the measures 
used are satisfactory (22); 

1. Enforcement - failure to meet the standards may be rectified through 

persuasion or self-correction. If necessary, other actions may be taken 

such as the issuance of warnings, assignment of penalties, or 

withdrawal of licenses. Public pressure may also be used to encourage 

compliance (22). 

4.5.3 Regulatory Style 

Governing and institutional styles emerge in response to the historical 

conflicts of interest in a society (0tway:l). Better risk analysis alone will not by itself 

iead to effective regulation: 

There is an obvious need to continue efforts to strengthen risk-analysis 

capabilities, but an equally pressing need to better understand the regulatory 

processes with which analysis interacts, to 'resolve the dissonance between 

science and the creation of public policy.' (3) 

Different societies have evolved different regulatory cultures for resolving internal 

conflicts. These cultures determine who has access to the regulatory process, how 

disputes are settled, and what kinds of information are most influential. Listed below 

are some examples of different regulatory styles: 

1. Adversarial - The best example of an adversarial culture is the 

American. In the U.S., regulations are developed in open confrontation 

between interested parties since strong federal structures can act to 

block central and over-riding authority (4). Disputes are often settled 

through the legal system (4). This system allows stake-holders 

relatively free access to information and gives them a reasonable 

chance to intervene and lobby the regulators (4). 

2. Consensual - Alternatively, in the United Kingdom considerable faith 

'...is placed in the integrity and judgement of the civil service ..." ( 5 ) .  

Decisions are more often made behind closed doors in a consensual 

process involving a select group of experts and advisors (5). The 
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Scandinavian countries use more inclusive methods to build broad social 
consensus on regulatory issues (0tway:j). 

3. Authoritative - In France consultation with groups outside of the 

regulatory agency and the industry being regulated is more unusual 
(5). French technicians in the central government are typically given 

"... a great deal of autonomy in negotiating regulations with industry." 

(5) .  

4 Corporatist - Some countries are more successful at using different 

regulatory styles to address social decision-making problems. I n 

Germany, for example, "...different interests seek to find mutual 
advantage in collective action." (5). Regional governments, 
management, and labour units may all negotiate togcther to find 

regulatory solutions (5). 

While this list describes some of the differences in regulatory culture that exist 
among European countries, the most dramatic difference lies between the European 

approach in general and that of the American: 

The U.S. process for making risk decisions impressed all observers as costIy, 

confrontational, litigious, formal, and unusually open to participation. European 

decision making ... seemed by comparison almost uniformly co-operative and 

consensual; informal, cost conscious, and for the most part closed to the public 

(PolIak, 1996:32). 

Neither approach is necessarily better than the other. The secrecy demanded by the 

consensual approach is not always in the public interest, even though the process 
itself may be more efficient (Timothy:35). Better access to information and a more 

open process, which often is in the public's interest, also tends to lead to a more 
adversarial approach to decision-making (35). While a consensual system like that of 
the UK's is more accessible than an authoritative one, it '...still has relatively fewer 

points of access for lobbying and political leverage than is common in an adversarial 

style (35). 

4.5.4 Participation 

Public involvement in the risk-regulation process has increased dramatically 

since the 1960s, at least in North America (Gou1d:S): 
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Frustrated by their efforts to get behind the closed doors of traditional risk- 

management ins ti tutions, [intervening groups] fought both for access to the details 

of regulatory decisions and for public hearings or other mechanisms by which 

members of the general public could get their feelings and values on risks across 

to professional risk-managers...(5) 

The extent to which the public and intervenor groups are involved in the regulatory 
process depends on the organizational and social regulatory cultures, and the topic of 

the regulation (Otway:14). Three types of public participation may be used: 

1. Provision of Information - Public participation is often Limited to 

information provision only. This level of participation is generally 

unacceptable to public stakeholders and intervenors if they are not also 
given access to the decision-making process ( 15); 

2. Non-Binding Consultation -This type of participation is typically used to 

resolve technical, short-term questions rather than larger policy issues 
(15). This level of public participation, when it occurs, may be directed 

"more toward co-opting public support than in encouraging changes in 
decisions. " ( 1 5); 

3. Delegation of Decision-Making Power -This type of participation may be 

desirable, but rarely occurs ( IS). 

It may be argued that much of the increase in public participation in the last 

few decades has been Limited to the provision of information. Intervenors must still, 

in many cases, resort to litigation in order to gain access to the regulatory process 
(15). Despite the best efforts of intervening groups, much of the information 
sharing and decision-making still occurs without public knowledge. Rather than 

encouraging public debate, regulators make extensive use of advisory committees 
composed of professional experts (Timothy:36). These experts meet in closed sessions 
and their deliberations regarding levels of safety, risk, technical issues, or remedies 

are not usually released to the public (36): 

Intervenors are seldom involved in such committees, which gives them little 

opportunity to provide their own expert evidence that often contradicts the views 

of 'establishment' experts (36). 

Unfortunately, the expens that are invited to participate in the regulatory 

process are often ill-prepared for the public scrutiny and conflict that accompany 
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regulatory debates (0tway:lS). These experts will tend to focus on what appear to be 

technical issues and disagreements without acknowledging the underlying 

stakeholder conflicts or public concerns which may be "driving * the process (1 5): 

Risk assessment is too important and too uncertain to be left exclusively to the 

risk assessors. Instead, social policy considerations must play as prominent a role 

in the choice of risk estimates as in the ultimate determination of which predicted 

risks should be deemed unacceptable." (Latin,1997:303) 

These experts are also not necessarily more careful than the public when it comes to 

assessing risk and its uncertainties (Wilson, 1997:40)lWu. 

4.5.5 Standards 

Once a government or one of its agencies has decided to regulate, they must 

ensure that the created standards are clear and unambiguous (Cooley,1996:207). Not 

all existing standards are. Prior to the abolition of sovereign immunity, 

Governments were relatively unaccountable for the quality and clarity of their 

standards (207). Now that governments can be sued, state and local governments in 

the United States in particular have "...faced enormous increases in ton suits 

regarding traffic claims' (207). In any civil action, the couns will attempt to 

determine whether "generally accepted standards" were adhered to (207). Any 

deficiencies in the language of government documents can increase the degree of 

potential liability (207). In order to avoid this liability, and to ensure that well 

developed standards are properly applied, regulators need to write standards that are: 

1. Clear; 

2. Objective; 

3. Quantifiable; 

4. Reasonable; 

5. Qualified (207). 

4.5.6 Deficiencies 

4.5.6.1 General 

The difficulties and deficiencies that characterize the risk analysis process are 

not the only disincentives facing risk regulators. Deficiencies within the regulatory 

process itself also militate against widespread acceptance of risk analysis techniques. 

Several probleizs are discussed below. 
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4.5.6.2 Stakeholder Conflict 

Regulatory participants may disagree over risk analysis issues and their 
application to the regulatory process due to conflicts of interest: 

... risk issues are frequently bound up in questions of conflicting interests 

between individuds and groups of stakeholders in society. The various parties 

may differ in who bears the risk and who stands to gain by any particular 

settlement of the issues." (Graham, 1996:22) 

Concerns related to morals, religion, political ideologies, and psychological well- 

being may also affect the risk analysis debate (Gould:53). Risk decisions often reflect 

hidden agendas and may be used by stakeholders to influence public policy 

(Keeney: 129). Unfortunately, the uncertainties of risk analysis can exacerbate these 
conflicts rather than reduce them. Risk analysis models: 

... and the assumptions built into them are ... subject to much dispute and 

error. ..Traditional regulatory rules, practices and institutional structures cannot 

cope with the challenges posed by these uncertainties and conflict in a period of 

unprecedented rapid technological development. Regulators are increasingly being 

required to justify their decisions in public because of increased participation by 

others in the regulatory process. (Timothy1985:31) 

Regulatory bodies are politically responsive institutions that can become 1 ig ht nin g 

rods for contending political forces when the uncertainties of risk analysis are made 

obvious (Breyer:42). Internal conflicts within legislative and regulatory bodies can 
also interfere with attempts to fairly consider the risk issues on their own merits 
(42). In the absence of an integrated risk management strategy, government 

agencies and committees all tend to consider their own issues as being the most 

imponant as they attempt to compete for limited resources and legislative attention 

(42). 

Expert opinion alone cannot be used to resolve these disputes (Rip,1985:108). 

Adversarial systems are "...more suited to the deconstruction of the evidence of an 
expert witness ... than to the construction of robust conclusions. " (108) Risk analysis 
is often unable to help resolve differences because: 

1. facts alone are usually insufficient to satisfy the concerns of all the 

contending puties. However, if the dispute really is over facts and not 
values, then additional information about the risks can help resolve the 
dispute(Graham, 1 996: 23); 
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2. the risk assessment process "...may clarify who the potential winners 

and losers are ... thereby exacerbating the social conflict. " (23) 

3. parties are often in conflict not due to confusion over the science or the 

uncertainties, but due to a difference in values (23). 

4.5.6.3 Pass/Fail Bias 

Even when the uncertainties of the risk analysis process and stakeholder and 

public participation issues can be resolved, regulators may fail to regulate on the 

basis of assessed risk due to a deeply rooted preference for the pass/fail thresholds 

that are characteristic of traditional command and control regulatory mechanisms 

(Garrick,1997:337). Regulators who have become comfortable applying relatively 

well defined and ostensibly consistent standards across an entire industry may be 

reluctant to deal with the ambiguities of a risk-b~sed regulatory process: 

Risk assessment results, including the quantification of uncertainty, are not 

compatible with legal decisions, the basis of the regulatory process - litigation 

and legal transactions thrive and prosper when there is uncertainty. This is a 

fundamentat problem that needs to be solved between the technical & legal 

communities (Gamic k:3 3 7). 

Pass/fail standard setting also allows regulators to retain a high degree of control 

over both the design of a plant or process, and over the operating procedures that 

are used. Risk-based regulation would require the devolution of significant decision- 

making authority to local operators and stakeholders. Regulators will tend to resist 

this transfer for several reasons: 

1. Desire for Certaintv - The institutional structures of most regulatory 

agencies are uculturally resistant" to any process that appears to 

include uncertainty and ambiguity (335)." 

2 High Can -The cost of maintaining plant, system, or operation specific 

risk models is perceived to be too high (336); 

3. Lack of Consistencv - Regulators and operators may fear that a lack of 

consistency between various risk models could lead to inconsistency in  

regulatory development and enforcement (3 36); 
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4. Lack of Integration -Regulators may believe that it will be too difficult 

to incorporate the results of a risk analysis process into systems design 

and operations procedures (336). 

3.5.6.4 Resources 

In addition to the difficulties that are inherent in risk analysis, numerous 

other factors prevent agencies from regulating risks effectively. One of the most 

significant of these is inadequate resources: 

Regulatory agencies in most countries ... tend to be understaffed and often lack 

sufficient resources to fulfil their obligations adequately .... [EJconomic polices in 

many Western countries have limited public expenditure and the size of public- 

sector employment at central and local levels. This has exacerbated the staffing 

problem in regulatory agencies and field offices (Timothy,1985:36). 

At the same time that governments have been reducing agency funding, 

"...regulators have been expected to shoulder more and more responsibility for 

monitoring and enforcing regulations." (37) High levels of apparent regulatory 

activity donot necessarily indicate that risks are being managed well: 

Without adequate resources ... regulators may appear to be tough, although they are 

effectively impotent. Local regulatory activity is likely to be fragile, 

unpredictable and probably unjust. (37) 

4.5.6.5 Inconsistency 

Various American studies have shown that the cost of saving lives through 

various government programs varies tremendously. The cost of the regulatory 

interventions required to save one statistical life can be as low as a few thousand 

dollars to billions (Keeney, 1996: 129): 

Our laws and regulations are inconsistent; they require massive sums of money to 

save one person from potentially losing his or her life in some instances, but they 

do not support a modest expenditure for the same possible benefit in other 

situations (129). 

Some would argue that our regulatory systems are prone to "substantial 

incoherence" at least partially because of the influence of equally incoherent public 

and political pressures: 'Risk regulation is set up to be responsive to well-organized 

advocates of intervention in particular cases, but to avoid a proactive search for new 

risks to be regulated. * (Noll, 1996: 173) 'Random agenda selection" occurs when 
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agencies react to issues that have come to the public's attention, rather than on those 
that most need intervention and management (Breyec 19). This tendency contributes 

to the existence of serious inconsistencies within and among programs and agencies 

in their analysis and treatment of risks (2 1). 

Various other factors may confuse an agency's response to a perceived need 

for risk regulation. For example: 

... it is often difficult to assess the success of regulation, or even to agree on the 

criteria, so agencies sometimes exercise 'selective attention' to focus on visible 

issues which will give the best impression of activity in the public interest 

(Oway:8), 

The relationship between government and the regulatory "client" can also introduce 

a significant degree of complexity to the process: 

Government is often tom between the need to nurture its industry and the 

obligation to regulate the perceived risks of hazardous activities .... There is an 

inevitable element of ambiguity in the relations between the client and regulator, 

sources of genuine conflict as weil as a commonality of interest (8-9) 

Even when the upper managers and policy-makers are clear regarding regulatory 
priorities, internal inconsistencies within an agency may subvert their intentions, 
with confusing results: 

Middle-level employees and bureaucrats exert considerable influence over actual 

day-to-day operations by how they interpret and implement policy. Many factors 

can introduce ambiguity here, such as staff mobility between regulatory agencies 

and industry, or borrowing technical staff from industry to help with urgently 

needed regulatory studies ( 10). 

4.5.7 Resolution 

Various remedies may be offered as solutions to the difficulties and problems 

that are associated with risk regulation: 

4.5.7.1 Better Problem Definition 

Greater attention should be paid to problem definition at the beginning of the 

decision-making process (Jamieson:41). Poor problem definition results in a lack of 
clarity about what information is required: 
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Better probIem definition involves being clear not only about what questions are 

being asked but aiso about the context in which they are asked and the purposes 

that answers to these questions are supposed to serve (42). 

When formal risk analysis techniques are used, care must be taken to ensure that 

good methodologies are developed and followed. In the case of Probabilistic Risk 

Analysis, the study scopes, terminology, success, criteria, boundary conditions, and 

the form of the results must be clearly defined (Garrick:3 3 7). 

3.5.7.2 Explicit Decision-Making 

The values that are used to guide the risk analysis and regulatory processes 

should be made explicit (Keeney: 130). Participants will then be better able to debate 

the relative merits of the values that have been applied, and to assess the assumptions 

that underlie the decision-making process. 

3.5.7.3 Increased Stakeholder Par t ic ipat ion 

Increased stakeholder involvement in the risk regulation process can result 

in a better understanding of the issues, more inclusive and equitable remedies, and 

better acceptance of the regulatory results. Formalizing public consultation and 

oversight procedures acts to introduce democratic checks and balances into the 

technological risk management process (Slovic:213): 

... the limitations of risk science, the importance and difficulty of maintaining 

trust, and the subjective and contextual nature of the risk game point to the need 

for a new and radically different approach, one that focuses on introducing more 

public participation into both risk assessment and risk decision making in order 

to make the risk-decision process more democratic, improve the relevance and 

quality of technical analysis, and increase the legitimacy and public acceptance of 

the resulting decisions (Kunreuther,l996:l23). 

Risk experts must actively solicit public support and build consensus for the use of 

risk analysis and regulation (Gamck337). Experts should avoid disparaging the 

public's knowledge levels or their concerns, especially since explicit research has 

shown that the public '...is not misguided, mis-educated, or irrational in its opposition 

to certain technologies." (Gould54) At a minimum, all communications between a 

regulator and its client should be made available for public inspection 

(Caldwell, 1995:15). 
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Other government agencies should also be involved at an early stage in the 

risk regulation process (15). The regulatory initiatives of one agency may directly 

affect other agencies at the same or other levels. Participation by these intra- 

governmental stakeholders may help the lead agency to better understand the 

comparative risks that are under consideration, to reduce the competition for 

resources, and to better prepare other parts of government to respond to effects that 

are e,xternal to the initiating agency. 

4.5.7.4 Performance Based & Negotiated Regulation 

Performance-based and negotiated regulation may be used as an alternative to 

traditional command and control techniques (1 5). In performance-based regulation, 

the regulator defies the performance outcomes that are desired in order to avoid or 

mitigate risk. It is then left up to the designer or operator to determine how best to 

meet those objectives. This approach has the advantage of allowing industry to tailor 

compliance methods to address the unique circumstances of each operation. The 

biggest challenge from the standpoint of the regulator is to define appropriate 

measurement techniques that can be used to determine whether the operator or 

plant is in compliance with the specified performance goals. 

4.5.7.5 Risk Oversight Agency 

Risk regulation "incoherencen might be reduced by creating a small, 

centralized, governmental group that is made up of career civil servants who have 

gained experience in a wide range of health, safety, budgetary and regulatory roles 

within government (Breyec60). In order to be successful, this group would need to: 

1. Help balance priorities and manage shared resources through a 

"...mission of building an improved, coherent risk-regulating system, 

adaptable for use in several different risk-related programs. .." (60) 

1. Be given interagency jurisdiction with the authority to transfer 

resources and set priorities between agencies (60); 

3. Be politically insulated so that it can withstand interest group lobbying 

(60); 
1. Have the prestige required to attract qualified staff (60); 

5. Have the authority to impose solutions (60). 

While an oversight agency functioning in this manner would ideally be expected to 

overcome many of the deficiencies inherent in the regulatory process, it seems 

doubtful that the conditions for its formation and function listed above could be met. 
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For example, its mandate to balance and redistribute resources and assess 

governmental needs would raise the agency to a level of political action that would 

make it impossible and undesirable to insulate it politically. 

4.5.7.6 Safety Analysis of the Regulatory Process 

A more robust system of checks and balances should also be built in to the risk 

regulation process. Ezra Hauer suggests that '...the function of initiating, 

implementing and operating a progr am..." should be separated "...from the function 

of measuring its impact on safety." (Hauec67). An agency should not be asked to act 

against its own self-interest (67). Government should make it: 

... mandatory to find out what the safety effect of costly programs is. This task 

should be camed out by professionals who are employed by institutions within 

which the rewards are completely independent of the success or failure of the 

programs that are being evaluated. (67) 

Engineering design measures that may effect safety '...should be accompanied by 

e.xplicit engineering considerations of the expected safety repercussions. " (70) 

Hauer claims that a requirement to conduct safety analysis of major road projects 

would: 

...j olt the profession into recognizing that practising professionals do not have the 

time or the ability to do research into road safety; that neither personal 

experience nor engineering judgement are the source of substantive knowledge in 

road safety; that one cannot build professional knowledge without establishing an 

explicit organizational set-up suited for that purpose; that the creation of 

substantive knowledge is a long-term process ... (70) 

While Hauer was referring to road safety and traffic engineering when he made 

these recommendations, these comments can be applied with equal validity to the 

aviation industry. 
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5. Regulatory Case Study 

5.1 STARS Air Ambulance 

5.1.1 History 

5.1.1. I Medical Need 

The Alberta Shock Trauma Air Rescue Society (STARS) was formed in 1985 i n  

response to a need for improved pre-hospital critical care in the Province of Alberta 

and South-eastem British Columbia. Concerned emergency physicians in Calgary, 

lead by Dr. Gregory Powell, believed that too many patients were arriving in urban 
trauma centres kom rural areas with their medical condition compromised by a lack 

of rapid life-support care. With the help of a local air operator, a BK117 was outfitted 
for air ambulance work and based at the Calgary .brport. In 1991 a second STARS 

helicopter was based in Edmonton, Alberta to serve the pre-hospital rapid air- 
transport needs of the central and northern regions of the province. 

Since the first flight in 1985, STARS has transported over 4100 trauma and 
critical patients to tertiary care centres in Calgary and Edmonton by rotary-wing 
aircraft (STARS, 1998:8). Almost all of these missions, based on the initial diagnosis of 

the consulting physicians or requesting agency, were "Priority 1 " transfers of life- 

threatened, time-critical patients or trauma victims. During the consultation and 

triage process, the STARS flight physician determines whether the patient meets the 
STARS transport criteria. If the patient's illness or injury is of a non-life 
threatening, time critical nature, an alternative form of transportation is 
recommended. 

5. I .  1.2 Community Support 

The STARS Society is a community-supported, non-profit organization. 
Approximately 25% of the STARS program costs in 1997 were recovered from the 

Alberta Department of Health under a five-year air ambulance contract. The 

remaining 75% of costs were supported by the public and industry through donations 
and a variety of fund-raising events (STARS:10). Many communities and 

corporations have also supported STARS with donations-in-kind. The STARS service 
is provided without charge to individual users. With the exception of the past two 

years, revenues from all sources have only met program requirements, with a 



Aviation Risk Reaulation Reaulatow Case Study 

significant annual deficit occurring as recently as 1995. Strong community support 

for the STARS life-saving program has ensured its continued viability. 

5.1.1.3 Volun reerisrn 

The STARS program was built on a spirit of volunteerism which continues to 

the present (STARS:4). The Board of Directors of the STARS Society and Foundation 

are all volunteers. Hundreds of volunteers from various backgrounds panicipate i n  

fund-raising and awareness events (1). The STARS air medical crew (AMC) all work 

for other emergency services or tertiary care hospitals and support the program 

with their time on a honorarium basis. Volunteerism provides a means of ensuring 

that STARS AMC maintain high levels of critical care skill and proficiency, and 

establishes a strong connection between the program and its user communities. 

5.1.1.4 Statisrics 

Listed in Appendix A are all of the STARS missions flown between the end of 

1985 and 1997. Communities with a helipad or other "set-apart" area for rotary-wing 

medivac operations are identified by (H). As noted above, all of these missions were 

Priority 1 transfers. Annual helipad usage at rural, uncertified sites, ranged From a 

high of 11 (Drumheller) to a low of 0.5 (Milk River). The average usage for all 

helipads during the 12year period was 3.4missions per year. The STARS rotary-wing 

program has operated to these helipads without accident or incident under %-hour, 

all weather conditions since program inception. Approximately 7046 of all STARS 

missions are inter-facility transfers using pre-inspected, designated landing sites. 

5.1.2 Flight Standards 

5.1.2.1 Training 

All pilots are given a 10 hour initial ground school and 6 to 8 flight-hour type- 

conversion course on the BK117 prior to indoctrination as line-pilots. Annually, 
pilots are given an additional 4 to 6 hours of recurrent ground emergency procedure 

and technical training and 4 hours of flight training in emergency, instrument and 
night scene-call procedures. Selected pilots are also sent to practice emergency and 
instrument procedures on Flight Safety International's full motion helicopter 

simulators in Dallas, Texas, or West Palm Beach, Florida every year on a rotating basis. 

All pilots must successfully pass a Transport Canada VFR and IFR Pilot Proficiency 

Check on the BKI 17 every 12 months. Flight training includes simulated engine 

failures during normal and 'platform" vertical takeoffs, and normal and steep 

confined area approaches. 
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5.1.2.2 Crewing &Qualifications 

STARS BK117 helicopters are flown with a cockpit crew of two fully qualified 

rotary-wing pilots on all medical missions. Both pilots must have current helicopter 

instrument ratings. Captains must have a minimum of 3000 helicopter hours, and an 

Air Transport Licence -Helicopter (ATPL-H). First officers must have a minimum of 

300 helicopter hours. 

5.1.2.3 Equipment 

STARS operates two Eurocopter BK117s. They are fully equipped for medivac 

and all-weather, day and night operations. Both aircraft are outfitted with 6 or more 
landing and high-power search lights which are used to reduce or eliminate the 

need for ground-based landing zone illumination at hospitals helipads and night 

"scenenk missions. The Calgary Base aircraft has been outfitted with upgraded 

Lycoming LTS 101-750turbine engines which provide greater power margins under 

high density altitude and single-engine conditions. Both aircraft have been 

exceptionally reliable. In 1997the two BK117s each achieved a serviceability rate of 
98% at their respective bases. N o  in-flight engine failures have been experienced 

during the 13 years of continuous operation. 

5.1.2.4 Procedures 

STARS pilots operate the BK117s in compliance with comprehensive Operations 

and Standard Operating Procedures (SOP) Manuals. All flight procedures, including 

take-off and landing and emergency procedures at heliports and unprepared sites 

are specified in these manuals. These procedures are regularly reviewed by 

Transport Canada inspectors and have received the approval of the Commission on 
Accreditation of Medical Transport Systems (CAME). 

5.1.3 Facilities 

5.1.3.1 Operational Area  

The STARS medivac helicopters serve approximately 93% of the populations of 
Alberta and South-eastem British Columbia (STARS:2). The full-fuel range for each 

helicopter extends to a radius of 240 kilometres from Calgary and Edmonton. Most of 

the served population resides in the two major Alberta cities and a few regional 

centres. The remaining population is widely dispersed in low densities among 

numerous towns, hamlets, and rural areas. Oil exploration and processing operations 
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are the primary industrial users. Forestry and recreational areas also generate 

numerous rescue requests annually. 

5.1.3.2 Rural 

Approximately 108 pre-inspected, "set-apart" medical emergency landing sites 

are located within the operational area of the two STARS helicopters. At the end of 

1996", only 6 of these sites were certified by Transport Canada as public-use 

heliports. The remainder complied to varying degrees with the Transport Canada 

Heliport Design Standards. Many of the landing areas provided a paved takeoff and 

landing area (TLOF), a full final approach and departure area (FATO), perimeter or 

flood lighting, hazard markings, and obstacle clearance surfaces that substantively 

complied with the Design Standardsh1. A significant number of sites were non- 

compliant in one or more areas. STARS Aviationh" re-assessed these sites in  

December, 1996and judged all but I to be operationally acceptable for occasional life- 

saving use by e.xperienced STARS pilots.hv E~vamples of rural landing sites are shown 

in Appendix A. 

5.1.3.3 Urban 

At the end of 1996,ll helipads were located in the two major and 3 regional 

cities sewed by the STARS helicoptersb. Five of these helipads were ~er t i f ied .~ '  One 

of these, the Bow Valley Hospital helipad has since been demolished. The remaining 

helipads have been, or are close to being, brought into compliance with the new 
heliport design standards. 

5.1.3.4 Foothills Hospi tal  

The most frequently used heliport in the STARS operational area is the 

Foothills Hospital (FHH) front pad in Calgary with  approximately 250 STARS missions 

annually. This site was given interim certification and opened for medivac 

helicopter operations in December, 1996. Planning and design work for the FHH 

heliport began in the fall of 1995. This project is an excellent example of co- 

operative heliport development. The planning steering committee was comprised of 

representatives of various project stakeholdershu who worked together to design and 

build a heliport that exceeded Transport Canada minimum requirements in several 

critical areas, including: 

1. Elongated FAT0 to provide additional run-on and ground-effect surface 

for high-density altitude, adverse wind, and emergency conditions. The 

FAT0 was also elongated to allow the TLOF to be located as close as 
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possible to the hospital emergency entrance. The northern 

approachldeparture obstacle clearance surface was constricted by 

buildings on either side which in turn would have prevented a round or 
square FATOfrom being sited as close to the trauma rooms as desired. 

2. Provision of single-engine run-on landing areas along the approach 

and departure paths. These were created by prohibiting vehicle 

movement along strategic roadways during flight operations, the 

elimination of parking beneath the approach and departure paths, and 

the removal or lowering of obstacles below rotor height along the run- 

on areas. 

3. Lowering of critical obstacles like light standards along the centre of 
the approach and departure flight paths to provide for a single engine 

acceleration and climb-out corridor. 

CAD perspective drawings prepared by the author for siting and initial 

planning work and photographs of the finished project are shown in Appendix A. 

Site contours and major buildings are illustrated to scale. (Note the wedge-shaped 

obstacle clearance surfaces extending to the north and south of the elevated FATO.) 

The minimum slope and width of these surfaces are specified in the Heliport Design 

Standards. 

5.1.4 CAR 602.13 

CAR 602.13 was implemented along with the rest of the Canadian Aviation 

Regulations on October loth, 1996. The old Aviation Regulations and Air  Navigation 

Orders were superseded by the CARS. A transition or compliance period was not 

incorporated into the implementation schedulehui. STARS Aviation did not receive a 

copy of the CARs until late October. It took the author several days to review the new 
regulations and to understand their impact on STARS life-saving operations. The 

difference between the old Air Regulation 534 (Appendix B) and CAR 602.13 was 

subtle but significant. CAR 602.13still permitted life-saving fights to land within the 

built-up areas of cities and towns, but added a new prohibition against landing or 
taking-off at sites that had been "set-apart" for the use of aircraft. Transport Canada 

inspectors confirmed that the intent of this regulatory change was to compel 

hospitals and air ambulance operators to certify all pre-inspected helipads and 
landing areas used for life-saving operations, regardless of the anticipated or 
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historical utilization rate. Any operations to these sites after October 10th were i n  

non-compliance with the CARS and potentially could have been subject to 

enforcement action. As far as the regulations were concerned, almost all of the 

STARS landing sites at rural hospitals were now unavailable for use, even for life- 

saving purposes. While STARS could continue to save lives at single-use "scene" 

locations, the majority of the organization's life-saving activities were placed in 

jeopardy by this regulatory change. 

5.1.4.2 Response 

The officers and Board of STARS were unwilling to end life-saving flights to 

the many communities affected by this regulation. As a result, STARS Aviation sent a 

letter to Mr. Harvey Laydan, Director of Civil Aviation - Aerodrome Standards, on 

November 25th, 1996, requesting a general exemption to the restrictions imposed by 

CAR 602.13 (Appendix A). Transport Canada did not reply to this request in writing, 

but during a teleconference held on December 10th Mr. Laydan confirmed that it was 

not the intention of Transport Canada to stop life-saving operations and that his 

office would consider our request to draft an exemption that would allow STARS to 

continue to save lives until existing helipads could be brought into compliance. Mr. 

Laydan also invited STARS to become involved in the technical advisory process for 

the new Heliport Design Standards which would govern compliance activities. 

After this discussion, STARS Aviation sent Transport Canada notification that 

the organization could not comply with the regulation. The next day, Alberta Health 

advised STARS that any flight operations to uncertified landing sites within cities and 

towns would place the organization in violation of its contract (Appendix A). STARS 

continued flight operations as normal despite the continued possibility of 

enforcement action and/or contract termination. On December 17th, the author f l ew  

to Ottawa on short notice to participate in a Heliport Design Standards technical 

advisory committee meeting to review the proposed replacement to the 1985 

standards. 

5.1.4.3 Exemption 

A general exemption to the "set-apart" provision of CAR 602.13 was granted to 

STARS by Transport Canada on December 23,1996 (Appendix A). This exemption, with 

restrictions, expired on June 30th, 1997. It was replaced by a more restrictive 

exemption which limited life-saving operations to sites that had been inspected and 

approved for temporary use by Transport Canada during the previous six months 



Aviation Risk Regulation Regulatory Case Study 

(Appendix A). STARS continued to save lives at landing sites that had not been 

included in this last exemption with the exception of uncertified sites located at 

tertiary receiving hospitals in the urban centres.kx On October 9th, 1997, Transport 

Canada sent STARS Aviation a letter stating that enforcement action might be taken if 

STARS continued to operate in non-compliance CAR 602.13 and the most recent letter 

of exemption (Appendix A). This same letter suggested that the defence of necessity 

might be available to STARS should enforcement action be taken, but that this 

defence could be an unreliable one. This last and final exemption expired in 

December, 1997. 

5.1.4.4 Compliance 

Transport Canada Aerodrome Safety inspectors visited and completed initial 

assessments of all the "set-apartn landing sites used by STARS in Alberta and South- 

eastern B.C. by rhe end of June, 1997. Just over 40sites were identified as requiring 

certification. The remaining sites were deemed to be outside of the built-up area or 

were used so infrequently that regional inspectors decided compliance was not 

required. In February, 1997, representatives of Alberta Health's Emergency Services 

Department, Transport Canada and STARS Aviation visited the Alberta Health Care 

Regions that were affected by the new regulation in an effort to encourage 

compliance action. During these meetings, Alberta Health made it clear that no new 

additional capital funds would be made available for heliport design and construction 

in 1997, even though the operational exemption for most sites would expire within 

four months of this initial notification. Due to a lack of funding, relatively littie 

progress was made during the remaining year. In January of 1998, Alberta's 

Department of Public Works made an initial allocation of $500,000 CDN to support 

heliport upgrade and construction work. Additional funds have been approved for 

several high-cost sites. Most of the sites identified in the original assessment for 

compliance action will be certified by the end of 1998. 

5.1.5 Impact 

5.1.5.1 Mission 

The STARS life-saving mission to the local user communities would have been 

seriously impacted had STARS decided to fully comply with CAR 602.13. Due to the 

commitment and determination of the STARS Board of Directors and its officers and 

management to continue safe flight operations, the organization believes that no 

lives were lost or medical outcomes compromised as a result of this regulatory 
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change. Regional Transport Canada officials and inspectors worked hard to support 
the STARS mission and compliance activities. 

5.1.5.2 Cost 

Final costs for site upgrade and heliport construction cannot be accurately 
assessed since many projects are still in the design phase. Two of the sites at the 
Alberta Children's and Banff Mineral Springs Hospitals will cost approximately 

S500,000 combined. Most of the remaining sites will cost from $10,000 to $60,000. 
Based on an average cost of S35,0WL" for 40 sites plus the cost of the Alberta 
Children's and Mineral Springs sites, the total cost of this compliance effort will be 
approximately $1,900,000 CDN. This does not include the costs associated with the 

numerous Transport Canada inspections or the diversion of resources and 

management time within the STARS organization. 

5.1.5.3 Safe ty  

The effect on safety resulting from the upgrading of these sites to comply with 

the Design Standards is difficult if not impossible to assess. As the discussion i n 

Section 5.3 below will indicate, there is no clear relationship between the design 
standards and helicopter accident rates. The theoretical models used to justify the 

standards are also uncertain. The STARS pilots (including the author) believe these 

efforts will result in a small but unknown increase in safety at some of the sites. A 

few sites will benefit significantly from the certification effort, although these gains 

in safety could have been accomplished through other, less expensive rneansP 

5.2 Heliport Legal Issues 

5.2.1 Public Protection 

5.2.1.1 Persons a t R i s k  

Helicopter EMS operations that are conducted over and within cities and towns 

expose first, second, and third parties to some level of increased risk. The "operators" 

or first party persons are the pilots and air medical crew. They understand the risks 
involved and have made a decision to accept these risks as part of their career choice. 

Second party persons are the patients who are being transported, the emergency 

services personnel on the ground, and any other persons or victims involved in the 

emergency. These individuals either are, or, in the case of the patient or accident 

victims, can assumed to be, willing participants in the rescue endeavour. In a life- 
saving situation, the patient can reasonably be assumed to have a risk tolerance that 
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is as high, if not higher than, the helicopter crew members. Third party persons are 

all those residents and bystanders who are exposed to the risk of helicopter EMS 

operations but do not choose or benefit from that increased risk exposure. These 

individuals include persons living or working near or under heliport protected 

airspace, or motorists, pedestrians or bystanders who are in the vicinity during 

helicopter EMS operations. 

According to Transport Canada Aerodrome Safety officials, the primary in tent 

of CAR 602.13 and the Heliport Design Standards is to protect third parties from harm 

or excessive risk. A secondary function is to protect first and second parries. The 

latter are a lower protection priority since these persons are routinely exposed to 

higher levels of risk while operating to unprepared sites, and have a greater degree 

of control and choice with respect to the risks they assume. Aerodrome Safety 

officials protect the public interest by: 

1. determining what type of landing facilities are required to support 

flight operations within built-up areas; 

2. defining the obstacle-free airspace around heliports; 

3. requiring that emergency landing areas be available under the 

approach and departure paths; and 

4 specifying the type of personnel security measures that must be used to 

protect pedestrians and motorists from interfering with or being 

endangered by the helicopter. 

5.2.1.2 Balancing of Harms 

The STARS helicopter EMS service is of obvious benefit to society. The success 

of the annual STARS fund-raising programh and the enthusiasm of volunteer 

support within the medical, emergency and user communities validate this claim. 

The STARS organization believes that the public, especially within rural areas, wants 

and strongly supports the pre-hospital life-saving service provided by STARS. This 

benefit must be balanced against the incornpensable harm that third parties may 

suffer should a helicopter accident occur within a built-up area. Transport Canada 

apparently believes that the public requires additional protection from these harms. 
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5.2.2 Civil Law 

5.2.2.1 Duty of Care 

Civil law can be used by those harmed by helicopter EMS activities to obtain 
remedy from the courts. The threat of civil action under Tort provides a powerful 

incentive for both air operators like STARS, and regulatory agencies like Transport 
Canada to develop and maintain safe operating procedures and facilities. The duty of 

care owed by STARS to the public seems clear. STARS and its pilots and aviation 

management have a close relationship of neighbourliness with the third parties who 
may be affected by their air rescue activities and the harm these activities may cause 
are foreseeable. 

The duty of care owed by Transport Canada to these parties is less obvious. 
Transport Canada inspectors have claimed that successful ton actions against the 

government involving other issues have forced the agency to increase its regulatory 
control over perceived high-risk activities like helicopter air rescue. As we have 

seen in an earlier discussion, there may be some foundation to this claim, at least in 
Canada Government agencies can be held liable under tort and the Supreme Court of 
Canada has been increasingly willing to do so, especially with regard to inadequate 
systems of inspection. Transport Canada has assumed the responsibility for 
inspecting, licensing, and monitoring the flight operations activities of air operators 

like STARS Aviation. Whether the courts would find the agency owed the public a 

duty of care to create a new regulatory requirement for helipad certification where 

none existed previously is questionable. This duty might be established if an accident 
or hazard analysis was able to demonstrate that the flight activities of STtW or other 
helicopter EMS services were creating an unacceptable level of risk due to the lack of 

such certification. 

5.2.2.2 Reasonableness 

An additional test used to establish a duty of care, or to determine whether this 
duty has been fulfilled, is to evaluate the reasonableness of the defendant's actions in 

avoiding or mitigating the foreseeable harm. Since no civil cases involving claims 
against dedicatedwi helicopter air ambulance operators have been t ied in Canada, 
the particular details of the standard care owed by STARS must be assumed. 

Presumably it is a high one. The reasonable air rescue operator who permits his or 
her helicopters to be flown over and within densely populated urban areas in hazard 

filled environments would be expected to take every practicable precaution to ensure 
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that the public is not endangered. These precautions would include the pre- 

inspection and preparation of landing sites, when possible, to ensure that flight 

operations can be ccnducred safely under a variety of conditions. Where a 

prosecution occurs due to non-compliance with a regulation, a similar or even 

higher standard of "due diligence" may be applied. 

5.2.2.3 Reliance 

As suggested earlier, a better test for a duty to control risk that might be owed 

by apublic agency is that of reliance. Had the public within the STARS operational 

area come to rely on Transporr Canada to control and limit risk at uncertified hospital 

helipads? From 1985 to 1986 representatives of STARS Aviation had worked closely 

with local community groups like the Lions and Rotary clubs, and the administrators 

of rural hospitals to build safe helipads for life-saving use. During this period, STARS 

recommended that helipads be certified if practicable, but also made it clear that the 

regulations in force at the time didnot require certification if use was h i t e d  to life- 

saving flights. Contact information for Transport Canada's Aerodrome Safety office 

was provided but only a handful of administrators or community groups choose to 

certify their helipads. The Heliport Design Standards were used as a reference, and 

many sites subsequently met, or came close to meeting the standards. Some, however, 

didnot. In these cases, the local interests relied on the STARS Aviation personnel to 

approve the helipad as safe for use. In making these assessments, STARS inspectors 

relied on their operational experience and knowledge. The performance capabilities 

of the STARS helicopters, the training, experience levels, and crew resource 

management capabilities of the STARS pilots, and the anticipated frequency of use of 
the site in question were all considered. 

The public relied on STARS to pre-inspect and approve repetitive-use helipads 

at rural  hospital^.^^ The public will also have indirectiy relied on Transport Canada 

as the agency that is responsible for inspecting and ensuring that STARS Aviation 

operates to a safe, air carrier standard. Nothing in the author's experience, however, 

or that of his predecessor's, indicates that the public expected or wanted Transport 

Canada to intervene more directly in the helipad inspection and approval process. 

Just prior to the expiration of the general exemption at the end of June, 1997. STARS 

Aviation advised the Alberta Health Care regions that STARS would continue to save 

lives at uncertified sites after the end of June (Appendix A). Subsequently, Transport 

Canada and Alberta Health advised these same regions that flight operations to 

uncertified sites not included on the July, 1997limited exemption should cease until 
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certification effons were complete. No sites were closed to STARS as a result of this 

advice and life-saving operations continued. Another anecdotal example of the 

degree to which the public relied on STARS was provided when the Globe and Mail 

published a national feature article entitled "Alberta Helipads Unsafe" (Appendix A) 

on February jth, 1998. In the days following this article's publication, STARS 

received numerous calls from concened local officials, members of the public, and 

the media regarding the safety of our flight operations ro rural hospitals. The 

reassurances offered by STARS representatives were quickly accepted and once 

again, life-saving operations continued unabated despite the negative impression 

left by this article. 

Although the policy-operational test for a dcty of care on the part of a public 

agency has fallen out of favour in other common-law jurisdictions, it may still be 

applied in Canada. Using this test, did Transport Canada have to act to make a system 

of inspection mandatory for helipads used for life-saving purposes? In this case, the 

decision to change the regulation to require certification was made at the highest 

levels of Transport Canada in Ottawa it seems clear that this decision was in the 

policy realm and not the operational. As such, the agency could just as easily have 

decided not to act and would not have been held accountable by the courts. On the 

other hand, having decided to make helipad certification and inspection mandatory 

for life-saving flights, the agency now has an equally clear responsibility to ensure 

that the system of inspection is adequate and properly followed. 

5.2.2.5 Necessity 

STARS Aviation managers decided to continue to operate to uncertified hospital 

landing sites after the implementation of CAR 602.13 because they believed these 

flights were necessary to save lives. The STARS medical directors reviewed the 

organization's patient triage procedures to ensure that all accepted missions would be 

of a true life-saving, time-dependent nature. STARS management was of the opinion 

that the defence of necessity should apply. 

A STARS medical inter-facility mission is comprised of two stages: 

1. Outbound trip from the base to the sending facility - the sending and 

transport physicians discuss the patient's diagnosis and agree to an 
appropriate method of transport. If the injuries or illness are deemed to 

be life threatening and time dependent, the helicopter is dispatched 
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provided it is the fastest means of transport for the location. At this 

point, the STARS medical team is relying on the diagnosis provided by 

the sending physician; 

2. Inbound trip to the receiving facility - the patient is now under the 

care of the SI'ARS medical team. On arrival at the patient's bedside, the 

STARS team may find the patient to be better, worse, or the same as 

predicted by the dispatch diagnosis. The patient's condition may also 

improve or decline during the process of "packagingn and transport. 

The defence of necessity formulated as a justification, but not as an excuse, would 

appear to apply to the first stage of the mission. Prior to the dispatch of the 

helicopter, other patient care options are most likely available, even if they are not 

the most desirable. The patient could be transported by ground ambulance, for 

example. It could also be argued that prior to the dispatch decision, the STARS crew is 

not under a compulsion to act which might amount to involuntariness, as described 

by Dickson J. in R. v. Perka. At this point they have not yet made contact with the 

patient and they are not responsible for his or her care. From a utilitarian 

standpoint, however, they are probably justified in accepting the mission provided 

that any ensuing operation that may be in non-compliance with a regulation can be 

accomplished at a level of safety that is proportional to the "good" of saving a human 

life. The defence of necessity formulated as excuse more clearly applies to stage Z of 

the mission. At  this point the STARS crew is caring for the patient and has had an 

opportunity to make a first-hand assessment of his or her needs. As professional 

emergency care-givers with their "hands-on" the patient, they would be under a 

compulsion to do whatever is reasonably within their power to save the his or her 

life. 

Whether the defence of necessity would be available to a dedicated HEMS 

operator like STARS for a decision to land at an uncertified site in non-compliance 

with CAR 6C2.13 prior to assuming care for a patient (i.e. during mission stage 1) 

would depend on the court's leanings. If the view of Dickson J. as expressed in Perka 

prevailed, the defence would most likely be denied. If the less restrictive opinion of 

Wilson J. was followed, then it might be available provided that the court was able to 

discover a justifying and over-riding duty in the law. Section 7 of the Canadian 

Charter of Rights and Freedoms might be used to successfully justify the decision to 

be in regulatory non-compliance if the action is taken to preserve the right of 
individuals to "life, liberty, and security of the person and the right to not be 
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deprived thereof except in accordance with the principles of fundamental justice." 

(Charter of Rights and Freedoms) 

5.2.2.6 Deterrence 

The threat of being found liable for damages resulting from risk-causing 

activities is a powerful deterrent for air operators and public agencies. While some 

argue that civil remedies offer inadequate protection against incompensable harms 

like those that may result from helicopter EMS mishaps, liability assessments can and 

do play a major role in guiding risk management decisions. During the course of 

resolving CAR 602.13 issues with Transport Canada, the opinion and support of STARS 

Aviation's lawyers and insurers to a large degree determined management's actions. 

Had they felt that saving lives at uncenified sites posed an unacceptable risk from a 
liability standpoint, all flight operations to these sites would have ended. Loss of 

insurance, a dramatic increase in rates, and the possibility of large civil settlements 

are negative potential consequences of poor risk management decisions. 

5.2.3 Public Law 

5.2.3.1 Regulating R i s k  

Transport Canada imposed this new regulatory restriction on life-saving 

operations within built-up areas because key officials believed air operators were 

nor managing risks a p p r ~ p r i a t e l y . ~  In taking this action, Transport Canada 

intervened as a social policy-maker by shifting the balance of costs and benefits. 

New costs were imposed on the STARS user community as a result of the requirement 

to certify landing sites. Presumably, Transport Canada took this action because it 

believed air ambulance operators like STARS were under-estimating the risks and 
over-estimating the costs of mitigation. 

5.2.3.2 Development & Implementation 

The CARS provided Transport Canada with more robust enforcement 

mechanisms to achieve compliance with their regulatory objectives. By re-w riting 

the regulations, increasing control over perceived high-risk activities, and by 

improving enforcement, Transport Canada has made a determined effort to meet its 

mandate to protect the public's interest with respect to aviation activities. It can be 

assumed that all four factors listed in Section 4.5.2 influenced the agency's decision- 

making process with regard to increasing re ylatory control over life-saving 

operations within built-up areas. CAR 602.13 was implemented through a process of 

standard-setting,-' licensing, monitoring, and potential enforcement. 



Aviation Risk Regulation Regulatory Case Study 

5.2.3.3 Regulatory S t y l e  

The Heliport Design Standards were developed in a "consensual style." The 

Technical Advisory Committee that helped review and draft the Heliport Design 

standards was made up of a small group of aviation experts that were selected by 

Aerodrome Safety officials on an invitation basis. To the author's knowledge, 

industry was not consulted with regard to CAR 602.13 itself. Despite recent attempts 

on the part of Transport Canada to open up the regulatory process by providing more 
information and seeking the advice and opinion of stakeholders, the Canadian 

regulatory system seems relatively closed compared to the American. Attempts on 

the part of STARS to have CAR 602.13 reconsidered have met with discouraging 

While it is now government policy to consult stakeholders for any 

'major" regulatory change, it is not mandatory. STARS does not have the right to 

appeal this regulatory change or to challenge the method by which it was created 

and implemented. Access to the regulatory process still occurs at the discretion of 

the government. 

5.2.3.4 Participation & Consul tat ion 

Transport Canada consulted with aviation stakeholders on numerous occasions 

through the CARAC process in the years and months during which the new CARs 

were developed. Transport Canada did not, however, consult with the helicopter air 

ambulance industry or the public prior to implementing CAR 602.13.1m111 At a 

minimum, Transport Canada was under a policy obligation to post regulatory changes 

of this nature in the Canada Gazette.- While notification of regulatory action is 

made in the Canada Gazette for several regulations falling under Part 6 in the years 

leading up to the implementation of the CARs, no mention was made of CAR 602.13.1m 

Notification was probably not made because Aerodrome Safety believed the 

regulatory change involved was minor. Since these officials had always intended to 

regulate hospital helipads used for life-saving purposes, they deemed the new 

restriction to simply be a clarification of a pre-existing regulation. 

5.2.3.5 Standards 

Transport Canada conducted a comprehensive review of the Heliport Design 

Standards of 1985 and had intended to have a new manual that was harmonized wi th  

international practices finalized by the time the CARs were implemented. While this 

manual has still not received final approval, all of the heliport construction projects 

in Alberta and South-eastern B.C. have been certified to the new draft standards. In a 
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significant departure from the old standards, helipons that are only used by twin- 
engine helicopters can be designed using a much steeper obstacle clearance slope 
than was previously allowed. This ch-mge helped reduce the cost, effort and rime 
required to comply wirh CAR 602.13 since many of the landing sites used by STARS 

already met, or were close to meeting, the new twin engine airspace standard. 

5.2.3.6 Deficiencies 

CAR 602.13 and the process by which it was developed and implemented are 

deficient in several respects. Some common regulatory deficiencies discussed earlier 
can be identified: 

Stakeholder Conflict - The difference of opinion between experts 

representing STARS, the Helicopter Association of Canada, and 

Transport Canada regarding the need for the new restricrion contained 

in CAR 602.13 has yet to be resolved. STARS' desire to save-lives without 
undue regulatory impediment was in apparent conflict with Transport 

Canada's commitment to protect the public from unnecessary risk. Both 
sides suspected each others intentions and information. Still in dispute 
are: 

a) the degree to which the public is at risk due to helicopter life-saving 

operations at uncertified landing sites; 

b) the effectiveness of CAR 602.13 and the new Heliport Design 

Standards in mitigating these risks compared to other operational 

controls and measures preferred by the operator. 

2. Pass/Fail Bias - Prior to the implementation of CAR 602.13, Transport 

Canada had managed the risks associated with life-saving flight 

operations at hospital landing sites by directly supervising air 

operators like STARS through its Commercial and Business Aviation 

department. This arrangement provided both Transport Canada 
inspectors and the air operators with a fair degree of discretion 

regarding the measures used to mitigate risks. For example, the need 
for facility improvements like lighting and obstacle removal could be 

weighed against other available risk mitigation measures. The 

operational capabilities of the specific helicopter used, its equipment, 

crew experience, configuration and training, and the controls and 

procedures employed by the operator could all be considered when 
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mitigation measures were chosen. CAR 602.13 removes this discretion 

and imposes a consistent quantifiable standard to the landing site 

requirements. While the Heliport Design Standards now recognize the 

capabilities of twin engine helicopters, in other respects they are blind 

to unique operational and equipment capabilities that can make a 

significant difference in risk. 

3. Resources - Like most other regulatory agencies affected by 

government deficit reduction measures, Transport Canada has not had 

sufficient resources to ensure that air operators are adequately 

supervised. While additional inspectors have been added recently, the 

Prairie and Northern Region in which STARS Aviation operates was 

critically shon of rotary-wing inspectors at the time the CARS were 

implemented. Staff and funding shortages reduce the agency's ability 

to maintain safety standards by relying on direct supervisory 

relationships with air operators. This in turn has reduced regulatory 

and operational flexibility. 

3. Inconsistencv - STARS Aviation management's understanding of 

Transport Canada's intent with regard to CAR 602.13 and heliport 

regulation was confused by inconsistent directions and messages from 

various officials and departments within the agency. The regional and 

head offices of the Commercial and Business Aviation and Aerodrome 

Safety departments provided somewhat different, and sometimes 

conflicting information and advice. CAR 602.13 stated explicitly that 

life-saving operations could not be conducted at uncertified "set-apart " 
areas, yet no official was actually willing to prevent STARS from saving 

lives, especially since all parties agreed the STARS operation was safe 

and compliant with required standards and practices in other respects. 

Regional Transport Canada officials in particular were supportive of the 

STARS operation and asserted in private discussions and in public that it 

was not the agency's intent to prevent the organization from saving 
lives when it could doso safely. At the same time the agency continued 

to remind STARS that it was at risk of enforcement action if it continued 

to land at uncertified sites and that even the defence of necessity might 

offer only limited protection. Despite this, Transport Canada officials 

agreed it did not make sense for the a A R S  helicopter to land on a road 
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or other open area near the hospital at a "non-set-apart" site simply to 

avoid the 'set-apart" prohibition. Such an action would have literally 

been in compliance with the regulation, but less safe than the non- 

compliant alternative. 

5.3 Managing Heliport Risk 

5.3.1 Risk Management 

5.3.1.1 Operational Experience 

Over the years and decades, air operators and regulators like Transport Canada 

have relied extensively on their shared knowledge and experience to develop safe 

operating procedures and standards. Robert Smith, an administrator with the U.S. 

Federal Aviation Administration (FAA) conducted a review of FAA documents in the 

early 1990's and determined that the helipon design standards in effect in that 

country were "...not based on a body of measured data. Rather, they [were] based on 
operational judgement." (Smith, 1988:2). He could not find any document '...which 

provides the detailed rationale for the judgements made in the development of the 

current requirements." (1) As a result, the standards contained in FAA Advisory 

Circular (AC) 150/5390 "Heliport Design" have been a "subject of debate for years" 

between industry and the FAA (Smith, 19942). 

In a similar fashion, Transport Canada has relied on the experience and 

judgement of its inspectors and officials to create regulations and standards, 

including those affecting rotary-wing helipad operations. Many of these evolved 

wi th  the industry and were adopted simply because they worked, were the best 

measures available given the state of the technology, or achieved a socially 

acceptable balance of costs and benefits. Very little solid objective and quantifiable 

research exists within the rotary-wing risk management field to help justify past 

regulatory decisions. Consistent with the consensual model of regulatory control, the 

Canadian aviation industry has relied primarily on the generally co-operative and 

mutually supportive relationship between it and Transport Canada to manage risk. 

5.3.1.2 Safety Audits & Hazard Analysis 

In the spring of 1996, Alberta Health asked Transport Canada's Edmonton 

System Safety office to conduct a safety audit of the hospital landing sites used by 

STARS. A System Safety inspector visited and photographed all of the sites during the 

summer of 1996. His report was submitted to Alberta Health and STARS the following 
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October. Helipad physical and airspace dimensions were not measured or catalogued 

during this study, nor were safety evaluations made. Instead, the study rated each 

site with regard to the degree of work or difficulty involved in bringing it up to the 

existing certification standard. Unlike the road safety audits mentioned previously, 

the accident potential and safety performance of each site was not analyzed. To the 

author's knowledge, comprehensive safety audits of helipads have not been 

successfully conducted in either Canada or the U.S. The 1996 System Safety study of 

Albena hospital helipads and the Aerodrome Safety inspections conducted in 1997are 

better called "certification audits." . b y  attempt to perform an actual safety audit of 

these sites would have been handicapped by a lack of reliable safety measures, 

comparative accident data, and study precedents. 

While fl 'ARS or Transport Canada could have done a safety assessment using 

the "4850" hazard analysis process, the results would only have been useful for 
comparing the relative safety of the sites under study. A subjective analysis and 

hazard rating of each site would not have provided any useful information about the 

risks associated with helipad design factors in comparison to other operational risks 

within the STARS Aviation operation or the industry as a whole. The 1996 Systems 

Safety Alberta Hospital Helipad srudy was useful for determining the inspection and 

upgrade priority ranking once the decision was made by Transport Canada to require 

certification. I t  did not indicate whether the lack of certification was a significant 

safety issue compared to others that might have existed within the !X'ARS operation 

or the rest of the helicopter industry. 

5.3.2 Heliport Design 

5.3.2.1 General 

The following discussion will be primarily concerned with airspace standards 

at VFR Category 'B" h e i i p o r t ~ . ~  While IFR and Category "Anbi standards are of 

interest, the vast majority of heliports in Canada are of the former type. The 

research information that is available on heliports has primarily been done by the 

American FAA. As a result, the American regulations and standards will be 

summarized and compared to the Canadian. While the Canadian regulatory approach 

is different than the American, both countries have relied on the same heliport 

research data to develop and revise their standards. 
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5.3.2.2 Airspace Protection 

CAR Part 3 "Aerodromes and Airportsnw and its associated standards (which 

include the Heliport Design Standards) set out the various conditions determining 

how and which airspace must be protected for the purposes of aircraft operations 
during takeoff and landing. Like U.S. FAR Part 77 "Objects Affecting Navigable 

Airspace," CAR Part 3 is the "cutting edge* between aviation and non-aviation 

interests. (Smith, 1988:3) This regulation attempts to protect both sides by: 

1. preventing obstacles like new buildings, power lines, roadways, trees, 

erc. from encroaching on the airspace required for safe air operations 

at aerodromes (including heliports) that are already in service: and 

2. ensuring that new aerodromes are designed in such a way that the 

public or third parties on the ground will not be exposed ro unnecessary 

risk. 

The benefit of increased safety and operational utilitybv resulting from larger air 

and groundspace areas must be balanced against the cost and difficulty of building 

and siting such facilities (3). "Obstacle richn environments may require special 

consideration when defining acceptable airspace standards (4)-. 

In the U.S., the Heliport Design AC is "advisory only" unless it is implemented 

and made a condition of heliport licensing by a lower level of government or "...the 

heliport is a public use facility that is funded or administered by the federal 

government. * (Anoll, 1991: 11 )-I The recommendations and standards contained i n 
the FAA Design AC are intended to be used to plan and design civil heliports. They 

are predicated on average conditions and "may require adaptation." The circular 

notes that the standards should be used "...tothe extent that it is feasible and practical 

to do so ..." Conformity to these standards is a "prerequisite to Federal grant-in-aid 

assistance. " (AC150/539@2A, 1 9 9 4 : w w w ) ~ ~ p p r o ~ m a t e l y  ten states have 

implemented the full FAA Heliport Design Standard and one-half use only portions of 
it. The remaining states have not implemented the standards in which case they 

remain advisory only, as stated in the AC.mii While implementation of the FAA 

standards is left to the discretion of other levels of government, notification of 

construction or modification of a airport or heliport is mandatory, with certain 

exceptions (FAR1 57:Sec157. I).- Once notification is received, the FAA will conduct 

an aeronautical study of the airport proposal to determine its impact on the 

surrounding airspace (FAR1 5 7:Sec157.7). 
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In Canada, the Heliport Design Standards are implemented uniformly across 

the country and are applicable wherever the CARS require aerodrome certification." 

Since the Federal Government has exclusive jurisdiction over transportation, lower 

levels of government cannot decide where or whether the certification standards 

will be applied, as they can in the U.S. Transport Canada also requires all heliports 

that meet the 'set-apartn conditions to be certified regardless of frequency of use." 

Despite these stringent requirements, Federal funding is not available on a routine 

basis for heliport development, as it would be in the U.S. if the project complied with 

the Design Standards. In the case of the hospital helipads located in the STARS 

operational area, the Federal Government did not offer any funding incentives to 

encourage compliance. The provincial and to a lesser extent municipal 

governments, along with local service clubs, have borne almost all of the design and 

construction costs required to comply with the Federal standards. Little or no co- 

ordination occurred between the various levels of government regarding funding 

prior to, or during, the implementation of CAR 602.13. 

5.3.2.3 Class i f ica t ion 

Transport Canada and the FAA have both applied a classification system to 

their respective heliport airspace standards, but have used different criteria. FAA 

AC150/5390-2Adivides heliports into four types based on usage. Air and groundspace 

requirements and other specifications regarding lighting, marking, paving, etc., 

vary for each. FAA heliport types, listed in ascending order of standards stringency 

are: (1) private use; (2) hospital; (3) public use; and (4) t r a n ~ p o r t . ~ '  In the most 

recent draft amendment to the Heliport Design AC, the FAA has proposed that the 

higher public-use standards be applied to private-use and hospital heliports 

(Sanderson, l998)."' While the FAA recognizes that operators of private heliports 

can control factors such as: the type of helicopter and operational standards used; 

pilot restrictions; and training and currency, at least one key official is concerned 

that operators do not use this flexibility to achieve a 'comparable level of safety." 

(Smith, 199450) This same official is no longer convinced that a lower "private-use" 

standard is appropriate for hospital heliports since the public rides as a passenger at 

these sites (Smith:50).mv 

Transport Canada does not distinguish between heliports on the basis of 

operational control or type of usage. Instead, Transport Canada's draft Heliport 

Design Standards Manual has introduced a new classification system based on type of 

aircraft. The three classifications are: 
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1. H1- Category A heliport; 

2. H 2  - twin-engine helicopter only Category B heliport; 

3. H3  - single or multi-engine h e l i p ~ r t . ~  

H2 and H I  heliports are virtually the same in all respects except that the H2 Take-off 
and Approach OLS (Obstacle Limitation Surface) may be twice as steep as that 
specified for H3 heliports up to a maximum slope of 16%.=l Many of the heliports 
located within the STARS operational area did not meet the H3  standard due to the 

height and proximity of surrounding obstacles. -4s a result, these sites have been 

upgraded and certified using the H 2  draft standard. 

5.3-2.4 Airspace  

The airspace dimensions of American and Canadian heliport minimum 
protected approach and departure airspace are shown in Appendix C. The approach 

and departure OLS dimensions for a Day & Night VFR, Sea Level, Category 8, public- 
use heliport with  2 opposed approaches are detailed below: 

Canadian FAA FAA 
Draft Current Pro~osed 

1. Inner edge width at FATOW": 26.0 m 31.5 m 31.5m 

2. Outer edge width @ 1219m from FAmXVi1I: 392 m 152m 518m 

3. Take-off cleanvay length": N/R  N/R 43 m 

3. First Section Slopec: 12.5: 1 8:l 8: 1 

5. Second Section Slope: 6.25: 1 N/A N/A 

6. Transition Surface: N/R 2: 1 2: 1 

5-3.2.5 Adverse Conditions 

The maximum performance take-off profile for any helicopter varies 
dramatically as takeoff gross weight and density altitudea vary (McConkey, 1991:32). 
At high density altitudes at the maximum aircraft gross weight limit most helicopters 
are not capable of performing a vertical take-off and may not even be able to climb 

above the obstacle clearance departure surface at a certified heliport 

(McConkey, 1991:33). Instead they may require 50 rn or more of horizontal clear- 

space to accelerate in ground-effect through translational liftQi before they can 

begin to climb above obstacles at a relatively shallow gradient. On the other hand, at 
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lower density altitudes and lower take-off weights, most helicopters are capable of 

vertical or steep take-off profiles. Heliports that are designed for worst-case 

scenarios, (in other words, heavily-loaded and low-performance helicopters flown 

by inexperienced pilots at high density altitude conditions) require much larger and 

more gently sloped obstacle-free areas than do heliports that are optimized for less 

restrictive conditions. For example, heliports that are used only by helicopters that 

are operated at or below the Hover Out of Ground Effect (HOGE)aY weight can be 

designed with relatively steep OLS gradients. 

This is one of the key issues in the debate between industry and regulators. 

The only aircraft flight manual (AFM) information for Category B rotor-craft that 
gives some indication, albeit indirect, of vertical and horizontal take-off 

performance as a function of aircraft weight and density altitude are the HOGE 

charts. While these can be used by pilots to determine the weight at which a vertical 

take-off will no longer be possible, they do not provide any means of determining 

what the profile might look like. The only other Cat. B climb information that is 

available is the Best-Rate-of-Climb (Vy) which is of limited use in heliport airspace 

~lanning .~ '  Since quantifiable Category B take-off profile performance data does not 

exist, regulators have recommended standards that will be adequate for a wide- 

variety of aircraft operated under maximum-load and density-altitude conditions 

(Smith, 19941 1) (Ihamba, 1991:35) (McConkey: 1). 

While industry representatives in the U.S. may be willing to accept this 

standard-setting approach for public-use heliports, they believe it is inappropriate 

for those that are under restricted operational control (NEMSPA, 1998:www) 

(Sanderson,l998). Hospital heliports in particular can be difficult and expensive to 

build since they are often located in confined areas and the land required to meet a 

more restrictive public-use standard may not be under the hospital's control. Despite 

the misgivings voiced by regulators, air ambulance operators Like STARS continue to 

claim that high-performance aircraft, special equipment, high crew training and 

qualification requirements, and optimized operational procedures and control, can 

all be used to establish a level of safety at restricted-use sites that is equivalent to that 

achieved by the public-use standard. STARS also does not understand why Transport 

Canada should have wished to convert all of the restricted-use hospital helipads in 

Alberta and south-eastem B.C. to public-use facilities. With only a few exceptions, 

these helipads continue to be used exclusively by STARS. STARS would have 

preferred, and frequently suggested, that additional Transport Canada and 
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community resources be allocated for operational, rather than facility, measures that 

would improve and help monitor safety standards. 

5.3.2.6 Height-Velocity Envelope 

A related and equally contentious issue concerns the use and application of 

helicopter Height-Velocity (H-V) envelopesw to the heliport design standards. FAA 

helicopter certification FARs require H-V diagrams to be included in the 

performance section for Normal Category rotorcrafPt, and in the limitations section 

for Category A rotorcraft (Anoll:77) .mll In a FAA study entitled "Heliport VFR 

Airspace Design Based on Helicopter Performance," the author claims that in either 

case it is clearly the intent of the regulators to discourage operation in the H-V areas, 

especially for larger rotorcraft (Anoll:77). This study concludes by stating: 

... it is therefore consistent to say that heliport airspace standards should not be 

constructed so as to require helicopters to fly through the HV avoid area in order 

to conduct operations (Anol1:77). 

Much of the FAA heliport research and the heliport design standards of both Canada 

and the U.S. are based on this assumption. FAA research report DOT/FAA/RD90/3 

"Helicopter Physical and Performance Data* analyzed AFM and manufacturer- 

supplied performance information and used a sophisticated computer modeling 

program to generate madmum performance depmure profiles for a variety of 

helicopters. Plots of the "AFM recommendedn and the uH-V+Y"'ul departure profiles 

were made (McConkey:24). Study DOT/FAA/D90/4 "Helipon VFR Airspace Design 

Based on Helicopter Performance" incorporated this information and added another 

profile called the uTranslational Lift" departure which was also designed to avoid the 

H-V envelope to as great an extent as possible.." This study concluded that the VFR 

heliport Airspace "...is inadequate for the current helicopters and normal range of 

conditions ..." (Anoll:79). Common single-engine helicopters like the McDonald- 

Douglas MD500Ewere unable to clear a SO foot obstacle at 400 feet" from the take-off 

point using the Translational Lift procedure even though this procedure provided 

better results than either the H-V+S or manufacturer's recommended profiles. This 

study is one of the key FAA reports that has been used to justify the reduction in OLS 

slopes and the inclusion of take-off clear-ways (Smith, 19941 8). 

The assumption that helicopters must avoid the H-V envelope during take-off 

and landing is not supported by operational experience. The AFM H-V diagram 

represents the helicopter's autorotative or single-engine landing capability from a 
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steady-state conditiond in a 3 knot wind." It is not indicative of the helicopter's 

capabilities in an accelerating/decelerating and/or climbing/descending, condition. 

Under these conditions, the helicopter's kinetic energy and aerodynamic potentiai is 

higher than for the steady-state conditions represented by the H-V diagram. When 

proper piloting techniques are used, the AFM H-V envelope can be safely entered, at 

least to some undetermined limit ."li 

As an example, the STARS Aviation BK117 "platformn vertical take-off 

procedure involves a smooth collective application to maximum take-off power and a 

vertical climb to 40' radar altimeter. At 40' the pilot makes a positive nose-down 

rotation to accelerate to minimum take-off safety speed (Vtoss) while continuing the 

departure climb. Positive acceleration and momentum must be maintained 

throughout the pro~edure."~ The time from initial power application in the hover to 

climb vertically to 40' (into the AFM H-V area), rotate, and accelerate to 30 knots 

(minimum AFM H-V speed) is approximately 12 seconds at normal operational 

w e i g h p  Company pilots are able to successfully land while practising simulated 

engine failures from any point in this profile during training  session^.^ At 

operational weights, transient single engine power and main rotor inertia can be 

used to cushion an emergency landing. A hard touch-down and some landing gear 

damage are the worst outcomes that should be anticipated provided the surface is 

bard and level. 

This take-off profile is safe because the energy state of the helicopter at any 

point in the profile is considerably higher than for an equivalent helicopter at the 

same airspeed and height combination operating under AFM H-V conditions. 

Imagine two identical BK117 helicopters loaded to 9096 of maximum take-off weight. 

Maximum take-off torque is 83% x 2 engines for a total of 166%. Maximum single 

engine transient torque is 1 2596.wii One helicopter is hovering out-of-ground effect 

at 40' above the landing surface at 75% twin engine torque or 150% total. The second 

helicopter is climbing vertically through 40' at approximately 100 feet per minute 

(FPM) and using the maximum 83% twin engine torque available. The first 

helicopter is in a steady-state condition while the second helicopter is in a higher- 
energy, accelerating condition. 

Both helicopters experience an engine failure at the same moment. The first 

helicopter will immediately begin to descend because the 150% torque required to 

hover at that altitude is greater than the 125% available on one engine. The rotor 

RPM will rapidly droop because the power available will be insufficient to maintain 
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normal RPM unless the pilot reduces collective blade pitch below the 125% transient 

power limit. At this point no acceptable recovery technique is available. If the pilot 

reduces collective pitch to regain rotor KPM, the rate of descent will increase 

significantly and rotor RPM will not be recovered soon enough to allow the higher 

rotor inertia to be used near the ground to arrest the sink rate. If the pilot maintains 

the collective at the hover setting, the rotor RPM will continue to droop, the sink rate 

will gradually increase, and very little rotor inertia will remain at the bottom to 

supplement the available engine power. A very hard landing will result in either 

case. Alternatively, the pilot might attempt to accelerate fonvard after the engine 

failure if a landing area is available. Once again, because of insufficient single 

engine power and low rotor RPM and efficiency, the helicopter will probably not 

gain translational lift airspeed before contacting the ground. Regardless of the 

recovery technique used, a BK117 pilot hovering under these conditions will discover 

that the AFM H-V envelope applies. 

The pilot of the second helicopter has better options. If the engine failure 

occurred before nose-down rotation, collective pitch can be reduced before upwards 

momentum is lost to begin the descent to the landing area. This will allow the pilot to 

reduce the power required to less than 125% so that rotor RPM can be preserved or 

even increased. The second helicopter will now pass the 10' point on the way down at 

a controllable rate of sink, with  the remaining engine below topping power, and full 

rotor inertia available. As the ground is approached, the rotor RPM can be reduced to 

trade rotor inertia for lift to supplement the single engine power. A normal, or at 

worst, somewhat hard landing should result. Alternativeiy, if the engine failure 

occurs after rotation at 40', the remaining upward and forward momentum developed 

during the take-off can be used to help accelerate the helicopter to translational lift 

airspeed which will in turn increase the rotor efficiency enough to allow an 

emergency run-on landing to be accomplished. The pilot of this helicopter will have 

demonstrated that the AFM H-V envelope didnot reflect the aircraft's capabilities for 

the take-off profile used. 

A useable H-V diagram for these conditions would need to include factors like 

rate of acceleration or deceleration, vertical speed, aircraft pitch angle, and climb or 

descent gradients in addition to height and airspeed to properly define the avoidance 

envelope. While it seems unlikely that this type of N-V diagram would, or even 

should, be developed, it is the only H-V diagram that would be appropriate for 

heliport design purposes. 
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5.3.3 Risk Measurement 

5.3.3.1 General 

Very little objective measurement of helicopter risk factors was attempted 

prior to the mid-1980s (Smith,1991:2). At that time, the FAA undertook an extensive 

rotorcraft risk and performance research program in response to industry pressure 

for objective justification of regulatory programs (Smith:2). Some of this research 

has been used to justify new heliport regulations and standards in both Canada and 

the U.S.. 

5.3.3.2 Incident & Accident A n a l y s i s  

One FAA accident analysis study in particular is used to argue for improved 

heliport design standards as a means of reducing the helicopter accident rate. 

DOT/FAA/RD90/8 "Analysis of Helicopter Mishaps at Heliports, Airports, and 

Unimproved Sitesn recommended several changes be made to the heliport design 

standards including an increase in "...clear space near the landing site to support 

improved operational and safety needs ..." even though this same study demonstrated 

that the portion of the helicopter accidents that can be attributed to facility design 

factors is very low (Dzamba, 199 1:16). 

The authors of DOT/FAA/D90/8 reviewed 1,328 U.S. National Transportation 

Safety Board (NTSB) and 3,000 U.S. Army accident and mishap reports. This mishap 

data was studied to: 

I. Gain an understanding of heliport mishaps; 

2. Determine if the present design requirements are adequate; 

3. Make recommendations regarding Advisory Circular standards; and 

4. To quantity the risk associated with helicopter operations and to develop a method 

for comparing those risks with other aviation segments (Dtamba,l991:1) 

The study authors analyzed all of the accident reports in an attempt to identify those 

that were related to heliport design factors. An 'in-depth analysis" was made of 167 

full mishap reports from which 117 were finally selected for study purposes. In 

order to obtain enough relevant reports, the authors expanded the location criteria to 

include helicopter landing sites at airports and unimproved sites (Dzamba:Abstract). 

Landing sites that were only used once or twice were categorized as other (2). The 

selection process was complicated by numerous factors, not the least of which was a 

lack of information in many reports regarding the type of facility involved in the 
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mishap (17). The authors were able to conclude from an "in-depth* analysis of the 

117 reports "...that the time of year, time of day, geographic location, field elevation, 

operating conditions and mission type appeared to have had Litde influence an rhe 

group as a whole." (25) The report does not indicate how this determination was 

made, however. 

Of the 1 17 mishaps studied, approximately 60% involved obstruction strikes 

(27). The report observes that "...almost every object near an operational area is a 

potential threat to the helicopter ..." (27). Helicopters struck a wide variety of objects 

including hangars, wind socks, fences, trees, and wires. The fact that many of 
these objects were very visible indicates to the authors that "...judging obstruction 

clearances may be a difficult task." (33) Many of the reports, however, did not 

provide enough information to determine where the objects were relative to the 

landing site or why the pilots struck them (36). Only 4 out of 117 mishaps occurred at 

public-use heliports designed in accordance with the FAA Advisory Circular. 4l 

mishaps occurred at private-use facilities, 41 at airports, and 3 1 at unimproved sites. 

DOT/FAA/RD-90/8 concludes by stating that: 

1. The FAA Heliport Design Advisory Circular provides good guidance: and 

2. Many of the mishaps analyzed probably would not have occurred if the Heliport 

Design AC recommendations had been satisfied at the operating location." 

Neither of these conclusions are supported by the study. While very few of the 

mishaps occurred at public-use heliports, the authors make no attempt to determine 

the percentage of total helicopter landings and takeoffs that occur at these facilities 

nationally. If very few aircraft movements occur at public-use heliports compared 

to other types then the small number of mishaps identified in the study could still 

indicate a comparable or even higher accident rate.- The authors come to these 

conclusions despite their admission that the lack of detail in the mishap reports 

"...prevented an analysis of design guideline adequacy." (44) The manner in which 

the authors dismissed all of the other factors that might affect flight safety without 

explanation also undermines the validity of the study. Unfortunately, other FAA 

reports refer to this study and help reinforce its questionable conclusions: 

Based on the analysis documented in report FAA/RD-90/8, it is clear that many 

helicopter landing site accidents and incidents could be avoided if the facilities 

were designed or upgraded to meet FAA heliport Design Advisory Circular 
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recommendations for public heliports. This is a safety/econornic issue that needs 

to be addressed (Smith,1991:50),'" 

According to FMRD-90/8, only 2.6% of the helicopter mishaps in the U.S. can 

be attributed to heliport design factors. Given the imprecision of the mishap data and 

the subjective nature of the selection process, this estimate is probably not reliable. 

If it is, it supports industry's contention that heliport design factors do not 

contribute significantly to the overall helicopter accident rate. The report does 

concede that "...good operational procedures would help to alleviate a number of 

landing site mishaps ..." and that "operational procedures are just as important as the 

landing site design." (13) If this is the case then the percentage of mishaps 

attributable to heliport design and operational procedure factors combined is only 

5.2% of the total. The authors make no mention of the factors that apparently cause 

the remaining 94.8% of all rotorcraft accidents! 

Another FAA accident study, "Analysis of Helicopter Accident Risk Exposure 

Near Heliports, Arports, and Unimproved Sites" done a year later attempts to 

"...examine all e.xposure causes & then estimate the proportion attributable to specific 

heliport design and helicopter operational characteristics." (Smith, 1992:Abstract) 

NTSB data is analysed to determine risk exposures for landing sites, occupants, third 

pmies, heliport design parameters, by mission, and in comparison to other aviation 

industry segments (1). For the purposes of this study, the civil rotorcraft fleet is not 

differentiated (2). Listed below are the report's summary of findings: 

1. There has been a tenfold decrease in the rotorcraft accident rate from 1966 to 

1987. The accident rate has dropped from 60.57/100,000 hrs to 6.22/100,000 

hrs.; 

2. There has been a fivefold decrease in the fatality rate from 4.88 to 1.00/100,000 

hrs.; 

3. The percentage of fatal accidents is increasing relative to non-fatal; 

4. Accidents per TO/Landing decreased by 40% from 1980 to 1986; 

5. The helicopter accident rate is now lower than the general aviation rate;'"' 

6. 3439% of all helicopter accidents occurred within 1 mile of landing site; 

7. The risk of a fatal or major injury to ground personnel around helicopter 

takeoff/landing sites averaged 0.13 fatal/major accidents per 100,000 flight hours 
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during the period from 1982 through 1986. Over half these accidents occurred at 

remote sites." 

8. The risk of helicopter accident occurring in a neighbourhood in the vicinity of a 

specific heliport is an extremely rare event. 

9. The number of landing site design-related mishaps (1982-1986) in which the 

landing site design is a direct factor in the mishap is estimated to be less than 5% 

per year for all landing sites and 3% or less per year at heliports.-' 

10. The number of landing site design-related mishaps &at occur at landing sires 

designed in accordance with the Heliport Design Advisory Circular is estimated to 

be less than 2% per year and less than 1% per year at heliports. (Smith,1992:53- 

55): 

These findings indicate that the helicopter industry and its regulators have 

done an excellent job of reducing the accident rate, that heliport design factors are a 

relatively minor component of the overall rotorcraft accident rate, and that the risk 

to a neighbourhood in the vicinity of a heliport is negligible. Using a formula for 

determining neighbourhood risk that is found in DOT/FAA/RD90/9, STARS would 

need to be in operation for 110,647 years to suffer one statistical accident over a 
neighbourhood in the vicinity of a hospital helipad having an average utilization 

rate of 6 missions annually.mii. A similar estimate can be made for the relative risk 

of losing an engine prior to reaching translational lift during the vertical take-off 

procedure described above. Using an engine failure rate on U.S. twin turbine 

helicopters of 0.35 failures per 100,OO flight hours, STARS could complete 28,571,130 
missions before experiencing a statistical engine failure during this critical flight 

phase if one mission is completed for every flight hour, three takeoffs are 

completed per mission, and the exposure time is 12 seconds per take-off.-' 

5.3.3.3 Target Level of Safety 

In an effort to quantify the risk measurement process, the FAA has 

recommended that a Target Level of Safety (TLOS) be established for helicopter 

operations. This TLOS could then be used in statistical analysis to determine 

acceptable risk limits for parameter distributions and to 'identify potential further 

gains." (Smith, 1988:8) As is often the case, the FAA referred to fixed-wing precedents 

to find a model to use for determining an acceptable TLOS for rotorcraft operations.- 

Using a 'revealed preference" approach, the FAA determined that an extrapolation 

of the 1964to 1989 rotorcraft safety improvement trend line results in a projected 
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accident rate of 3.6/100,000flighr hours by the year 1000.-' A similar extrapolation 

of the long-term trend for take-off and landing accidents yields a year 2000 rare of 

3.8/1,000,000flight hours. If 2.6% of helicopter accidents are attributable to facility 

design factors, then the resulting take-off and landing TLOS for heliports is 

0.8/1,000,000 (Smith,1992:51). This target rate is very low and may be difficult to 

achieve. Its validity rests on following questionable assumptions: 

1. That a simple extrapolation of past accident rate reduction trend lines 

yields a TLOS that: 

a) is practicably achievable given the state of the technology; 

b) reasonably balances the benefits of reducing risk to the public wi th  

the potentially high incremental cost of achieving further 

reductions in the accident rate; 

c )  reflects the public's willingness to pay for further reductions i n  

risk. 

2. That the percentage of helicopter accidents that the FAA attributes to 

facility design factors is itself valid. Uncertainties or errors in this 

ratio will significantly affect the TLOS, in either direction. There is 

good reason to suspect that this number is not, in fact, reliable. 

5.3.3.4 Probabilistic Risk A n a l y s i s  

None of the FAA research reports that were reviewed for this study used a 

probabilistic risk analysis approach. The aviation industry may not be a good subject 

for probabilistic analysis since it is not particularly complex or tightly coupled.-18 

The many environmental and human variables would make it difficult to accurately 

define casual relationships between system components. 

5.3.3.5 Surrogates 

The FAA research reports reviewed do not make use of surrogate risk 

indicators like the previously discussed Traffic Conflict Technique. The closest any 

of the studies came to using non-accident indicators of actual risk was FAA/RD-90/8's 

use of U.S. Army mishap reports as surrogates for accidents. This repon did not 

attempt to establish a relationship between the factors that caused mishaps and those 

that may result in more serious accidents. The linkage was simply assumed Since 

the aviation accident frequency is so low, other measures ought to be developed to 

determine aviation accident causal factors and the efficacy of countermeasures. 
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While the Traffic Conflict Technique is not directly applicable to aviation, some of 

the principles, issues, and problems identified in our discussion of TCTare relevant to 
other forms of surrogate measurement. Two possible aviation risk measurement 

surrogates are: 

1. Incident Reports - Pilots are presently encouraged to file incident 

reports with their company Safety Officer or the Transportation Safety 
Board through a confidential reporting system. While reportable 

aviation incidents are defined in the Canadian Aeronautical 
Information Publication (AIP), internal and external incident 

reporting systems are not well used or understood by aviators. Incident 
reports could be better utilized for assessing risk if "targeted" 
submissions were solicited from an operational study group. For 

example, if safety deficiencies at hospital heliports was the target issue, 
HEMS pilots could be asked to complete survey forms after each mission 
to identify hazards or critical factors affecting flight safety during 
landing and take-off at these sites. These reports could then be related 

to the physical features of each site to establish correlations between 

heliport design and operational safety. 

Fliaht Data Reports - A modified HUMS (Health and Usage Monitoring 

System) or other type of flight data recorder could be adapted to provide 

flight parameter information to study specific performance, 

procedural, or facility design issues. Control inputs, flight path 
information, instrument data, and power application plots could all be 

used to measure helicopter and pilot performance, workload, and 

deviation from optimum profiles and procedures. Once again, these 
measures could be compared to the related heliport physical features to 
establish design and safety correlations. This method would be most 

informative if operational aircraft could be appropriately equipped and 

the measurements made over a wide range of operating conditions by 

different operators and a representative cross-section of industry pilots. 

Further research is needed to develop these alternative measurement methodologies. 

As has already been noted in our previous discussion of road engineering issues, care 

must be taken to ensure that there is a relationship between the surrogate measure 

and accidents and that any uncertainties in these relationships are understood and 
made explicit. 



Aviation Risk Regulation Regulatory Case Study 

5.3.3.6 Simulation Research 

As part of the FAA's comprehensive heliport risk analysis project, researchers 

attempted to determine the optimal limits of the horizontal approach and departure 

protected airspace. Once again using a fixed-wing model, researchers adapted the 

International Civil Aviation Organization's (ICAO) Obstacle Clearance Panel's (OCP) 

work on IFR precision approach clearances to heliports by combining 

mathematical/analytic methodology with operational judgement (Smith,1988:5). 

Using this approach, the FAA hoped to more easily reach a consensus with industry 

regarding the appropriate extent of the protected airspace at heliports (6). 

Quantified information could also be used to more readily accommodate the increased 

capabilities of modem aircraft (7). 

The OCPrnethod as it was adapted to heliport research was based on eight steps. 

These included the assumption of a TLOS accident rate, simulation and data col.lection, 

probability distribution model development, and the selection of OLS surfaces based 

on the TLOS-derived isoprobability curves (10). The risk presented by an obstacle 

depends on its position relative to the nominal flight path and the extent to which 

the aircraft may deviate from that path ( 12). The ICAO Risk Collision Model (CRM) is a 

computer program that estimates the risk for any single or multiple obstacles (12). 

The ICAO CRM is not applicable to VFR heliport operations since it is based on the 

assumption that the pilot cannot see the  obstacle^.^^" 

For the FAA heliport airspace tests, subject pilots completed 1217 data runs 

(Smith, 1994:6). Nine pilots each from FAA, military & industry were used for a total 

of 27 subject pilots (Weiss, 1988:8). Total rotary-wing flight experience ranged from 

181 to 7300hours (98). 7', 8' and 10' approaches and 7", 10" and 12" departures were 

flown at least three times each using four different aircraft (Weiss:4). During 

approaches, a safety pilot flew to a ground survey point on approach centreline, 

4000'from the heliport. The subject pilot took over at 500' AGL and completed the 

approach to landing. On take-off the subject pilot flew the entire departure 

procedure without any reference to the survey point (Smith, 19946). The position 

data for each approach and take-off was accurately tracked and plotted (6). The data 

was then "...analyzed statistically to determine the mean, standard deviation, and six 

sigma isoprobability curves (6).- 

The TLOS chosen for the statistical analysis was the 1/1,000,000 accident rate 

used by the OCP for precision approaches (McConkey: 17). This is just slightly less 
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stringent than the 0.8/1,000,000 suggested by the FAA for approach and departure 

operations at public-use heliports. After the flight data was collected, 

airspace envelopes depicting lo(-7) target levels of safety (6 sigma) were 

computed for the Normal, Beta, and Gamma distributions and plotted on graphs 

along with the mean approach data ... the initial assumption that the data exhibited 

a Normal distribution was determined by later analysis to be invalid 

(McConkey:17) (diagrams shown in Appendix C) 

These distributions were then compared to the existing OLS area and were found to be 
* 

significantly outside of the lateral limits (Smith, 1994:6). "This test data indicated that 

the protected airspace needed to be enlarged, not decreased as some FAA personnel 

had expectedn (6). The maximum deviations occurred during the departures. Based 

on the test data, the outer end lateral width at 4000' from the TLOF required to meet 

the 0.81 1,000,000TLOS would be: 

1. 7" approach - 1010' 
2. 8" approach - 1040' 
3. 10' approach - 1980' 

4. 7" departure - 2424' 

5. 10" departure -4052' 

6. 12" departure - 2878' (10) 

These widths are considerably greater than that of the existing standard 

(500'). The inconsistent variation in values between the various test slopes help 

confirm the study's observation that the distribution was not normal. The wide 

0.8/1,000,000TLOS distribution envelope may be invalid for heliport design purposes 
for the following reasons: 

1. The TLOS may be too conservative for heliport operations. The 

0.8/1,000,000\-due was set by assuming that the extrapolated historical 

heliport approach and departure accident rate is achievable. Past 

improvements in the rate may not be easily continued into the future- 

2. The TLOS is derived by multiplying the extrapolated approach and 

departure accident rate of 3.8/1,000,000 hours by the heliport design 

accident factor of 2.6%. This factor is taken from report DOT/FAA/RD 

9018 whose methodology and assumptions have been criticised above. I f 
the percentage of the accident rate at a heliport attributable to design 
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factors is greater than 2.696, then the TLOS will decrease. This will i n  

turn reduce the width of the distribution envelopes; 

3. The sample size of pilots is very small and the experience and 

operational background of each pilot varies significantly. This would 

tend to lead to inconsistent flight performance and skewed data. The 

subject pilot group's flight performance is not necessarily 

representative of that of the entire helicopter pilot population of the 

U.S.. This is especially true for professional HEMS pilots flying to 

familiar restricted-use hospital heliports. Flight performance for this 

group can be expected to be well above the median. The small subject 

group size compared to the total helicopter pilot population makes this 

test statistically insignificant; 

4 The simulation model itself may be invalid: 

... the FAA is mindful of the fact that this testing was conducted in an area with 

virtually no obstacles. This provided little in the way of visual reference for the 

pilots during departure ... thus the departure data are consistent with expected 

performance when a pilot conducts a night-time departure from a heliport and the 

obstructions cannot be seen. This potential hazard could be alleviated by marking 

and lighting obstacles in the vicinity of the heliport and in the vicinity of the 

approach and departure paths (Smith, 1994: 10) 

Unlike the test pilots who flew precision approaches for the OCP using 

normal radio-navigation cockpit indications to maintain their centre- 

line track, it appears that the FAA helicopter test pilots did not have 

good visual track guidance information to help them maintain the 

approach and departure centre-line. While the large deviations 

experienced might be typical of a night departure under the conditions 

described above, they would not be normal for most operational 

situations. At any heliport where obstacles are adjacent to the OLS, 

obstacle lighting, marking and the aircraft landing and search lights 

are used to provide an obstacle location reference for the pilot. 

Tracking accuracy can be expected to be much higher than the test 

results for approaches and departures flown in a real obstacle-filled 

environment.- The simulation methodology used to establish 

minimum OLS width does not accurately represent real-world 

conditions. 
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5.3.3.7 Estimated Value of a Life  

The FAA research uses the revealed preference method to set safety goals 

rather than safety valuation techniques. By extrapolating past accident rate trends, 

the FAA is assuming that these trends reflect a socially-approved cost-benefit 

balance for the risks associated with rotorcraft technology and its benefits. It also 

assumes that what is achievable is desirable. By estimating the value of a statistical 

life and then comparing this cost to those associated with reducing risk at heliports, 

the FAA would make better decisions regarding the cost-effectiveness of changing 

regulations and standards. Using the accident rate data and the estimate for the 

Alberta and South-eastem B.C. compliance costs, we can work backwards and estimate 

the cost per statistical accident saved for the recent Transport Canada regulatory 

intervention. 

We will assume that the full cost of the heliport improvements in the STARS 

area will be S1.9 m CDN and that the effective life of the improvements will be 25 

years. We will also assume that the improvements will reduce the accident rate by 

5096. If the approach and landing accident rate attributable to heliport design 
factors prior to certification was 1.6/1,000,0004000i and STARS flies 600 mission hours 

annually, then the cost of the statistical accident prevented will be: 

No of Accidents Prevented = 25 x 600 x 5096 x (1.6/1,000,000) = .012/25 years 

Cost per accident saved = $1.9 m CDN/ 0.012 = $158.3 m CDN 

If we use a worst-case scenario by assuming four lives would have been lost in this 

accident, the cost per life saved would be $39.6~1 CtIMmii This is well above the value 

of a human life established for other forms of transportation (approximately S1.8m to 

S4.6m CDN according to the valuation studies reviewed in section 4.4.4.4). These 

estimates are only valid if the M3T/FAA/RD90/8 data and assumptions are correct. 

This estimate is based on 

5.3.4 Accountability 

5.3.4.1 Uncertainty 

Confidence and uncertainty levels are not provided in the FAA research 

reports. The effect of small sample sizes, simulation modelling assumptions, data 

anomalies, information deficiencies, theoretical preferences, and so on must be 

estimated and clearly stated if the data and recommendations are to be understood and 

accepted. The FAA research material and the Canadian and American helipon 
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standards provide numerous examples of the negative effects of uncertainty, 

variability, and indeterminism on the regulatory process. Much of the conflict 

benveen industry and the regulators has probably resulted fkom a lack of reliable 
decision-making information. 

5.3.4.2 Reductionism 

Reductionism is also very much in evidence in the FAA research reports. The 

H-V envelope issue is an example of an apparently easily understood arid applied 
quantifiable measure that regulators would like to use to set standards. 

Unfortunately, the actual dynamics of helicopter performance at heliports are 

considerably more complex than the data assumptions that lie behind the AFM H-V 
diagram. This is also true for the airspace flight test simulation model which 
attempted to define the heliport approach and departure airspace lateral limits using 

a relatively simple fixed-wing precision approach simclation model. Once again, 

helicopter operations in VFR airspace are relatively complex and subject to many 
more environmental, human, and operational variables than those that affect 

Transport Category fixed-wing operations. 

5.3.4.3 Standards 

Almost all of the comments made earlier regarding traffic engineering 
standards can be made with respect to heliport standards. Despite justifying attempts 

on the part of regulators, aviation standards remain largely arbitrary and poorly 
researched. Countries like Canada and the U.S. are able to develop quite different 

standards even though regulators in both countries rely on the same research 

information. Assumptions remain untested or long-held convictions are supponed 

by highly directed research methods. It is dso possible to design a facility that is 

unsafe under certain conditions even though it conforms to published standards. For 

example, a heliport may be certified with only one approach and departure path to 

the landing zone. Under certain wind conditions, this may require the pilot to either 

land or take-off with an adverse tail-wind (one-way idone-way out), or to choose 

another flight route which does not conform to the certification specification for 

that site. In alife-saving situation, the pilot will not have the luxury of waiting for 
more favourable conditions. In such a case, the pilot's safest option will often be to 

ignore the certification standard and land or depart into wind. While standards serve 
an important function, they obviously cannot replace sound judgement and 

experience. 
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5.3.4.4 Measures 

All of the FAA research that was reviewed for this study relied on inadequately 

sized data and test samples. While small tests and research samples can be used to 

provide supporting indications and information, they are not adequate for making 

difficult policy decisions at a national level. Transport Canada and the FAA will have 

to develop much larger and more comprehensive data bases if they intend to use 

quantifiable methods to set regulations and policy. For example, it will be very 

difficult for the FAA to effectively determine the true heliport accident risk level if  

physical information and utilization rates for each site are not collected and 

catalogued. 

5.3.4.5 Risk A n a l y s i s  

The risks associated with risk analysis listed earlier do not seem to be a 

concern for the aviation industry. This industry is not in any danger of establishing 

an explicit, quantifiable risk analysis system that is "too effective, " for example. On 

the other hand, aviation risk appears to be well managed, as indicated by the sharp 

reduction in helicopter accident rates over the past several decades. Many of the less 

formal risk management techniques that have developed over the years have served 

the aviation community well. Before new risk measurement and quantification 

projects are begun, regulatory bodies and industry should make an attempt to set 

priorities and choose between the management approaches that will be most 

effective. For example, developing a complicated H-V model that accurately describes 

a helicopter's performance potential in non-steady-states may not be a wise use of 

industry and public moneys. Such a model will not necessarily improve safety since 

better helicopter performance information will not have a significant effect on 

safety if the majority of helicopter accidents occur at unprepared sites where pilots 

are unable to apply quantified data. 
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6. Recommendations 

6.1 General 

The STARS Air Ambulance and heliport regulatory case study has been used to 

show how legal and risk analysis issues can affect the risk regulation process. The 

debate between industry and the regulators over heliport regulations and standards 

continues in both Canada and the U.S.. The recommendations below are made in an 

attempt ro address some of the deficiencies identified during this discussion. Issues 

that are particular to the case study and those affecting risk regulation in general 

are considered. Remedies Listed earlier are shown in italics. 

6.2 Problem Definition 

Greater atten tion should be paid to problem definition at the beginning of th e 
decision-m&ng process: 

The regulator should ensure that the problem under consideration is clearly 

defined prior to initiating regulatory changes that will impact industry and the 

public. Prior to formulating CAR 602.13, Transport Canada should have determined 

that the risk posed by air ambulance helicopters to the public during operations at 

uncertified landing sites within the built-up areas of towns and cities was significant 

and real. In this case, a solution was imposed for a problem which did not exist. FAA 

research reports which were available to Transport Canada officials indicated that: 

1. the helicopter industry and its regulators had already achieved 

impressive gains in safety throughout the previous three decades; 

2. the statistical risk to the public in the vicinity of heliports is negligible; 

and 

3. heliport design factors are involved in a very small percentage of the 

total helicopter accidents occurring on a national basis. 

In addition, there was no accident or incident history in Canada indicating that 

uncertified hospital heliports were a safety hazard. If Transport Canada had defined 

the problem and circulated it for comment, other stakeholders like STARS Aviation 

would have had an opportunity to challenge the need for further regulatory effort. 

In any case, regulators like Transport Canada should use a formal decision-making 

process when considering and developing new risk regulations. The 'Initiation" and 

'Preliminary Analysis" stages of the Q850process described in Section 4.4.3.5 could 
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have been used by Transport Canada to identify and define the hospital heliport 

problem. Transport Canada recommends the 4850 process to operators and safety 
committees, but it is not clear to what extent the agency uses this process to guide its 

own activities. 

6.3 Explicit Decision Making 

The values that are used to guide the risk analysis and regulatory processes 
should be made explicit. 

Regulators and stakeholders should make an effort to discover and articuiare 
the relevant values, ideologies, and mission objectives which they bring to the 

decision-making process. The earlier this is done, the greater the opportunity for 

avoiding time-consuming debate and conflict over apparent differences in fact and 

perception. In the case of STARS and the hospital heliport issue, both the regulator 

and the operator believed in their respective, but different, missions to protect the 

public and save lives. Each side believed their mission objectives took precedence 

over the other's. Each also suspected the legitimacy of the other's information and 
intent. STARS believed Transport Canada's concern over heliport safety was 

unwarranted. Transport Canada, for their part, seemed to suggest that STARS was 

operating to uncertified sites in an irresponsible manner and that the organization's 

determination to land as close to the hospital as possible was also unjustified.-' 

Neither side brought definitive arguments or good statistical data to the debate in an 

attempt to resolve what appeared to be a factual disagreement. Instead, differences 
in values obstructed what ought to have been a co-operative and shared problem- 
solving process. 

6.4 Stakeholder Participation 

Increased stakeholder in volvemen t in the risk regulation process can result 

in a better understanding of the issues, more inclusive and equitable remedies, 

and better acceptance of the regulatory facts. 

Regulators ought to consult and involve the public and stakeholders to as great 

an extent as possible, given the available resources. This is especially true where 
good data or statistical research to suppon unilateral regulatory intervention is 

unavailable or inadequate. Despite the extensive and expensive heliport safety 

research projects undertaken by the FAA during the past decade, the available data 

does not clearly support the regulators' desire to develop more restrictive heliport 

regulations and standards. In this case, Transport Canada, or the FAA for that matter, 
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must involve the stakeholders in the entire decision-making process, from the initial 

problem definition stages through to implementation and monitoring. If the 

regulator cannot demonstrate that data and research information definitively 

supports their regulatory intent, then it must rely on the shared operational 

experience and opinion of the various stakeholders, including other levels of 

government and its own inspectors and officials. 

6.5 Performance-based & Negotiated Regulation 

Performance-based and negotiated regulation may be used as an alternative to 

traditional command and control techniques. 

Rather than imposing compliance standards and requirements on regulatees, 

regulators should consider using alternative rulemaking and compliance methods. 

The Canadian Government should reconsider the consensual methods contained i n 

the now abandoned Regulatory Efficiency Act, Bill C62,or other similar measures like 

the Alternative Dispute Resolution technique. Under one of these schemes, Transport 

Canada could have defined the level of safety that it wanted operators like STARS to 

maintain when operating to hospital helipads. If reliable statistical data was 

unavailable, then a qualitative standard and compliance measures could be 

negotiated. I t  would then be up to the operator to determine which safety measures 

would be employed to meet the regulatory performance standard. Upgrading landing 

sites to comply with the heliport design standards would have been only one of 

several mitigation options available. STARS, for example, argued that other 

measures, like high performance aircraft and equipment, a two-pilot crew, and 

sophisticated operational and training standards achieve an equivalent level of 

safety. Arguments that negotiated rulemaking and compliance schemes violate the 

rule of law and permit favouritism should be rejected as grounds for clinging to 

ineffective command and control techniques. Edsting regulatory structures are 

only ostensibly consistent and uniform. In practice, regional Transport Canada 

inspectors and officials implement national regulations in a flexible manner to fit 

the unique needs and capabilities of the regulatee and his or her environment. A 

performance-based regulatory approach might result in a more consistent standard 

by making the regulatory objectives explicit. 
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6.6 Safety Analysis of the Regulatory Process 

A more robust system d checks and balances should ... be built inlo the risk 
regulation process. 

In the same way that agencies like Transport Canada audit, inspect, and 

monitor the performance and compliance standards of air operators, independent 

inspectors ought to measure the safety effect and cost of such an agency's regulatory 

actions. Agencies ought to be held accountable for the information, research 

methodologies, and consultative techniques that are used to support the regulatory 

process. The flawed research methodologies and information contained in the FAA 

helipon research reports has gone largely unchallenged. Transpon Canada was able 

to create and implement CAR 602.13 and the associated heliport design standards 

without justifying their actions with good research or statistical data. Independent 

e.xperts with training in statistical and risk analysis should be able to review the 

regulatory decision-making process to determine whether it complies with good 

scientific principles and methodologies. Stakeholders should have an opportunity to 

appeal regulatory decisions and require regulators to share their information and 

data. 
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7 .  Appendixes 
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7.1 Appendix A - STARS Operational Information 
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7.1 . I  Correspondence 



ALC 
AIRLIFT CANADA INC. 

November 25, 1 996 

Mr. Harvey Laydan 
Civil Aviation - Aerodrome Standards 
330 Spark Street 
Ottawa, Ontario 
K;A ON5 

Re: Landing and taking-off in built-up areas for the purpose of saving a human life. 

Dear Mr. Laydan: 

The following is a draft of a letter I had intended to send to the Hon. David Anderson with 
copies to be provided to yourself, Mr. Robert Sincennes of the CARAC Secretariat, and Mr. Rob 
Freeman and Mr. Jim Stewart of Business and Commercial Aviation. I appreciate your offer to 
review this letter and to discuss this issue with me before I take fbrther action. 

Canadian Air Regulation 602.1 3 para. (2 )(a) will force ALC Airlift and the Shock Trauma Air 
Rescue Society (STARS) of Alberta to abandon or curtail life-saving operations at numerous 
Alberta communities when the current CARS implementation transition period ends on 
December IOth, 1996. While the officers of ALC Airlift and STARS understand and support the 
intent of this paragraph, the regulation as it is written is unreasonable and potentially ineffective. 

Our Request 

ALC Airlift requests that, prior to December IOth, 1996, authorization be granted to continue 
life-saving operations without the restriction imposed by CARS 602.13 para. (2Xa) subject to the 
following conditions: 

1. that helicopter flight operations to all uncertified landing and take-off areas at tertiary 
care and regional hospitals in Alberta end within 120 days of the receipt of this 
authorization; 

2. that flight operations to "set apart" landing and take-off areas at rural hospitals 
located within built-up areas are conducted without creating a hazard to persons or 
property on the surface. Specifically, the air canier will operate using: 
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(i) a twin engine helicopter capable of maintaining single-engine flight at Vtoss. 
Landing and take-off profiles will be flown in such a manner as to maintain 
fly away capability during approach and departure except for the final 
transition to landing and the initial transition to forward flight; 

(i) a two-pilot flight crew. The second pilot shall monitor the progress of the 
flight and alert the pilot flying to deviations from the safe single engine 
profile. The second pilot shall also monitor the outside environment and 
alert the flying pilot to obstacles and hazards. 

3.  the air carrier, STARS, Alberta Health, and the community associations work cc+ 
operatively to make reasonable site improvements at rural hospitals. Periodic 
progress reports will be submitted to the regional Transport Canada Business and 
Commercial Aviation office. 

ALC Airlift & STARS 

ALC Airlift provides two Eurocopter BK117 helicopters under contract to the Alberta 
Department of Health in partnership with STARS. STARS is a not-for-profit community and 
volunteer-based organization that has supported life-saving air rescue operations in Alberta for 
the past eleven accident-free years. During that time STARS has played a leading role in 
establishing a critical care "chain of survival" that links Alberta communities with the major 
tertiary care centres. One important link in that chain is the service provided by the air rescue 
helicopters and medical crews that are supported by the STARS organization. Over 75% of the 
combined program costs for the ALC Airlift helicopters, the STARS medical support 
inftastruct ure and STARS Foundation fund-raising activities are provided by individual Albertans 
through donations and giving at special events. 

Helicopter Critical Care in Alberta 

The STARS program is dedicated to critical care. Unlike some other air ambulance programs in 
Canada, ALC Airlift helicopters and STARS medical crews are only dispatched for the purpose 
of saving a human life or a major limb. This specialized medical focus combined with Alberta's 
relatively small population base results in low utilization rates. Each of the !STARS-dedicated 
helicopters in Calgary and Edmonton fly about 300 hours per year. From 1985 to 1995, the 
average number of missions to approximately 120 individual mral hospitals ranged fiom an 
average of I or fewer per year to a high of 14 per year. The norm for most locations was an 
average of 3 to 5 missions per year. 

The BKl17s 

The Eurocopter BK117s operated by ALC Airlift are smaller (as much as 30% less in over-all 
length) and have a higher horsepower to weight ratio than any other helicopter type currently in 
use in EMS operations in Canada. Both of our aircraft have recently been modified to 
incorporate the latest Lycoming 750 turbine and noaie upgrades. These helicopters are 



exceptionally reliable. During the past ten years of operation, our mission serviceability rate has 
averaged 98% annually without any helicopter back-up support! The BK117 dynamic 
components were initially designed for the MBB 105 in the mid 1960s. Since that time neither 
type of aircraft has suffered a major failure of its rotor or flight control systems. 

Flight Crews 

ALC Airlift operates its BK117s with two Mly qualified pilots during all medical missions, 
regardless of the time of day or type of flight (VFR or IFR). All Captains have a minimum of 
3000 hours in helicopters as well as extensive night and IFR flying experience. First Officers are 
all IFR qualified and experienced in night operations. Pilots are sent to Flight Safety for EMS 
simulator training on a rotating annual basis. In-house flight and ground training emphasis 
Cockpit Resource Management procedures. Company Standard Operating Procedures specify 
the crew co-ordination techniques to be used during operations to scenes and confined areas. 

Rural Hospital Helipads 

Landing and take-off areas at many of the hospitals the STARS program serves have already been 
improved with the support of local authorities and service groups. Pads large enough to 
accommodate the BK 117 have been "set apart," lights have been installed, and hazards have been 
marked or removed. Only a small handfbl of the sites have been certified. In some cases, 
relatively minor improvements would be needed to meet current certification standards. In the 
majority of cases sigruficant re-development work would need to occur before certification 
standards could be met. 

Effective Resource Allocation 

Uniform mandatory compliance with certification standards at rural Alberta hospitals wouid 
result in an ineffective use of resources. Meeting the obstacle clearance criteria specified in the 
Transport Canada Heliport and Hetideck Desinn Standards would not, by itself, significantly 
increase the safety of flight operations. Our aircraft and flight crews are capable of operating 
safely at higher approach and departure gradients and with less lateral clearance than is specified 
in the Design Standards. Due to the low utilization of rural Alberta hospital helipads by STARS 
compared to EMS helicopter programs in other provinces, scarce community resources can best 
be allocated in the following order of priority: 

1. marking and removal of existing hazards identified by company representatives at 
rural hospital helipad sites; 

2. improved crew training; 

3. improved helicopter systems and equipment including type upgrades, lighting and 
wire-strike. 

4. installation of permanent helipad lighting; and 

5.  certification of rural hospital helipads. 



Impact on Communities 

A failure to grant the authorization requested above will result in the suspension of Me-saving 
operations at numerous Alberta hospitals on December 10th. At some locations we may be able 
to find alternate landing areas that have not been "set apart" for aircraft use. At others it may be 
feasible to remove the helipad markings and create a "multi-useyT area We will also do our best to 
work with communities to certify helipads even though the associated expenditure of community 
resources may very well result in disproportionately small marginal improvements in system 
safety. In any case, our ability to effectively serve Albertan residents with a community 
supported critical care helicopter rescue system will be seriously compromised by a failure on 
Transport Canada's part to act on this request. 

Disincentive for Safety 

CARs 602.13 as it is currently written provides a disincentive to improve the safety of life- 
saving operations at infrequently used locations within built-up areas. All of the helipad 
improvements that ha:.: been made at rural hospitals in Alberta since STARS began operations 
have been done with the support of ALC Airlift and STARS staff and local agencies. The 
provincial and federal levels of government, including Transport Canada, have not requested nor 
have they substantially supported these improvements. Had CARs 602.13 been in effect during 
this period of infi-astmcture development, we would not have been able to make many of these 
improvements for fear of placing ourselves in non-compliance. 

Conclusion 

The officers of ALC Airlift have always understood that the air carrier operator and its crew bear 
all the responsibility for establishing and maintaining safe flight operations while exercising their 
authority to land and take-off within built-up areas for the purpose of saving a human life. 
CARs 602.13 attempts to limit that responsibility by prohibiting our use of safe but uncertified 
"set apart" landing areas. Unless Transport Canada is willing to provide the resources necessary 
to bring every helipad in Alberta to certification standards, we feel strongly that the 
responsibility for determining how to save lives in the safest and most cost effective manner 
possible should remain with us, the operator. 

Yours trulv. 

Robert Toews 
Operations Manager & Chief Pilot 
ALC Airlift Canada Inc. 



December 10, 1996 

Mr. Harvey Laydan 
Direcror General 
Civil Aviation - Aerodrom Standards 
Place De Ville AARY 
350 Spark Street 
0 t~awa, 0 ntario 
KIA ON8 

Re: The impact of C m  602.13 para. (2)(a) on air sahry and life saving operations. 

Dear .Mr. Laydm: 

Thank you for including me and ALC .4irlifi's counsel. Mr. Greg Wells. in your teleconference 
this afternoon regarding Gas 603.13. I appreciare your efforts and those of your staff to neip 
find solutions to the compliance problem this reguiation has created for us. 

CARs 603.13 para. (?)(a) negatively impacrs flight safzty. This reguiation prohibits the use of 
uncerrified ;-set apart" landing and take-off areas when conducting lif2-saving flight operztions 
within built-up weas of t o w s  and cities. In contrast, the old Cmadian .Air Regulations and 
A.N.0.s did not place any restrictions on life-saving flight operations that were conducrec! wirhin 
built-up areas other than to require that [hey be conducted without endangering persons or 
property on the ground. 

During the past eleven years, .4LC Airlift has worked with local hospital adminisrrations and 
communiy organizations to develop safe landing and rake-off areas within Alberta and British 
Columbia rowns and cities in supporr of the Alberta Shock Trauma Air Rescue Society (STARS) 
helicopter critical care air transport operation. These site developments have improved tlight 
safety while exceeding the requirements of the exisring re_eulations. They were made without 
the direct financial support of either Transport Canada or the Alberta and British Columbia 
Governments. During our eleven yean of operation in support of STARS, Transpon Canada has 
never indicated, either verbally or in writing, that ALC Airlift was operating within built-up areas 
in an unsafe manner. We also did not receive notification prior w the implementation of the 
CARS on October 10th. 1996 that the regulation affecting life-saving operations would be 
changed so significantly. 



CARS 603.13 para. (2)(a) prohibits us fiom landing or taking-off at a safe "set apart" area while 
aliowing io iise an undeveloped and non-designated site at the same locarion. The officers of 
ALC h i l i f t  and STARS believe that this unacceptably compromises safe flight operations and 
patient care. As a result, we are unable to comply with CARS 603.13 para. (?)(a). I suggest that 
this paragraph be removed fiom the regulations. If Transport Canada believes that life saving 
operations in Canada are being conducted in an unsafe manner due to inadequate regulation, then 
CARS 603.13 should be re-written to clearly indicate how improvements in flight safey are to be 
achieved. Differences in aircraft and crew capabilities should be considered during the revision 
process. Since any changes to the pre-CARS regulation regarding life-saving operations will 
significanriy aiiecr & L C  Airiift and the communities we serve, I request ~hzr  w e  be inc!uded any 
CARAC approval process that deals with this regulation as well as related rev iew of rhe helipon 
design standards. 

Bob Toews 
RW Operations Manager & Chief Pilot . 
CC. 

Mr. Bob Howard, Business & Commercial Aviation. Transport Canada 
Mr. Grezory Wells. Counsel to ALC Airiifi 



December 1 I ,  1996 Bax 1369 
Edmonton. Albena 
Canada T U  2N3 

I 

Northern Alberta Air Ambulance Disparch Centre 
Southern Alberta Air Ambulance Dispatch Centre 

RE: HELICOPTER AIR A M B U L A N C E f R E U  AIR AMBULANCE AND RESCUE 
AIRCRAFT LANDING AT UNCERTIFIEU HOSPITAL LANDING SITES 

Please see the attached lerfer to ALC Airlift Canada lnc concerning Section 602.13 
of the Canadian Aviation Regulations (CARS). 

To operate in accordance with the CARS, ALC Airlifr Canada Inc. must not land at 
uncertified landing sites (excluding scene calls). The only certified heliports within 
rhe ALC Airlift Canada Inc. operational area that we are aware of are: University of  
Albena Hospital: Royal Alexandra Hospital: Rocky Moc~ntain House Hospital: 
L ~ ~ l t b ~ i J y r  R o y i v ~ ~ a l  Huspital; Cta~lbruuk Raylorial tlosplral and rwo SlWS at  Ine 
Foothills Hospital in Calgary. 

The current Chart of Call wiil remain in effect. When coordinating trips for A i C  
Airlift Canada Inc..  lease instruct your Dis~atch staff. to inouire where (and when! 
at the local airport ALC Airlift Canada Inc. would like the local ground ambulance 
to moct thc hcliooptcr. Your ataff ahould then coordinate t h e  ground arnbu1anr;e as 

you would for a fixed wing air ambulance trip. 

Should you or your Dispatch staff become aware that a landing has occurred at an 
uncenjfied size, please complete an Incident Reput 1 arid irrlr~~ediatviy fax ir ro 
Fm~rgency Health Sewices at  (403)-422-0134. Please aleo rocord tho information 

in the  Comments Memo field on the particular D i s p a t ~ t ~  Record on ALAMO. 

Please ensure your disparchers are aware of this direction. 

Elaine Srakiw 
Senior Team Leader 

cc: ALC Airlift Canada Inc. 
Northern and Southern Dispatch Medical Directors 
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December 11, 1996 
10025 J e v e r  Avonus 

Box 1380 

Mr. 60b Towea 

Chief Pilot 
ALC Airlift Canada Inc. 
Ida7 Aviarior Park N.E. 
Box 570 
Calgary, Albena T2E 8M7 

Dear Mr. Towes: 

The Canadian Aviation Regulations (Secrion 602.1 3) prohibits any helicopter pilot, 
including those flying air ambulance, from landing at any location in a built up area 
thar is not a certified helipon. Our discussions wifh Transport Canada and yourself 
over the past few days has confirmed this interpretation of the Regulation. 

As your contract wirh Alberta Health stares that 'the contracror shall comply with 
requirements of ail applicable provincial and federal legislation" (Secrion 2.91, 1 
e.vpect tha t  A1 C: Airtift Canada Inc will abide hy tho ranariian Atfiatinn Roo1 ~iatinnc 

and the terms of our contract for air ambulance. Accordingly, Southern and 
Norrhcrn A I D C ~ Q  A I ~  arnoulanac Dlspaxch hnVC Dccn rcqucsIcd to coorurnsrc 

ground ambulance transportation of the STARS approved medical crew to t h e  
sending hospital (see attached). 

Sincerely, 

PA- &d/& 
Elaine Stakiw 
Senior Team Leader 

cc: Northern Alberta Air Ambulance Dispatch 
Southern Albena Air Ambulance Dispatch 
Northern and Southern Dispatch Medical Directors 



Friirie & Ncrrhern Region 
Civil Aviaticn 

Csnaiie ?izee  
l l D O  - 3 7 0 0  Jasper Avenue 
Zft~onton,  Alberta 
TSJ 4E6 

December 23, 1996 

!z!z. 3ob Taows 
. P .ALL -Pllzl:2t c231223 : ? L C .  

Bcx 5 6 2  
14.11 ,..vFttLcr, Park NE, 
C a l g a r y ,  Albert a. 
T2E dl.T.17 

Gear S i r :  

Re: Exemptron to Canadian Aviation Regulation 602.13(1) 

- 
r r 1 F - i  - -- ~ - . e r  to your-  eel-ephone c c ; : ~ ~ : ~ r ~ - l r i o n  = h i s  Oate  ;ILL:? o;:r >io=n 
Fuff  i ~ t ,  R ~ g l - 3 x 1  %nager, A v i a t ~ c r .  ZnZorcexenc. 

?lease find enc! osed the raquez te.5 Ex+r.?ricn tc Canadiac Aoiat isn 
',-.*. 7 -, , -  , 3 t ~ ~ L ; t i c r .  = _ L .  _ - . _ .  er.k a E:ZZ>~: s-t.3 c :~?ez=  .;-::i>c =a=rczzi 

used in C h e  d e - u p ~ l ~ , c m e n t  of this exempti-n. 

s h o u l d  ysu require f u r t h e r  i n f e z n a t i o n  o r  assisiance in this 
m a t t e r ,   lease dc no: hesr ta te  ~o c c n t z c c  Mz. " u f f i t ~  direcz 2t 
(493 ,  493 3 4 7 9 .  

Your cooperation and assistance in this m a c t e r  ~s appreciated. 

Y3c .c~  t r u l y ,  

t r d i i e  b X o r C h c r n  Aegicn 
E-~TOA t o n  

c c :  Don S p r c s t z n  - Ottaua 
Franz 9.einhzrdt  - Otrawa 
Scctt Broughton - Winnipeq 
Cathy Fletcher - Edrncnton 
"red C'*%LCG - Edmonton 
2 i m  Stewart - Lli nn ipeg  
3 a r ~ ; ~ y  -.-- 5aydcx - Oitzwa 



Exemption to Canadian Aviation Regulation 602. .13 (I ) 

The purpose of this exemption is to allow persons employed by ALC Airlift 
Canada Inc. while involved in Emergency Medical Services to conduct take-offs, 
approaches and landings within the bu~lt-up areas of cities or towns at a place 
that is not located at an airport or military aerodrome. and where the place is set 
apart for the operat~on of aircraft. 

Pursuant to subsect~on 5.9.(2) of the Aeronautics Act, I hereby exempt oersons 
employed by A!.C Airlift Canada Inc. while involved in operating helicopters on 
Emergency Medical Senrice Flights, from the requirements of subsection 
602.13(1) of the Canadran Aviation Regulations. 

This exemption is granted, subject to the following conditions 

a) the aircraft is operated for the purpose of saving a human life; 
b) the aircraft is operated without creating a hazard to persons or property 

on the surface; 
C) the aircraft lands or takes off at 3 place that has been previously set 
apart for t h e  operation of aircraft; and 
d) the flight 1s conducted using a twin engine hei~copter operated by at 
least one p.lot that has previous experience operating into the place and - ... 
I Ism:! !a! wiin cne c3k1=si2 e.?\:ircn~er,t. 

l'hrs exempt~on is rn effect until the earlier of. 

a) June 301h, 1997;or 

b) the date on which this exemption is canceled in writing by t he  Minister, where 
he is of the opinion it IS no longer in the public interest. or it is likely to have 
an adverse effect on aviation safety. 

Dated at Edmonton, this 23 day of 1996, an behalf of the 
Minister of Transport. 

 ding Reg~onal Director, Civil Aviation 
Prairie 8 Northern Reg~on 
Edmonton 



Rational used in the development of the exemption 

The requirement for operators to use certified heliports within the built up areas 
of cities and towns was implemented to mandate an acceptable level of safety 
for helicopter operations. The new CARS were amended to clar~fy that the 
exemption to allow emergency operations for the purpose of life saving, or police 
operations was not to apply to planned operations to a place. 

It is reasonable to ex~ect  that cornmun~ties w k r e  t h s s ~  cpera!i-.ns 2.c 
condulec' and passengers cr patlents being transported. ar2 afforded a 
consistent standard of safety. Certification of thesr sites ensures that the 
minimum safety parameters are met. However, interpretation of the exemption 
for emergency operations has resulted in the lack of application of these 
standards at helipo! ts and helipads located principally at hospitals, 

Due to the large number of the existing helipads and heliports in Alberta used 
under these conditions that are presently uncertified. i t  is not reasonable to 
expect that the task or evaluation and certification can be accomplished 
immediately. At the same time, we do not wish to prohibtt operators from 
conducting their important business of patient transport 

To accomplish the goal of certifying Emergency Medical Service helioorts within 
buiit up areas whiie aiiowing operarors to continua bus~ness, an interim 
exemption to the CAR requirement IS authorized. This will apply to persons 
employed by ALC Airlift Canada Inc. while involved in Emergency Medical 
Services where their operation requires them to take off, approach and land 
within the built up areas of cities and towns, to a placa set aside for the 
operation of aircrart. 

The exemption will have a validity per~od of approximately six months, ending 
June 30th, 1S97. By that date, Emergency Medical Service heliports requiring 
conification must be in compliance with the regulation. 
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10025 J~sger  Avenue 

Boa 1360 
Egrnonton, hlbem 
Cdnaca 75J ZN3 

December 23, 1996 

Chief Executive Officers, ~ ~ g i o n a l  Healrh Au:horities 
Air Ambulance Dispatch Cenrres 
Air Ambulance D i s ~ a t c h  Cenlte Medical Direc~ors 

Effective December 23, 1996 Transport Canada has issued a temporary exemption 
to ALC Ajrlifr Canada In=. and their piiors from Canadian Avia~ion Regularions 
Section 602.1 3 (1 ) .  

This allows persons employed by ALC Air l ih Canada Inc. while involved in 
Emergency Medical Services ro conduct take-offs, approaches and landings within 
the builr-up areas of  cities or towns and ai  a place that is nor located ar an airpon 
or military aerodrome, and where t h e  place is set aparT for t h e  operation of the 
aircrafi. The  exemption was granted, subjec~ To rhe following: 
a )  rhe aircrafr is operared for r h e  purpose of saving a human life; 
b) rhe aircraft is operated wi thou~  crearing a hazard to persons or properxy on rhe 
surface; 
C )  the air~rafT lands or takes off a1 a place rhar has been previously ser apart for 
r h e  operation of rhe aircraft; and 
d )  rhe flight is conducted using a twin engine heiicopter operated by a t  least one 
pilor that  has previous c~e fa t ing  inic rhe place and  is familiar with t h e  
obstacle environment. 

The exemprion is effective unril June 30. 1997 or unril such rime as it is cancelled 
by the Minisrer of  Transporn 

In rheir rarional to rhe exemption. Transporr Canada srated :hat: 

Ir is reasonable to exoect that communities where these (air 
ambulance) operations are conducted and passengers or parienfs 
being transported, arc afforded a c o n s i s ~ e n ~  standard of safety. 
Cerrifica;lon o f  rhese sites ensures rhar ?he minimum safery 
paramerers are met. Sowever, interpre:arion of the exemprion for 
emergency operadons has resulted in rr.2 iack of appiicatjon of these 
srandards ar helipofls Jr helipads l0caiac principally ar hospi?als. 
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They funher stated that: 

The exemption will have a validity period of approximazely six 
months, ending June 30, 1997. By that date, Emergency Medicaf 
Swice  hellparts rcquihhg c~~/ f tcat ion  must be in compliance with the 
reg& tion if tajics added). 

If you have any queitions or cornmems. @ease a l l  Mr. Norm Muma ~ c t i n g  
bgiond Direemr, Civil Aviadon, Transport Canada at (403) 4%-3479* 



Transport Transports I* Canada Canada 

Transport Canada - Civil Aviation 
Aerodrome Safety 
Prairie and Northern Region 
1 100 Canada Place, 9700 Jasper Avenue 
Edmonton, Alberta T5J 4E6 

June 20,1997 

Alberta Shock Trauma Air Rescue Society 
1441 -Aviation Park NE 
Box 570 
Calgary AB T2E 8M7 

Attention: Mr. Bob Toews, Chief Pilot 

Dear Sir: 

Re: Helicopter Landing Sites 

The attached list indicates those heliports that are certified or have received interim certification. 
Also on the list are Hospitals and Health Care Centres that have been inspected and are 
deemed not to be in a built up area of a city or town or, because of very infrequent use, come 
under 602.1 3 (2). 

If you have any questions regarding this matter, please feel free to contact our office at 
(403)495-3850 or fax at (403)495-5190. 

Yours truly, 

C. M. Fletcher 
Superintendent, 
Aerodrome Safety 

encl. 



CERTIFIED SITES 

Banff Park Warden Hospital 
Black Diamond 
Fort Saskatchewan 
Grand Prairie 
Three Hills 

CERTIFlCATION NOT REQUIRED 

Athabasca Ponoka (behind hospital only) 
Bashaw Raymond (northeast side only) 
Bow Island Redwater (northwest area only) 
Canmore Smoky Lake 
Cardston Trochu 
Didsbury Two Hills (behind hospital only) 
Drumheller Vegreville (behind hospital only) 
Fort McLeod Vulcan 
Hanna (behind hospital only) Westlock 
Magrath Wetaskiwin 
Milk River 



ALC 
AIRLIFT CANADA INC. 

June 24, 1997 

Mr. Roger Beebe 
Regional Director 
Civil Aviation 
Prairie and Northern Region 
l 1 th Floor, 9700 Jasper Avenue 
Edmonton, Alberta 
T5J 4E6 

Re: Interpretation of CAR 602.1 3. 

Dear Mr. Beebe: 

As a result of recent discussions with Transport Canada, we understand that it is not the intent 
of CAR 602.13 to prevent Air Operators fkom saving a human life. We also understand that 
Transport Canada expects operators of ground facilities that are located within built-up areas of 
cities or towns and used for repetitive air ambulance flights to certify these sites in compliance 
with Transport Canada regulations and standards. 

Based on these understandings, ALC Airlift Canada Inc. will, following the June 30th expiration 
of our conditional exemption to CAR 602.13 : 

1. Continue to perform emergency response air rescues of persons whose lives are at 
risk at sites where air operations can be conducted safely without endangering 
persons or property on the ground; 

2. Deliver at-risk persons for Me-saving treatment to Transport Canada certified 
heliports at tertiary or regional heahh care centres; 

3. Work with local and regional health care and Transport Canada authorities to im- 
prove and certify landing sites that are located within the built-up area of cities 
and towns and used for repetitive helicopter air ambulance operations. 

Yours truly, 

Bob Toews 
Operations Manager & Chief Pilot 

Box 560 - 1441 Aviation Park N.E. Calgary, Alberta T2E 8M7 Phone: (403) 295-181 1 Fax: (403) 274-3323 
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ALC 
AIRLIFT CANADA INC. 

June 30,1997 

Alberta Health Care Regions 

Re: S.T. A.R. S. life-saving operations. 

Dear Sir: 

For the past six months ALC Airlift helicopters flying for S.T.A. R.S. have been operating under 
a conditional exemption to Canadian Air Regulation 602.13. As you may be aware, this regula- 
tion permits life-saving flights to land and take-off within the built-up areas of cities or towns 
provided the site is not a helipad or other area that has been "set-apart" for the use of aircraft. If 
it is, the helipad or set apart area should be inspected and certified by Transport Canada. CAR 
602.13 was implemented last fall as part of a complete over-haul of the Canadian aviation regula- 
tory system. Since the begrnning of the new year, Transport Canada Inspectors have assessed 
existing hospital heli-pads in your Region and should have submitted their site certification rec- 
ommendations to you. 

Unfortunately, most of the hospital helipads S.T.A.R.S. flies to in Alberta wi-ll not have been cer- 
tified by the time our exemption expires on June 30th, 1997. As a result, we have been working 
with Transpon Canada officials to arrive at an interpretat ion of CAR 602.1 3 which will: 

1. allow ALC Airlift and STARS to continue to perform emergency response air res- 
cues of persons whose lives are at risk at landing sites located within the built-up 
areas of cities or towns provided that we perform such rescues safely and without 
endangering the lives of persons on the ground; and 

2. ensure that certification work will be completed for landing sites that are used for 
repetitive air ambulance operations. 

General agreement in principle was achieved regarding these objectives at a recent meeting be- 
tween ALC Airlift, STARS, and Transport Canada oficials. Mr. Harvey Layden, Director Gen- 
eral of Aerodrome Safety for Canada, and Mr. Roger Beebe, Director of Civil Aviation for the 
Western Region both attended this meeting. We have corresponded with the Western Region 
summarizing our understanding of the regulation. We will cease all operations to "set-apart" 

Box 560 - 1441 Aviation Park N.E. Calgary, Alberta T2E 8M7 Phone: (403) 295-l8t 1 Fax: (403) 274-3323 



landing sites, regardless of urgency, if Transport Canada's Western Region informs us in writing 
that our compliance procedures are unsatisfactory. 

S.T.A.R.S. helicopters will continue to land at uncertified hospital helipads in your Region after 
June 3Oth, 1997, in compliance with our understanding of the regulations, if we are advised by 
our medical persomel that the emergency is of a time-critical, life-threatening nature. We wil l  
land at an alternate site outside of the built-up area or at a nearby airport if the patient's 1 ife will 
not be further jeopardized by the resulting transfer delays. 

This intention does not diminish the need to proceed with certification efforts. Please ensure that 
your officials are doing everything possible to comply with Transport Canada requirements for 
those sites in your Region that require certification. My staff and I will be happy to review the 
Transport Canada recommendations for your sites or to provide whatever other assistance we 
can. 

Yours truly, 

Bob Toews 
Operations Manager & Chief Pilot 



Civil Aviation Aviaion civik 
Prairie and Northcm Region Rtgion dcs prairics e t  du nard 

Aerodrome Ssfety 
1 1 00 - 9700 Jasper Avcnue Yatrrilc voirr~fircace 

Edmonton, Alberta TSJ 4E6 
Our file Notre r e l - n a  

SA 5151- 3 (RAEM) 

October 9, 1997 

Mr. Bob Toews 
Chief Piiot 
ALC Airlift Canada Inc. 
1441 Aviation Park N.E. 
Box 570 
Calgary, Albem ME 8M7 

._ ._ +... ..*.-.- - . .  - 1  - . -  - . - . _ . - - . .  

Dear Sir: 

post-ir Fax Note 7671 
L 

To / Ak /w 
C0JCkpT. A1 r 
none r qc3. 225. 
'"" 943. ~a f89/ 

Mr. Roger Beebc, Regional Director of Civil Aviation, has asked that I write to you. 

Dg *a , 
PMY? 1p-g -3 

,kdmendch- 
CQ. 

Phom 0 Yoj .  995.3 854 , 

%3. yfi-. 5/90 

It has come to our artention that two of your aircraft have been operating into uncertified sites sa 
apart for the operation of aircraft and which have been identified by this office as being within 
built-up areas. A list of the dates and times of these operations is enclosed. These operations 
may constitute violations of Canadian Aviation Regulations 602.13 and may be refemd to our 
Enforcement Branch for investigation. 

i 

In our conversation with Mr. Beebe, and his subsequent letter of July 7, 1 997 you wrre advised 
of your requirements to comply with CAR 602.13. bxing that conversation you agreed that any 
landing conducted into an uncertified site within a built-up area would be followed immediately 
by a report &om yourself to this ofice detailing the c t c u m s t ~ c e s  necessitating such action. To 
dare no such reports have been received. 

Your h n e n  mponsc to this manet is requested no later than October 24, 1997. 

Yours truly, 

C.M. (Kate) Fletcher 
Superintendent 
Aerodrome ssfety 

cc STARS Board of Directors 
Encl. 







Tr;ursportJ 
Canada 

Civil Aviation Aviation civile 
Prairie and Nonhcm Region Ktgion dcs prairies ct du nord 

1100 - 9700 Jaspe~ Avenue 
Edmonton, AIbcrta TSJ 4E6 

October 29,1997 

T o n  I;lc Vonc 

Our file M r c  ON- 

5151- 3 W M )  
5258-5699 (RAEM) 

DOUBLE REGISTERED 

Mr- Bob Toews 
Chief Pilot 
ALC Airlift Canada Inc. 
1441 Aviation Park N.E. 
Box 570 
Calgary. Albc~ta T2E 8M7 

Dear Sir: 

RE: Canadian Aviation Rtmlations 602.13 - Owrations Into Uncertified Heliuom 

Thank you for your letter of October 16, 1997 responding to Ms. Fletcher's letter. 
After careful review of your submissions I believe it is necessary that we clarify this 
matter in writing. 

It is and has been Transport Canada's expectation that ALC Airlift Canada Inc. and 
STARS comply with Canadian Aviation Regulations 602.1 3. The only exceptions are 
stated in the Exemption to Canadian Aviation Regulations 602.13(1) issued on behalf 
of the Minister of Transport on June 27.1997 which allows pmons employed by ALC 
Airlift Canada Inc. to opcratt into Barrhead, Brooks, Lamont. OIL ,  Pincher Creek, 
Rimbey, Stcttla, and Stratbore. (Clareshohn is cuncntly being added to &is list.) 
That Exemption is valid until December 1, 1997 and oniy whcn operations are in 
accordance with the conditions stated therein. 

Having said this, it has never been Transport Canada's intent to prevent an operator 
6om saving a lift. Canadian law docs not expect a person to cause the loss of human 
life in an effort to rigidly comply with a regulation. In Canada a person who does an 
illegal act to prevent a more serious result may raise the defence of necessity. There 
are several conditions. An accused person must show that the act was done to avoid a 
greater evil; there must have been no alternative; and the illegal act must not have been 
more than necessary to avoid the evil. Therefore should one of your pilots deem that a 
landing at an uncenified helipad within a built-up area is necessary to save a human 
life. that puson wuld have available to him the defense of necessity. Such a defense 
would be consided by the body investigating the possibk violation of the Canadian 



Aviation Rcylations. You are d n d c d  that such a defense may only apply to that 
portion of a flight which delivers an acute care patient to a hospital. 

i t  was for these reasons I previously requested you submit a written repott should one 
of your crews deem it necessary to operate in violation of CAR 602.13(1). Although 
there is no requirement to file such a report prior to an investigation, such action may 
alleviate an unnecessary investigation by our Enforcement Branch. You should file 
such a report to Mr. Jim Stewart, Regional Manager, Commercial and Business 
Aviation. Winnipeg. 

In summation, should tihis officc h o m e  aware of any operations by ALC ~ i r l i f t  
Canada Inc. which may be in contravention of Canadian Aviation Regulations 
602.13(1) that information will be f o w d c d  to our Enforcement Braach far 
investigation and action as appropriate. 

You will ncte that I am copying your Board of Dimtors with my correspondence. It is 
our practice to copy senior company officials (Chief Executive Officers, Board 
Director etc.) of correspondence of this nature. It is my understanding from our 
meeting in Calgary with your Board of Dimtors that your Board wished to be kept 
apprised of our conespondence. Should your Board of Directors no longer wish to be 
copied please advise me which senior official should receive copies of our 
correspondence. 

I f  you wish to discuss any W e r  issues, I would be pleased to meet with you. Please 
contact my office at 403.495.2524 to arrange a anvenient time. 

Regional Director, Civil Aviation 
Prairie & Northern Region - Edmonton 

cc STARS Board of Directors 
Scott Broughton. Rcgional Dkctor Gentd. Prairie and Northern Region 
Don Spruston, Dimtor General, Civil Aviation 
Jim Stewart. Regional Manager, Commercial & Business Aviation 
Art La Flamme, Director Commercial & Business  viat ti on 
Norm Main, Regional Manager, Morumcnt 
Hatvey Layden, Director, Aerodrome Safety 



ALC 
AIRLIFT CANADA INC. 

December 9, 1997 

Robert Sincennes 
CARAC Secretariat 

. Transport Canada 
Tower C AAFtF3I.I 
330 Spark Street 
Ottawa, Ontario 
KIA ON8 
Fax 613-990-1198 

Re: Review of CAR 602.13 

Dear Mr. Sincennes: 

CAR 602.13 pennits life-saving flights to land within the built-up area of a city or town provided 
that the flight operation is not conducted to an area "set apart for the use of aircraft." This 
restriction did not exist under Air Regulation 534. ALC Airlift and the Alberta Shock Trauma 
Air Rescue Society (STARS) request that this restriction be removed from CAR 602.13 for the 
following reasons: 

1. Imoediment to Life-Saving: For a helicopter to be used effectively for life-saving, it must 
be able to land as closely as possible to the critically ill or injured patient. Landing areas 
should be located within a shon walking distance of the hospital critical care or emergency 
area. Most of the rural hospital helipads in use in Alberta and South-eastem B.C. are 
uncertified. Any regulatory requirement that prevents a pilot fiom using these landing 
areas in favour of a "legal" site away fiom the hospital will: 

a) significantly increase the total patient transfer time. A ground ambulance transfer 
fiom a hospital emergency room to a helicopter air ambulance will add at least i 5 
minutes to the patient's out-of-hospital time, even over a relatively short transfer 
distance. For many pat iems with tirne.de pendent and life-threatening injuries or 
illnesses this increase in transfer time will significantly affect their outcomes. 

b) expose the patient to the destabilizing effects of multiple transfers. Each transfer 
fiom vehicle to vehicle requires that the patient be moved bodily fiom one 
specialized stretcher to the next. Ground ambulance stretchers and aircraft 
stretchers are not interchangeable. Each transfer can result in destabilizing shocks 
to the patient and dislocations of critical life-support and monitoring equipment. 

Box 560 - 1441 Aviation Park N.E. Calgary, Alberta T 2E 8M7 Phone: (403) 295-1 81 1 Fax: (403) 274-3323 



2. Reduction in Flight Safety: -4 pre-iaspected and prepared landing site (in other words, a 
"set apart area',) is almost always safer than one that is not, particularly for night time 
operations. CAR 602.13 apparently permits operations to any site within a built-up area 
a pilot considers to be safe so long it is not one that has been "set apart" for his landing. 
The prohibition against using the safer "set apart" area reduces fight safety and increases 
the risk to aircraft occupants and persons on the ground. 

3. Increased Costs: The apparent intent of this regulatory change was to compel facility 
operators to certify helipads that are located within the built up areas of cities and towns, 
regardless of the frequency of use or the urgency of the life-saving mission. While this 
change may be well-intentioned, it has not only placed lives in jeopardy, but it has 
imposed si&cant costs on the public. In Alberta and south-eastern B.C. alone, these 
costs over a two-year period may be estimated as follows: 

a) Direct certification costs (40 sites @ $50,000 ea): $2,000,000 

b) Increased regulatory costs 
1 additional Aerodrome Safety inspector: 
Overtime and other site inspection expenses: 

c) Increased management costs for STARS: 50,000 

Total: $2,220,000 

4. Lack of Consultation: CAR 602.13 was deemed to be a "clarification" of Air Regulation 
534. The impact that this change would have on industry and the public was also 
expected to be minor. As a result, a Regulatory Impact Analysis Study (RIAS) was not 
completed for CAR 602.13 nor were the industry segments that would be most affected 
by it consulted or warned of its impending implementation. No notice was made of CAR 
602.13 in the Canada Gazette I. Lndustry should have been consulted and an RIAS 
completed for the following reasons: 

a) A plain language reading of Air Regulation 534 does not reveal any intent to 
restrict life-saving flights by prohibiting landings at pre-inspected and prepared 
landing sites. The restriction against landing at a "set apart areay' contained in 
CAR 602.13 is new. It was not contained or implied by any pre-existing 
regulation; 

b) The imposition of a cost of $2.2 M (estimated) over a two year period on the 
supporters and users of the STARS service constitutes a major impact for at least 
one segment of the Canadian public. Should STARS, or critical care helicopter air 
rescue systems like it, continue to expand operations across Canada, these costs 
will multiply. CAR 602.13 should be considered to be a major regulatory change 
because: 

i) the long-tenn cost across Canada could reach or exceed $50 M; and 



ii) public acceptance of this regulatory change is low. On several occasions 
this past year the Alberta public has become aware that a patient's life 
may have been placed in jeopardy due to the restriction imposed by CAR 
602.13 on STARS' Me-saving operations. In each case, the public voiced 
its concern and distress over this regulatory change. 

5. La& of Justification: STARS and ALC Airlift have performed air rescues of life- 
threatened patients at accident scenes and hospitals, day and night, for over 12 years 
without an accident or injury. The Canadian dedicated helicopter air ambulance industry 
as a whole has operated without an accident for over 20 years. No third parties have been 
injured. Canadian air ambulance operators and their Transport Canada inspectors appear 
to have done a good job of managing risk and serving the public. Any regulatory 
restriction that mandates certification of all hospital helipads is probably not justified 
because: 

a) it redirects a significant portion of scarce resources away Eom other investments 
that may be of greater benefit to flight safety. As many as one half of the STARS 
life-saving missions involve "scene" accident calls where the landing and take-off 
are made at a temporary emergency site. Large expenditures on heliport 
certification work does nothing to improve safety for these flights. Other 
operational or capital investments which could have a greater impact on over-all 
flight safety include: 

i) two-pilot crew; 

ii) aircraft with better single-engine performance; 

iii) more powerful aircraft search lights; 

iv) better crew training including the use of aircraft flight simulators; 

v) WSPS (Wire Strike Protection System). 

b) the safety and accident analysis studies used by Transport Canada may not be 
applicable. Most of the relevant studies available have been completed by the 
FAA. The methodologies used in these studies may be flawed and have already 
come under criticism from members of the American helicopter air ambulance 
industry. Even if their methodologies are sound, it is questionable whether the 
results of these studies can be easily transferred to Canada. 

c) the cost-benefit ratio for low-utilization sites is too high. Many of the sites 
STARS serves are used 6 or fewer times per year. The risk to the public is low 
while the cost per patient saved is significant. 

6. Inconsistency: The prohibition against life-saving contained in CAR 602.13 is 
inconsistent with Transport Canada's stated intentions and practices. It is also 
inconsistent with American regulatory practice. 



7. Lack of Fairness: It has been unfair of Transport Canada to allow helicopter air 
ambulance operators to save lives in the safest and most effective manner possible while 
at the same time it condemns such actions in the regulations. It has also been unfair of 
Transport Canada to implement a regulation: 

a) which diminishes fight safety and puts patient's lives at greater risk while it threatens 
to take enforcement action against operators for non-compliance; 

b) without providing a reasonable compliance period. In the case of Alberta and South- 
eastern B.C. it will take the better part of two years to complete the certification 
process for all of the sites that are affected. 

C) that has significant regional and sectoral impacts without consulting either the affected 
industry and its users, or the other levels of government that are expected to carry the 
entire cost of the change. 

I may be contacted regarding this submission by mail at the address above, or by the following 
electronic means: 

Voice: 

Fax: 

E-mail: toewsr@cadvision. corn 

Yours truly, 

Bob Toews 
Operations Manager & Chief Pilot 
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STARS 
p+$z$l Alberta Shock Trauma Air Rescue Society 

February 5, 1998 

The Editor 
The Globe and Mail 
Toronto 
Fax 416-585-5085 

Re: Hospital Landing Pads Unsafe 

Dear Sir/Madame: 

Thank you for the interest your journalists have shown in the hospital certificaticn effons which 
are underway in Alberta. As Senior Aviation Manger for the Shock Trauma Pur Rescue Society 
(STARS), I would like to correct the impression given that the uncertified helipads in Alberta are 
unsafe. STARS has saved lives at numerous uncertified landing sites throughout Alberta and 
South-eastem British Columbia during the past 12 years without incident or accident. Transport 
Canada inspectors and Senior Managers have always supported our life saving activities and 
continue to be satisfied with the safety standards set by the STARS organization. 

Transport Canada heliport design standards set a minimum safety level for unrestricted, public- 
use heliports. For life-saving flights, our pilots may land at uncertified landing sites within towns 
and cities provided that they do so safely. STARS helicopters are equipped with twin engines, 
redundant safety systems, and high powered landing lights. They are operated by two well 
qualified pilots who are specially trained for Emergency Medical Service air rescue work. A high 
standard of flight safety is maintained even when the landing sites used do not meet the published 
Transport Canada design standards. 

STARS fully suppons the hospital heliport cenification process and Transport Canada's intent 
to improve system safety in our operational area. We are working with Transport Canada 
inspectors and local operating authorities in support of their efforts to upgrade existing sites. We 
also remain committed to saving lives in the safest and most effective manner possible while this 
work continues. 

Yours truly, 

Bob Toews 
Operations Manager & Chief Pilot 
STARSiALC Airlift Rotary Wing 
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7.1 -3 Mission Dsta 

No of STARS Missions to Rural & Regional Hospitals 

December 1, 1985 - December 31, 1 9 9 7 

Athabaska 
Banff 
Barrhead 
Bashaw 
Bassano 
Blairmore 
BonnyvilIe 
Bow Island 
Boyle 
Breton 
Brooks 
Camrose 
Canmore 
Cardston 
Castor 
Clareshoim 
Coaldale 
Cold Lake 
Conso~-t 
Coronation 
Cranbrook 
Days land 
Devon 
Didsbury 
Drayton Valley 
Drumheller 
Eckville 
Edson 
Elk Point 
Elkford 

Elnora 10 
Empress 1 
Fernie 26 
Fort Macleod 35 
Fort Saskatchewan 31 
Gleichen 3 
Glendon - 7 
Golden 31 
Hanna 79 
H ardis ty I2 
High River 47 
Innisfail 44 
Invermere 66 
Killam 12 
Lac La Biche 12 
Lacombe 9 
Lamont 29 
Leduc 26 
Lethbridge 265 
Lloydminster 32 
Mannville 18 
Mayert horpe 14 
Medicine Hat 63 
Mundare 3 
Olds 87 
Oyen 23 
Pincher Creek 160 
Ponoka 35 
Raymond 5 
Red Deer 209 

Redwater 
Rimby 
Rocky Mtn House 
Rockyview 
Smokey Lake 
Sparwood 
St. Albert 
St. Paul 
Stettler 
Stony Plain 
Strathmore 
Sundre 
Swan Hills 
Taber 
Three Hills 
To field 
Trochu 
Two Hills 
Vegreville 
Vermillion 
Viking 
Vilna 
Vulcan 
Wainwright 
Westlock 
Wetaskiwin 
Whitecourt 
Willing don 
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7.1.4 Rural Helipads Used by STARS 
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5.2 Elongated F A T 0  
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Foothills Hospital Front Helipad Site Selection 
Proposal 1 
Note: OLS Confllcl wlth Heellh Sclences Centre, Grace Hospital and Parkade 

'a 
Universlly of Calgary 
Health Sclences Centre 

Foothills Hospltal Meln Tower 

Parkade 
Qrace Hospltel for Women 

South Approach/Departure Path 



b 

Unlverslty of Calgary 
ealth Sclences Centre 

Foothills Hoeptlal Main Tower 

Grace Hoapitel for Women 

South Approach/Departure Path 

Foothills Hospital Front Helipad Site Selection 
Proposal 2 
Note: OLS conflict with Health Sclences Bldg Parkede 



L 

Q, 
Unlverslty of Calgary 

Foothills Hospital Main Tower 

South Approach/Departure Path 

Foothills Hospital Front Helipad Site Selection 
Proposal Final 
Note: Best sitlng for OLS clearance 81 proximity to Trauma 

I 
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7.1.5 Foothills Hospital Front Heliport 
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7.2 Appendix 8 - Regulations & Standards 



Aviation Risk Reaulation A ~ ~ e n d i x e s  

7.2.1 Air Regulation 5 3 4  



527. When two aircraft are approaching head-on or approximately so and there is 
dvlger of collision, the pilot of each aircraft shall alter the heading of his aircraft to the right 

528. An aircraft that is being overtaken has the right-of-way and the overtaking 
aircraft, whether climbing, descending or in horizontal flight, shall keep out of the way of the other 
aircraft by altering irs heading to the right and no subsequent change in the relative positions of the 
two aircraft shall absolve the overtaking aircraft from the obligation so to alter its heading until it 
has entirely passed and is clear of the other aircraft. 

529. Where an aircraft is in flight or manoeuvring on the ground or water, the pilot- 
in-command shall give way to other aircraft landing or about to land. 

530. (1) Where two or more power-driven heavier-than-air aircraft are approaching an 
aerodrome for rhe purpose sf landing. the pilot-in-command of the drcraft at the higher altitude 
shall give way to aircraft at the lower altitude, but the pilot-in-command of the latter shall not take 
advantage of h i s  requirement to manoeuvre in front of or to ovenake another aircraft that is about 
to land. 

(2) Where two or more motorless heavier-than-air aircraft are approaching an 
aerodrome for the purpose of landing, the pilot-in-command of the aircraft at the higher altitude 
shall give way ro aircraft at the lower altitude, but the pilot-in-command of the latter shall not take 
advantage of this requirement to manoeuvre in front of or to overtake another aircraft that is about 
to land. 

(3) Where a power-driven heavier-than-air aircraft and a motorless heavier-than-air 
aircraft are approaching an aerodrome for the purpose of landing, the pilot-in-command of the 
power-driven heavier-than-air aircraft shall give way to the motoriess heavier-than-air aircraft. 

53 1. No person shall take off or attempt to take off in an aircraft until such time as 
there is no apparent risk of collision with any othei aircraft. 

532. Where the pilot-in-command of an aircraft is aware that another aircraft is 
compelled to land, he shall give way to that orher aircraft. 

. 
533. Repealed. I 
534. (1) In this section, 
"police authority" means the Royal Canadian Mounted Police. Ontario Provincial Police. SQrett! du 

Quebec, Canadian Coast Guard or any municipal or regional police force established 
pursuant to provincial or territorial legislation; and 

Amendment No. 7 
94- 10- 14 



"special purpose operation" means an operation in which 
(a) an aircraft is flown for the purpose of spraying, dusting, seeding, crop 

fertilizing, inspection of crops or livestock, pipeline or powerline patrolling, or 
any operation of a similar nature, rotorcraft external load operations, pilot 
training conducted by or under the supervision of a qualified flight instructor, or 

(b) a commercid aircraft is flown for the purposes of the execution, by an air 
carrier, of aerial photography, aerial survey, or any operation of a similar 
nature. (travail airien spicialise3 

(2) Except as provided in subsections (4), (5) and (6), or except in accordance with 
an authorization issued by the Minister, unless he is taking off, landing or attempting to land, no 
person shall fly an aircraft 

(a) over the built-up are3 of any city, town or other settlement or over any open air 
assembly of persons except at an altitude that will permit, in the event of an 
emergency, the landing of the aircraft without creating a hazard to persons or 
property on the surface of the eanh, and such altitude shall not in any case be 
less than 1,000 feet above the highest obstacle within a radius of 2.000 feet 
from the aircraft; or 

(b) elsewhere than over the built-up area of any city, town or other settlement or 
over any open air assembly of persons at an altitude less than 500 feet above the 
highest obstacle within a radius of 500 feet from the aircraft. 

(3) For the purposes of subsection (2), an aircraft shall be deemed to be over the 
built-up area of any city, town or other settlement or over any open air assembly of persons where 
that built-up area or open air assembly of persons is within a radius of 2.000 feet from the aircraft. 

(4) A person may fly an aircraft at an altitude lower than those specified in 
subsection (2). but not lower than is necessary for the purpose of the operation in which the 
aircraft is engaged, where the flight is conducted without creating a hazard to persons or propeny 
on the surface of the earth, and 

(a) the aircraft is operated in the service of a police authority within the geographic 
jurisdiction of the government that established that police authority; 

(b) the flight is necessary for the purpose of saving human life; 
(c) the aircraft is flown for firefighting or air ambulance operations; 
(d) the flight is conducted under the authority of the Minister of Fisheries and 

Oceans for the purpose of the administration of the Fisheries Act or the Coastal 
Fisheries Protection Acr; 

(e) the flight is conducted under the authority of the Minister, as defined in Section 
2 of rhe Narional Parks Act, for the purpose of the administration of that Act; or 

(f) the flight is conducred under the authority of the minister responsible for 
provinicai parks in a province for the purpose of the administration of those 
parks. 

Amendment No. 7 
94-10-14 



(5) A person may fly an aircraft at a lower altitude than that specified in paragraph 
(2)(b) where 

(a) the flight is conducted without creating a hazard to persons or property; and 
(b) the aircraft is flown in a special purpose operation of a nature that necessitates 

the flight of the aircraft at such lower altitude. 

(6) A person may, over non populous areas or over open water, fly an aircraft at a 
lower altitude than that specified in paragraph (2)(b) where 

(a) the flight is conducted without creating a hazard to persons or property; and 
(b) except for an aircraft operated in accordance with subsection (4) or (3, the 

aircraft is not flown at a distance less than 500 fret from any person, vessel, 
vehicle or structure. 

(7) Except in accordance with an authorization issued by the Minister, no person 
shall cause any aircraft to take off or attempt to take off from. land on or attempt to Iand on, any 
surface within the built-up area of m y  city or town unless 

(a) that surface is an %on or a military aerodrome; 
(b) the aircraft is operated in the service of a police authority within the geographic 

,judsdiction of the government that established that police authority; or 
., - (z) the take-off or landing is necessary for the purpose of saving human life. 
---.--I 

535. The Minister may make orders with respect to cruising altitudes and altimeter 
settings. 

536. (1) Repealed. I 

(2) Where an aircraft on the water has another aircraft or a vessel on its right, the 
pilot-in-command of the fxst mentioned aircraft shall give way. 

(3) Where an aircraft on the water is approaching another aircraft or a vessel head- 
on, or approximately so, the pilot-in-command of the first mentioned aircraft shall alter its headins 
to the right. 

(4) An aircraft or a vessel on the water that is being ovenaken has the right-of-way 
and the pilot-in-command of the overtaking aircraft shall alter its heading to keep well clear. 

( 5 )  The pilot-in-command of an aircraft landing on or taking off from the water 
shall ensure that the landing or take-off path is clear of all vessels and aircraft. 

537. The Minister may by order 
(a) require any person who intends to commence a flight or who is conducting a 

flight to submit to such persons as may be specified in the order a flight plan, 
flight notification or other information related to the flight and 

Amendment No. 7 
94- 10-14 
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7.2.2 CAR 602.13 



Takedgs, Approuches a d  Lmdings within Buill-up 
Area 4 fities a d  T o m  

h02.13 (1) Except if otherwise permitted under this seetioo, section 603.66 or Part K, no 
penon shall conduct a take-off, approach or landins in an aircmfk within a built-up area of a city 
or towq unless that take-off, approach or lan- is cofiducted at an airpon or a military 
aerodrome. 

(2) A person may conduct a take-otf or landing in an aircraft within a built-up area of a dry or 
town at a place that is not located at an airport or a military aerodrome where 

(a) the place is not set apart for chc operation of aircraft; 

(b) the flight is conducted without creating s hazard to  persons or property on the surface; and 

(c) the aircr3fi is operated 

(i) for the purpose of a police operation that is conducted in the service of a police aurhority, 
or 
(ii) for the purpose of saving human life. 

(3) A puson may conduct a talc-off in a balloon within a built-up area of a city or town from a 
place that is not located at an aiqon or a military aerodrome, where 

(a) permission to use the place as a launch sitc has been obtained £torn the land owner; 

(b) a special aviation event is not being held at that place at the time of take-OR 

(c) no m e n  objection in respect of the use of the place as a launch site has been received by 
the Mioister from a competent land use authority; 

(d) the diameter of the launch sitc is no less than the greater of 

(i) 100 feet, and 

(ii) the geatest dimension of the balloon, be it the length. width or height, plus 25 per cent; 
and 

(e) the takeaofpaint within the launch site is upwind of the highest obstacfe in the take-off path 
by a horizontal diswce quai to the height of that obstacle, and the take-otfis conducted 

(i) using a positive rate of climb to a minimum altitude of 500 feet above the highest obstacle 
located within a horizontal distance of 500 feet &om the balloon, or 

(ii) where the fight path of the balloon is directly over r c s i d d d o r  commucial buildinys or 
over an open-air assembly of persons, using the maurnurn rate of climb possible, ansideria5 
operational and pnrsarger saficty. 
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7.2.3 Airspace Standards 

OBSTACLE LIMI'fATION SURFACES 

FIG- 2-1 * .  

PERSPECTIVE OF TAKE-OFFfAPPROACH AREAS AND SURFACES 
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7.3 Appendix C - Charts and Graphs 
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7.3.1 Height-Velocity Diagrams 



I MBB HELICOPTERS 
FLIGHT MAN?IAL MBB - BU 117 8-1 

1 1 
I HEIGMT-VElOC1TY DIAGRAM I 

Fig. 5 - 7 (Height-velocity diagram) 
h 
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7.3.2 Airspace Test Data 



Figure C3. 
VMC DISTRIBUTION ANALYSIS - ALL AIRCRAFT DATA 

40 Man€€ STRAlOHT IN APPROACHES-CROSSTRACK POSITION VS. BIN RANGE 

Legend 

Indicates Beta distribution range limil 
+ Indkates Gamma distdbulion range limit - - Indicates Normal distribution envelope 1 (a" anvdopes are for 89.99999% probability) 

i - -  lndiites FAA VFR approachldepartuce surlaces 

I 
I 

BIN Range (It) 
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I STARS Alberta operates two Eurocopter BK117 EMS helicopters, one in Calgary 

and one in Edmonton. These two helicopters serve appro.xi.mately 93% of the 

population of Alberta. 

"In 1996, Transport Canada concluded a total revision of the aviation safety 

regulations. The revision incorporates recommendations made by the 

Xloshansky Commission, the 1992-93 Federal Regulatory Review, the Transport 

Canada Aviation Rules Harmonization Project, and the Transportation Safety 

Board of Canada. 

The new regulations are entitled the Canadian Aviation Reguiations, or CARS, 

and are more complete and easier to understand than the old regulations, yet 

will maintain or enhance safety. Developed in consultation with the aviation 

community as part of the Canadian Aviation Regulation Advisory Council 

process, the new regulations exemplify the benefits of the partnership 

approach. 

The CARs were published in Part I of the Canada Gazette in the fall of 1995. As a 

result of the many comments received, significant changes were made prior to 

their publication in Part 11 of the Gazette on Oct. 2, 1996. The new regulations 

came into force Oct. 10, with a 60-day implementation period being granted to 

permit commercial air operators, private operators, flight training units, and 

aircraft maintenance organizations to achieve full compliance. Improvement 

of the CARs continues to be an important facet of the department's civil 

aviation safety program." (Transport Canada WWW:Safety) 

11 I The Dryden crash occurred on March 10, 1989 An Air Ontario F28 crashed 

within seconds of take-off due to wing contamination with snow and ice. 

Twenty-four fatalities resulted including both pilots and one flight attendant. 

Forty-five passengers and crew members sustained injuries, some serious. 

Captain Monvood decided to take-off in heavy snow. Super-cooled fuel in the 

wings caused the wet snow to freeze to the wing upper surfaces. As a result, 

the aircraft could not sustain flight. This decision was the result of cumulative 

factors including, but certainly not limited to, inadequate supervision and 

inspection of Air  Ontario's new jet operation by Transport Canada The 
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-- - 

operator had displayed a general operational disregard for flight safety and 

especially the need for clean wings in the past. The report also notes a lack of 

operational support: 1. no ground start equipment at Dryden plus numerous 

unserviceabilities on the accident aircraft including its auxiliary power unit. 

2. the crew was under pressure from company dispatch to take more 

passengers at Thunder Bay which created the need for a re-fuelling stop at 

Dryden under deteriorating conditions 3. the crew was under implicit pressure 

not to ground plane at Dryden even thought that was the only alternative 

since de-icing could not be completed with engines running and the aircraft 

could not be re-started without its APU. 

Iv Any person who is subject to a designated regulation may submit to the 

designated authority a proposed compliance plan that ... describes how the 

regulatory goals of the designated regulation will be achieved through 

alternatives to the requirements of the regulation: and ... identifies the persons, 

facilities or activities that are subject to the plan and the e.utent to which the 

plan is to be submitted for the designated regulation. Any person who is 

subject to an approved compliance plan may submit to the designated 

authority a proposed change to the plan. (REA) 

Regulations should be classified according to: 

1. their economic impact: 

impact negligible; or 

present costs less than %50million; or 
present value of cost greater than $50rnillion. 

2. Degree of acceptance: 

are there significant policy concerns such as international trade, 

sustainable development, or fairness issues? 

are there public acceptability questions due to particular social/ 

regional/sectoral sensitivities. (Treasury Board of Canada: 

Responsive Regulation in Canada) 

Vl Philip Haner in 'The Political Legitimacy and Judicial Review of Consensual 

Rulesn specifies eight conditions for satisfactory consensual rulemaking: 

1. The interests affected can be adequately represented by an individual or 
organization 
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2. limited no. of interests (no more than 15) should be able to participate at 

any one stage 

3. No single interest should be able to dominate negotiations 

4 Issues should be developed and ripe for decision 

5- I t  should not require any interest to compromise a fundamental value 

6. There should be a number of diverse issues that the participants can 

prioritize 

7. There should be a deadline 

8. The agency must be willing to use the negotiating process to develop its 

regulation (Reid: 108) 

When the power to exempt a regulation is exercised by the Governor i n  

Council, it is to be done in a manner that "...respects the public interest i n  

principles of legality, accessibility and government accountability in making 

regulations ... " (Bill C2S) 

vlii "No person may be convicted of an offence or subjected to a penalty for a 

contravention of a regulation that was not published in accordance with 

Section 10 on or before the date of the alleged contravention, unless it is 

proved on that date ... the person had actual notice of the substance of the 

regulation; or ... reasonable steps had been taken to bring its substance to the 

notice of persons likely to be affected by it." (Bill 0 5 )  

Lord Esher and later quoted and approved of by Lord Atbinson (Driedger:29) 

Lord Dipcock in Duport Steels Ltd. v. Sirs (34) 

There are five commonly accepted rules of construction: 

1. Read the Act as a whole in its entire context in order to ascertain the 

intent of Parliament, object of the Act, and scheme. 

2. Interpret words in their ordinary sense. If they are clear, 

unambiguous and in harmony, then they stand. 

3. If they are not, then they may be given a meaning that best accords 

with the intent, scheme, or object of the Act (provided they are capable 

of bearing the meaning) 



Aviation Risk Regulation EndNotes 

1. If the words are clear and unambiguous but there is disharmony in the 

Act, then an ordinary meaning may be given provided they are capable 

of bearing it. 

5. If the difficulty can not be resolved by referring to the intent , object. 

or scheme, then the most reasonable meaning may be selected. 

(Driedger: 105) 

a! Barratt v. District of North Vancouver, City of Kamloops v. Neilsen, Laurentide 

Motel v. City of Beauport, Just v. British Columbia and Reynolds v. Manolakos 

are several examples of cases where the Canadian Supreme Court has attempted 

to define the policy-operational dichotomy. 

n" In the Queen v. Dudley and Stephens, the justices stated that "the plea of 

necessity loses force - to the vanishing point - with the gravity of the offence 

- and there is clear authority that starvation affords no excuse for murder." 

(Chitty's, 1972:163). Lord Coleridge, C.J. addedthat: 

to preserve one's life was, generally speaking, a duty, but it might be the 

plainest and highest duty to sacrifice it ... I t  was not, therefore, correct to 

say that the duty to preserve one's life was absolute and unqualified. (163) 

"' In blouse's Case a defendant threw a fellow passenger's casket overboard in an 

effort to lighten the ferry on a troubled crossing. It was later accepted by the 

justices that this action and similar ones by other passengers saved the boat 

and the lives of the passengers. The defence of necessity was allowed. 

(Chitty's, 1972: 164). Interestingly, this encroachment against private 

property was allowed in the case of perils at sea, but was explicitly not allowed 

for trespass on the part of the homeless and hungry since "no man's house 

would be safe." (165) 

" A ship smuggling marijuana from Columbia to Alaska grounded on the 

Canadian coast after developing mechanical trouble in bad weather. Fearing 

that the ship would capsize, the Captain ordered the cargo offloaded. The cargo 

was subsequently seized and the smugglers charged with possession of 

marijuana for the purposes of trafficking. The accused raised the defence of 

necessity claiming that they had not intended to import into Canada but that 

they were forced to land by their need for safe refuge. The Supreme Court 
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determined that the trial judge erred in not allowing rebuttal evidence 

regarding the condition of the vessel. During the appeal, the crown 

successfully argued that the evidence of the ship's distress was a recent 

fabrication. (Supreme Court 19845) 

.wI This is the "...only reported case in a common law jurisdiction in which a 

charge of murder has been met by the defence of necessity." 

(Sneideman:378) In this case, the trial judge stated that: 

The defence of necessity esists only where the perpetrator's decision to 

break the law is inescapable and unavoidabie and necessary to avert some 

imminent risk of peril. I t  arises only where there is no option, no other 

choice (380). 

The trial judge concluded that Robert Latimer had other choices to make, even 

if they were disagreeable (380). 

xu1l Unfortunately, the Supreme Court did not discuss the nature of the evidence 

that made the defence of necessity supportable in the 1977Quebec case, but not 

in Morgantaler's previous defence to similar charges the year before i n  

Manitoba (Sneiderman:3 84). 

xvl l l  Public distrust is reinforced by: 

1. negative events are more visible - accidents, the discovery of lies, etc. 

are often well-defined & publicized - positive events are often less 

distinct or invisible - e.g. safe operations (Slovic:23 9); 

3. negative events carry much more weight than positive events - "in 

systems where we are concerned about low-probability/high- 

consequence events, problematic events will increase our perceptions 

of risk to a much greater degree than favourable events will decrease 

them." (239) 

3. "sources of bad news tend to be seen as more credible than sources of 

good news. * (240) 
4. "distrust, once initiated, tends to reinforce and perpetuate distrust." 

(242) 

" a sense of obligation to those effected by a threat decreases with distance in  

the relationship (Breyer:3 5) 
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Complex systems are characterized by: 

Proximity of parts or units that are not in a production sequence; 

Many common mode connections between components not in a 

production sequence; 

Unfamiliar or unintended feed back loops; 

Many control parameters with potential interactions; 

Indirect or inferential information sources; and 

Limited understanding of some proces~es.~~ (Perrow, 1984:85) 

" The air transportation system should be distinguished from the aircrafi that 

are components of the system. While an aircraft is a good example of a tightly- 

coupled, complex system, the larger transportation system of which it i s  a part 

is significantly more linear. 

mi presenter at IATA's (International Air Transport Association) lZnd Technical 

Conference in blontreal (1993) 

lCQll The four types of risk analysis studied were: 1) Hazard & Operability Studies 

(HAZOP); 2) FMEA; 3) Action Error Analysis (AEA); and Management Oversight 

and Risk Tree (MORT). HAZOPwas the most accurate of the four. 

Some concepts that should considered when developing a hazard reporting 

system: 

accept employee's definition of a hazard. This encourages reporting 

and reduces the amount of self-filtering that may occur before a hazard 

is brought to the managers attention; 

reserve the right to reject a report if it is insignificant or inapp- 

ropriate; 

keep the program simple; 

advertise the program and encourage the staff to use it; 

accept anonymous reports; 

acknowledge all reports and accept feedback; 

develop a method of priorizing hazards (Woo&98) 

XXV Various questions that the risk assessors and management may ask include: 

1. what are the hazards of this operation? 

2. How severe are the hazards? What is the likelihood of an accident? 
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3. What is the level of risk? 

4 Is the level of risk acceptable? 

5. If not, can the risk be eliminated? 

6. If not, can the risk be reduced? 

7. If not, can the operation be cancelled? (System:5-8) 

KW1 Opinion surveys can be used to ask pilots and engineers to identify risks 

(WoodA77). The Critical Incident Technique can also be used list all of the 

critical factors that contribute to a mission's success or failure and to rank 

them in order of risk severity (178). 

m N  The task or operation should be broken down into small steps (Wood:175) 

Hazard indexes or priority assessments can be used to help evaluate risks. 

Severity of damage is ranked against the likelihood of an occurrence 

(System,1996:5-12). A "1-3," "1-4," "1-5," or "1-6" ranking manix is typically 

used. Rankings that may be used include: 

Hazard Probability 

1. frequent - likely to occur frequently; 

2. reasonably probable - likely to occur several times; 

3. occasional - likely to occur at least once; 

4. remote - unlikely to ever occur; 

5. extremely improbable - can be assumed that it will never occur; 

6. impossible - cannot occur under any circumstances (Wood:174) 

Hazard Severi tv 

1. catastrophic - fatality or destruction of aircraft; 

2. critical - severe injury or major damage; 

3. marginal - minor injury or minor damage; 
1. negligible - no significant injury or damage. (Wood:171) 

wii~ All of the worst case costs should be considered, including lost productivity, 

injuries, damage to equipment, liabilities, fines, penalties, etc. (System:5- 1 3) 

The concept of road safety audits originated in the United Kingdom in the 

1980s and has since spread to other countries (ITE15). Australia and New 

Zealand have both established audit guidelines (17).  In some Australian states, 

audits are conducted annually for 20% of the existing roads and all major new 
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projects, while New Zealand has made audits mandatory for 20% of all road 

projects (17). The US has not introduced a procedure for formalized safety 

audits although various components of the safety audit concept have been 

incorporated into key federal highway programs (18). 

" An audit may be conducted by consultants or advisors or by a second design 

team (ITE19). The assessors should be independent horn the project designers 

and managers (19). Key factors: 

1. the team must include specialists in safety engineering; 

2. the findings and reasons for them should be documented: 

3. reasons for rejecting any element of the design should be e.xplained; 

4. provisions should be made for arbitration; 

5. the independence of the audit should be maintained. Participants 

should be aware of the possibility of litigation if there is a failure ( 19) 

A safety audit may be carried out at any or all stages of a project: 

1. Feasibilirv - "...can influence the scope of a project, route choice, 

selection of design standards, impact on the existing road network ..." 
(ITE: 17); 

1. Lavout or Preliminarv Design - can help influence major siting 

decisions that include a consideration of multiple users, alignments, and 

conflict resolution (17). 

3. Detailed Desigg - a safety audit is usually completed prior to the 

preparation of final contract documents. Markings, construction safety 

procedures, detours, drainage, fencing, etc, should be considered ( 17). 

3. Pre-opening - inspection and driving of the project area in varying 

conditions prior to opening for public use. Any variations that 

occurred during construction should be assessed ( 1 8). 

5. In-Service - systematic examination of sections of the finished or 

existing roadway from an explicit safety viewpoint ( 18). 

By analyzing existing regulations, Starr concluded that: 

1. "society tolerates greater risks from those technologies and activities 

that provide greater benefits (specifically, risks are accepted i n 

proportion to the third power of benefits), and 
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2. risks from voluntary activities are roughly 1,000 times more acceptable, 
for the same benefit, than risks from involuntary activities." (Gould:8) 

100011 Event trees model the major systems and relationships between components 
(Bier:67). An event tree hypothesizes an initiating event and works fonvard 
using deductive analysis (73). I t  is used to identify "...all possible combinations 

of subsequent events and [determine] which sequences of events could cause 

failure of the system as a whole." (73). Event trees are suited for "...displaying 

the order of events and also dependencies between events." (71) They are 

useful for making assumptions explicit but can become excessively complex 

with numerous branches and interdependencies (71). 

xxxlv Fault trees "...provide a more compact way of represmting combinatorial 
numbers of events, but can obscure dependencies and the chronological order 

of events." (Bier:74) Fault trees begin at the failure and work backward to 

show which combination of failures could have produced it (72). 

XXXV Data that is required for a PRA includes: 
1. initiating event frequencies; 

2. Component failure rates; 
3. Common cause failure rates (frequency with which 2 components may 

fail during a short period of time for the same reason - "Common cause 

failures are often among the dominant contributors to system failure 

frequency for highly reliable systems. ") (77); 

4. Component maintenance rates (the frequency and duration of time that 

components are out of service); 

5. Component fragilities (failure probabilities due to e,xternal stresses); 

6. Human error rates (commissions and omissions) (Bier, 1997:67) 

-' Supporters of TCTadvocated it as an effective way to: 

1. rank intersections for improvement; 

2. develop countermeasures; 

3. determine the effectiveness of countermeasures; 

1. improve user well-being; 

5. educate users and policemen; 

6. assess regulations and standards more quickly than would othemise be 

the case; 
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7. measure urban danger; and 

8. perform before and after studies where accident data is unavailable 

(Williams:135). 

xxxvli These twelve conflicts included lane changes and various turns that create 

conflict for other vehicles which must then perform an observable, evasive 

manoeuvre (braking or swerving) to avoid the offending vehicle (G1auz:l) 

-111 Same direction conflicts at signalized intersections (Glauz: 11). 

XXXIX Opposing-left-turn and through-cross-traffic types (Glauz: 11). 

xl Nine types of conflicts were studied at 18 unsignalized intersections and 

compared to the accident data for the three prior years (Salman: 177). 

xli "Recent research indicates that three distinct types of accident, property 

damage, personal injury and fatal, vary greatly in their most fundamental 

characteristics of manoeuvre prior to collision, location on the roadway and 

time of day." (Wiiliams: 137) 

Transport accidents effect the public through: 

1. Medical and rehabilitation costs; 

2. Loss of productivity; 

3. Physical and mental pain, loss of free time, and reduced life expectancy 

(Soguel:?). 

d" Sfr 642 for a non-hospitalisation accident (Scrwab:34). 

dw The human costs of traffic accidents were defined as: 

1. Loss of life expectancy; 

2. Physical and mental suffering; and 

3. Mental suffering of relatives (Scnvab:20). 

The 1993price for reducing the risk of a typical serious non-fatal accident in  

Sweden by 5040 lay between SM 50,000and SM 150,000. 

* v V s  study did not evaluate the validity of CVM methodology but uncritically 

accepted the British government's value range for of a statistical life for road 

accidents of f 744,000 to f 3m. Using the mid-point of this range, they estimated 
the statistical value of a life for an underground accident at approximately 

L2m which reflects the context premium (Jones-Lee: 164). 
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*""Principle types of CVM biases: 

1. Embedding "...arises when the respondents give a value that expresses 

something entirely different from what was intended by the 

researcher ..." (e.g. the moral satisfaction of apparently saving lives 

rather than the good itself) (Desaigues:91). People will often attach 

benefits to the good that was not intended or anticipated by the 

researcher(92). 

1. Hypothetical bias occurs when unfamiliarity with the good leads to 

under or over valuation. Unfamiliarity typically leads to over-payment 

by an appro.uimate ratio of 2.5. Some respondents also offer e.xtremely 

high values (Desaigues:92) 

xlv~~r Engineers choose various design parameters which they believe are directly 

related to safety. For example, design driver eye heights, minimum sight lines, 

standard perception-reaction times, minimum shoulder widths, and so on are 

used to establish curve radii, hill crest and valley gradients, road widths, etc. 

These parameters may be chosen more out of convenience than due to any 

verifiable relationship to measurable road safety (Hauer, 199 1 :W). 

*U Lane widths, alignments, gradients, sight lines, etc. (Hauer, 1990:47). 

I These studies failed to control for other variables like road side hazards, effect 

of traffic volumes, variations in the length of curve, sight distances, lane 

width, etc. (Glennon:5 1 ). 

lii 

For example, significant and repetitive evidence that Cway stops increase 

safety was ignored by traffic engineers since these control devices are 

disliked for their restrictive effect on traffic flow (Hauer,1990:57). 

An example of arbitrary standard-setting involves curve and crest sight-lines 

which were set initially in the 1940s. It was decided at that time that adequate 

sight lines should be provided to allow a driver to spot a 4" high obstacle and 

stop in  time. A review of the literature available From this time indicates that 

the choice of the obstacle height was arbitrary. It was one that was reasonable 

to achieve economically since decreasing the height below 4" significantly 

increased highway construction costs. On the other hand, raising it beyond 4' 

resulted in "...little additional economy." In the early 1960s it was noted that 
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driver height above the road had decreased to the point that a 1" obstacle could 

no longer be seen using standard crest and curve sight line standards. The 

simple solution was to increase the standard to 6" even though no research was 

done to justify this change. The selection of the new obstacle height "... was an 

arbitrary rationdization." (Hauer, 1990:19) 

'Iu A Canadian TCTstudy completed in 1973 could not "...account for differences i n 

accidents when corrected for volume exposure. " (Williams: 135) A later study 

by the same researcher "...reported that a study of merging vehicles at a 

freeway entrance in Canada indicated that serious conflicts correlated poorly 

with accidents." (135) Several other studies completed in the 1970s in NA and 

France could not establish a statistically significant relationship between 

conflicts and accidents (135). 

Iw In the Rapid City study, the accidents at the study intersection increased from 

12 accidents to 26 following the replacement of stop with yield control. The 

control group (at which no change in control was made during the before & 

after periods) had 3 accidents before the change at the study intersection and 

6 afterwards. The increase attributed to yield control is either 26/12 (control 

group data not applied) or 26/(12*6/3). The results are very different 

depending on whether the control group data is considered to be valid and 

applied (Hauer, 199 1:15).  

IV Any difference, no matter how small, will become statistically significant 

when the sample size is made sufficiently large (Hauer, 1991:27). 

Iv1 Early Right-turn-on-red (RTOR) safety data was ignored for years due to low 

sample sizes and low reported significance. The early safety studies were 

inaccurate but still clearly showed that accidents increased at RTOR 
intersections (Hauec28). 

'"I1 NCHRP Report 320 concluded that the effect of yield control at low volume 

intersections is negligible (29). This conclusion is probably ufallaciousn and a 

result of insufficient accident data before and after implementation (30). Low 

levels of statistical significance were ignored in order to justify the use of 

yield control at certain intersections. 



lV1" Wapolations on objective tests or in estimating uncertainties is a subjective 

exercise (40). Expert judgements must be used with caution since "...e.xperts 

are often overconfident ... estimates of nonstatistical errors are notoriously 

difficult to make." (Wilson:40) 

llx "In the nuclear regulatory world ... the adoption of a point of view that 

embraces the notion of uncertainty in critical parameter calculations is, to say 

the least. an e.xtremely difficult concept to accept. Yet it is the only way to tell 

rhe truth about the analysts' state of knowledge of any performance measure." 

(Garrick,1997:335) 

Scene missions or calls involve rescues at unprepared landing sites located at 

or near a casualty site. Scene calls are most often located on highways and 

urban streets, but may also be located in industrial sites, farmyards, or 

wilderness areas. Ground emergency services personnel inspect the site prior 

to the arrival of the EMS helicopter and set up a safe landing zone. STARS 

conducts numerous Landing Zone outreach sessions every year wi th  

emergency services organizations in its service area. These sessions include 

training on landing zone size and siting criteria, hazard identification, 

communications, lighting and marking, personnel safety, and marshalling 

procedures. 

LU The new Canadian Aviation Regulations were implemented in October, 1996. 

CAR 602.13 prohibited aircraft from landing at uncertified "set-apart" landing 

sites located within the built-up areas of cities and towns. 

L" Transpon Canada's Systems Safety Department completed an assessment of all 

of the Alberta hospital landing sites located within the STARS operational area 

in the summer of 1996. Each landing site was visually inspected and rated on 

its apparent degree of compliance with the Helipon Design Standards. No 

measurements were taken. Sites were not rated on the basis of relative safety 

and no risk assessment was done. 

At this time the STARS helicopters were operated by AU3 Airlift Canada Inc. 

under contract to STARS. ALC Airlift Canada Inc., its assets, and staff were 

acquired by STARS Canadain January, 1997. ALC Airlift's name was changed to 

STARS Aviation Canada Inc. in April 1998. To reduce confusion, all references 
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to the STARS rotary-wing operation will be made under the STARS or STARS 

Aviation names. Any referenced documents or correspondence dated prior to 

April 1998 will use the ALC Airlift Canada Inc. name. 

lUv The Claresholm, Innisfail, Vegreville, & Edson hospital landing sites were all 

closed by the author pending site improvements. AU sites with the exception 

of Innisfail and Edson are now back in operation. 

Calgary, Edmonton, Red Deer, Lethbridge, and Cranbrook. 

LWI Foothills, Bow Valley, and Rocky View Hospital helipads in Calgary, and the 

University of Alberta and Royal Alexandra Hospitals in Edmonton. 

Lwll Foothill Hospital Front Helipad Planning Committee members: 

1. Kathryn Gowling, Planning FH (Committee Chairperson) 

2. Catherine Fletcher, Transport Canada 

3. Cal Christianson, UMA Engineering 

4. Scott Thompson, Ellis-Don 

5, Hans Konig, Alberta Public Works 

6. Dr. B. Johnston, FH Emergency 

7. Dr. Greg Powell, FH Emergency 

8. Bob Toews, STARS 

9. Lorne McPhail, UMA Engineering 

10. Peter Bakker, UMA Engineering 

L"Hi In the first letter to Ottawa regarding this issue sent on November 25th, 1996, 

the author suggests that the CARs implementation period would end on 

December loth, 1996. In fact the CARs had come into full force and effect on 
October 10th. Transport Canada's Commercial and Business Aviation 

Department had given Air Carriers like STARS until December 10th to write 

new Operations Manuals that complied with the CARs and submit them for 

approval. The author mistakenly assumed at the time that this two month 

period for manual revision was an "implementation transition period" for the 

CARS themselves. 

AS of June 30th, 1997, STARS stopped fight operations to the Alberta Children's 

Hospital in Calgary and the Grey Nun's and Misrecordia Hospitals in Edmonton 

except in cases where the patient's life was in imminent danger. 
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LW Actual dollar costs for some sites may be lower since many communities have 

contributed land and construction services at reduced or no cost. These 

estimates include these donations-in-kind. 

L" Banff, Claresholm, Innisfail, and Vegreville were all marginal landing sites 

before compliance efforts were initiated. Banff and Innisfail are not 

completed. 

L ~ I  The STARS Foundation raises appro.ximately $5.5 million CDNannually through 

donations and fundraising events. 

Lwll The difference between "dedicated" air ambulance operators and air operators 

who may from time to time perform an air rescue is critical to this discussion. 

Helicopter EMS operators like STARS are dedicated to air rescue operations and 

optimize their procedures, training and control mechanisms for this activity. 

Dedicated Canadian helicopter EMS operators have not e.xperienced any 

accidents in the course of performing medical transfers since the 1970s 

Helicopters that are not normally used for air ambulance missions and are not 

flown by specially trained pilots have been involved in accidents, some with 

loss of life. 

~ X V  The author has conducted numerous helipads inspections himself, and has 

discussed previous inspection and approval procedures with his predecessor at 

STARS. Prior to 1997, almost all of the inspections at rural sites were conducted 

without reliance on Transport Canada. 

This was confirmed during several discussions held between STARS 

management and Transport Canada Aerodrome Safety officials. It was obvious 

to the author that Ottawa believed helicopter EMS operators like STARS were 

using the permissive nature of the old Air Reg. 534 to avoid helipad 

certification. Aerodrome Safety officials claimed that it was always Transport 

Canada's intent to require certification, even though Air Reg. 531 did not 

restrict life-saving operations. 

L*N' The Heliport Design Standards of 1985 were revised as an integral component 

of this regulatory action. Recognizing that numerous helicopter sites would 

be affected by this regulatory change, Transport Canada made it a priority to 

revise and update the standards that would be used for compliance purposes. 
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h'i STARS Aviation made several requests to Aerodrome Safety and submitred a 

written appeal (Appendix A) to the Canadian Aviation Regulatory Advisory 

Committee (CARAC) in December, 1997, to have CAR 602.13 reconsidered. No 

action on this request has been taken. 

Lw" STARS was not notified or consulted prior to October lo", 1998 regarding 

Transport Canada's intention to require certification at all landing sites within 

built-up areas that are set apart for aircraft operations. Neither was Canadian 

Helicopters which is the largest helicopter company in Canada and operates 

numerous air ambulance bases in Ontario and the Maritimes. The Helicopter 

Association of Canada was also not consulted regarding this change. 

LODX The Canada Gazette is a Federal Governmeqt publication in which notification 

is made of proposed regulatory changes. For major regulations, the results of a 

Regulatory Impact Assessment Statement (RIAS) are included. Individuals 

wishing to respond usually are given from 30 to 90 days to advise the named 

group, in this case the CARAC Secretariat, of any objections or submissions. 

(Canada Gazette, Part 1) 

L= CAR Part VI - A General Operating & Flight Rules posting dated Aug 12, 1995 

included a lengthy RIAS but no mention is made of 602.13. The RIAS states that 

"...although there will be some increase in costs and administrative workloads, 

in general, Part VI of the CARS will have a minimal impact on the Canadian 

aviation industry." It also points out that the General Operating and Flight 

Rules Committee included the Air Transport Association of Canada (ATAC) and 

many non-air operator groups met eight times to review and amend the 

regulatory proposals. The list of participants does not include any direct 

representatives of the helicopter industry, however, nor is any mention made 

of heliport or life-saving issues. (Canada Gazene, Part 1) 

Flight operations at VFR (Visual Flight Rules) heliports are conducted by 

primary reference to the surface of the earth and visible features in the 

external environment. Helicopter Category B operations do not require 

normal land-back or fly-away capability in the event of an engine failure. 

Flight operations at IFR (Instrument Flight Rules) heliports may be conducted 

with reference to the aircraft's flight instruments and radio-navigation aids. 
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Only the final part of the approach and landing and the initial part of the 

departure must be made by visual reference to the external heliport 

environment. Helicopters operated to a Category A standard must be capable of 

either returning safely to the landing surface or flying away following the 

failure of an engine. Larger heliport air and groundspace is required to 

accommodate Category A operations. 

L l w l  1 An aerodrome is any area on the land or water that is used for aircraft 

operations. It includes heliports and other types of helicopter landing areas. 

LWV Larger aerodromes and more protected airspace is required to accommodate 

larger and more heavily loaded aircraft. 

'"" The Heliport Design Standards are intended to protect the operational airspace 

at a helipad from encroachment ftom obstacles, but may not be adequate i f  

dense concentrations of obstacles bound all sides. Siting and protecting 

airspace at a helipad within a very dense urban environment poses special 

safety and operational challenges (Smith, 1988:3) 

The U.S. FARs only require "Transport Heliportsn used by an air carrier 

operating aircraft with a seating capacity of 30 or more passengers to be 

certified (AC 150/9032-2A:www) (FAR Part 139). 

-" U.S. FAR 152defines the conditions of the Airport Aid Program: 

The airport aid program sets out the conditions under which a Federal grant wil l  

be made to aid airport or heliport construction. The referenced design and 

construction standard circulars are mandatory ... (FAR 152:Sec 15 2.10) 

-Ii1 Telephone interview with Bill Sanderson, Heliports, Helicopter Association 

International on July 2T7", 1998. 

FAR 157 "Notification of Construction" states: 

This part applies to persons proposing to construct, alter, activate, or deactivate a 

civil or joint-use (civil/military) airport or to alter the status or use of such an 

airport. Requirements for persons to noti@ the Administrator concerning certain 

airport activities are prescribed in this part. This part does not apply to projects 

involving: 
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An airport subject to conditions of a Federal agreement that requires an approved 

current airport layout plan to be on file with the Federal Aviation 

Administration; or 

An airport at which flight operations will be conducted under visual flight rules 

(VFR) and which is used or intended to be used for a period of less than 30 

consecutive days with no more than 10 operations per day. 

The intermittent use of a site that is not an established airport, which is used or 

intended to be used for less than one year and at which flight operations will be 

conducted only under VFR. For the purposes of this part, intermittent use of a site 

means: 

The site is used or is intended to be used for no more than 3 days in any one 

week; and 

No more than 10 operations will be conducted in any one day at that site." 

The Canadian Aeronautical Information Manual states: 

The requirement for airport certification applies to: 

any aerodrome that is located within the built-up area of a city or town: 

any land aerodrome that is used by an air carrier as a main operations base or a 

scheduled passenger-carrying sewice: or 

any other aerodrome which the Minister feels aerodrome certification is in the 

public interest. (AlP,1996:AGA2.3.2) 

In theory, Transport Canada required certification of all the hospital landing 

areas used by STARS that were affected by the CAR 602.13 restriction in spite of 

the fact that many have been used half-a-dozen or fewer times annually. 

Highly placed Aerodrome Safety officials have suggested that "more than 

once" is enough to warrant certification if the landing area is located at a 

hospital and may be used again. In practice, regional inspectors have 

recognized that at an unspecified but very low level of annual utilization, 

certification should not be necessary even if the landing area has been "set- 

apart" in some fashion. As a result, a number of sites in Alberta were not 
included on Transport Canada's list of helipads requiring certification. 

Minimum utilization rates have not officially been set, however, and the 

agency has not explicitly stated that these sites need not be certified. 

Each FAA heliport type can be briefly described as follows: 



Aviation Risk Regulation EndNotes 

- -  - 

1. "Private-use heliports are usually owned by an individual or 

corporation who can control heliport usage." These heliports are 

normally used by "... a pilot or a small number of pilots who are familiar 

with the heliport and any physical or operational limitations. " 
2. Hospital heliports are similar to private-use facilities; 

3. Public-use general aviation heliports may be publicly or privately 

owned. They are intended for use by any qualified pilot, including 

those who may be unfamiliar with the site or who have minimum flight 

qualifications. 

4. Trans~ort  heliports provide a full range of VTOL (Vertical take-off and 

landing) services including support for air carrier operations. 

. w ~ ~  FAA criteria for private-use and hospital heliports are relatively limited at 

present. Minimum airspace, parking area size, and the minimum size of 

taxiways are a few critical areas that are not addressed (Smith,l993:39). 

Proposed AC150/9032-ZB rectifies these perceived deficiencies and has been 

submitted to industry for comment. The response h-om the Helicopter 

Association International, National EMS Pilots Association and Association of 

Air Medical Services has been negative with respect to classification and 

airspace criteria changes (Sanderson, 1998) 

XOv The FAA may not always use the terms "public" and "private" consistently 

with respect to heliport classification. The main difference benveen private 

and public-use facilities is the nature of the operational control over flight 

operations. The "public" may ride as a passenger in helicopters using either a 

private or a public heliport facilities. To suggest that hospital heliports are 

more like public facilities than private is not consistent with AC150/539&2A. 

xv The May 1997 uHeliport Standards for Helicopter Facilitiesn (322H) describes 

these heliport classes as follows: 

(a) Application 

( i )  HI- A heliport located within an environment where: 

(A) there is not emergency landing area within 625 m from the FAT0 and; 
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(B) the  performance requirzrnent are such that helicopters using the facility be 

operated at a weight, and in such a manner that in case of an engine failure at 

anv time during approach and take-off, it can either; 

( I )  land and safely stop on the final approach and take-off area or touch 

and lift-off area; or 

(11) safely continue the flight to an appropriate landing area. 

( ii) H2 - A heliport located within an obstacle environment where: 

(A )  the height of the obstacles are infringing the take-off approach obstacle 

surface set up in Chapter 4, Table 4-1: and 

(B) there are reachable emergency landing or rejected take-off areas within 625 

m of the FAT0 in relation to the altitude of the helicopter and its 

performance with one engine inoperative: and 

(C) the performance capability requires a multi-engine helicopter. 

(iii) H 3  - A heliport located within an obstacle environment where: 

( A )  the height of the obstacles do not penetrate the take-off approach limitation 

surface set up in Chapter 3, Table 4- 1: 

(B) there are reachable emergency landing areas within 625 m of the FAT0 in 

relation to the altitude of the helicopter and its performance during 

autorotation. 

(b) Character is t ics  

(e) Obstacles 

( I )  H2  - Heliport 

For a HZ heliport the dimensions of the FAT0 and/or TLOF shall be in 

accordance with the requirements of Chapter 3 of this do cum en^ 

For HZ heliport the Take-off and Approach Obstacle Limitation Surfaces 

(OLS) shall be twice the OLS requirements of Table 4-1 up to maximum Take- 

Off/Approach slope of 16% (1:6.25). (TC 322H Draft, May0 1,1997:7-9) 

XNl The H3 maximum OLS slope for a heliport with two approaches is 8%. 
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xcvii The inner width of the inclined trapezoid is predic~ted on a BKIL?. The 

dimensions will vary with the size of the design helicopter. This width is the 

sum of the widths of the FATOand safety area. 

XCVlll The manner in which the American and Canadian standards define approach 

OIS width as a function of distance from the FAT0 is dissimilar. The Canadian 

standard defines a percentage horizontal splay widening at a constant rate 

from the FATOand Safety Area edge points out to a distance of 1075 m. As a 

result, the outer edge width will vary with FATOsize. The American standard 

specifies a fixed width at 1219 m (1000 fi). For comparison purposes, the 

Canadian standard will be extrapolated to show the equivalent width at 1219 rn 

using the appropriate FATOwidth. 

"X These proposals have not yet been released to the public. The recommendation 

for a clearway take-off area is contained in "Safe Heliports Through Design 

and Planning" DOT/FAA/RD-93/17. In this case, the OLS inclined surface 

would begin at the end of the take-off area, rather than the FATOedge. 

The Canadian standards specify a two-segment approach/departure OLS: the 

first segment is 245 m long and the second is 830 rn for a total of 1075 m i n  

length from the FATO. The American standard specifies a single slope out to 

1219m. 

Density altitude is a function of actual altitude above Mean Sea Level (MSL) and 

outside air temperature. The standard MSL pressure at 0 feet above sea level 

(ASL) is based on an air temperature of 15" C. As temperature rises, the air 

becomes less dense and aircraft performance decreases as the airfoils and 

engines become less efficient. The reverse is m e  as temperature decreases. 

The effective density altitude must be computed when determining aircraft 

performance for a heliport on any given day. For example, on a 30' C day at a 

sea level heliport, the helicopter would perform as though it was flying at 

almost 2000'. 

Translational lift is the point at which the rotor disc leaves its own disturbed 

and turbulent air behind. For most helicopters, translational lift is achieved at 

approximately 15 to 20 knots of airspeed. Rotor efficiency and lift increases 
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significantly at and above this speed. Power demands for any helicopter are 

highest below translational speed. 

The HOGE weight is the maximum weight at which a helicopter can hover 

above out of ground effect. Hover efficiency increases as the helicopter nears 

a level surface as the air beneath the rotor compresses. Ground effect ends at 

approximately 1/3 of the rotor diameter above the supportive surface. If a 

vertical maximum-power take-off is initiated from a low hover in a BK117 

which is just at the maximum HWEweight, for example, the helicopter will 

climb to about 30 feet before vertical momentum is lost. Prior to loosing 

vertical momentum, the helicopter is rotated slightly nose-down to accelerate 

through translational lift before the climb over obstacles is continued. HOGE 

performance information has traditionally been provided by the 

manufacturers on a voluntary basis. Recent changes to the FARs will require 

this information to be provided for all helicopters (FAR1 11 :www ). 

" Vy occurs at relatively high airspeeds (65 Knots for the BK117). Maximum 

climb gradients, which are of more interest to heliport designers, occur below 

Vy. Most Normal Category and Cat B AFMs "...do not provide acceleration 

distance info or angle of climb for airspeeds less than Vy." (Ano1l:ZO). 

rn "The h eight-velocity diagram defines an envelope of airspeed and height 

above ground from which a safe power-off or one-engine inoperative (OEI) 

landing cannot be made." (McConkey,1991:32) with the power on the 

remaining engines (if any) at the "...greatest power for which certification 

was requested." (14 CFR Part 29). Examples of the BK117 H-V diagrams along 

with their AFM descriptions are included in Appendix C. H-V diagrams are 

often only prepared for the most restrictive take-off weight conditions 

(Anoll, 1991:27). U.S. 14 CFR Part 29 Amendment No. 29-40 makes it mandatory 

to present information for varying conditions of weight and altitude: 

If there is any combination of height and forward velocity (including hover) under 

which a safe .landing cannot be made after failure of the critical engine and with 

the remaining engines operating within approved limits, a height-velocity envelope 

must be established for: 

1. All combinations of pressure altitude and ambient temperature for which 

takeoff and landing are approved; and 
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2. from the ma~mum weight (at sea level) to the highest weight approved for 

takeoff and Ianding at each altitude." - single-engine or multi-engine 

helicopters that do not meet the Cat A engine isolation requirements must have 

a H-V envelope established for complete power failure. 

N1 Normal Category rotorcraft under the FAA regulations are those having a 

take-off gross weight of 6000pounds or less. Transport Category rotorcraft are 

those having a gross take-off weight greater than 6000 pounds. Transport 

Category rotorcraft can be Category B if they are under 20,000 pounds and 

carry 9 or fewer passengers. Above these limits they must be certified to a 

Category A standard ( Anoll: 1 1 ) 

Because the FAA rotorcraft certification standards require t5e Cat. A profile to 

"...remain clear of the height-velocity envelope" (FAR Part 29), the H-V 

diagram is by definition a limitation. It is not, however, considered to be a 

limitation for a helicopter flown under Cat. B conditions, regardless whether it 

is single or multi-engined. FAR Part 29 simply states that Cat. B certification 

take-offs must be flown in such a manner that "... a landing can be made safely 

at any point along the flight path if an engine fails." The H-V information 

included in the AFbI states that the H-V envelope should be avoided but does 

not prohibit operation in this critical area. 

C V ~ U  This procedure produced somewhat steeper departure gradients. The 

procedure involved hovering at the recommended Hover-in-Ground-Effect 

(HIGE) height, accelerating to translational lift in ground effect, and then 

climbing to remain 5 knots above the highest airspeed on the H-V avoid 

envelope ( Anoll: 2 3 ) . 

The Translational Lift procedure involved an acceleration in ground effect to 

translational lift (20 knots for the study) followed by an accelerating climb at 

approx. 1 ft of altitude per 1 knot increase in speed. Acceleration is maintained 

until obstacles are cleared or comfortable climb speed is achieved. The 

distance to clear a 50 foot obstacle and the climb angle was plotted for each test 

helicopter type (Anoll:23). 
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This is equivalent to the 8:1 FA4 OLS slope. All of the helicopters studied were 

able to clear the Transport Canada 12.5:l slope under all but the highest 

density altitude conditions used. 

Steady state as used here means no acceleration/deceleration or climbing or 

descending. 

Telephone response ftom Jim Leitch, flight test pilot with Canadian 
Eurocop ter. 

This is not to suggest that a H-V envelope does not exist for non-steady state 

conditions. It does mean, however, that the AFM H-V envelope does not 

provide the appropriate information for accelerating/decelerating and 

climbingldescending conditions. 

Company SOPS require the pilot to rotate and gain fonvard airspeed before 

vertical momentum is lost. This usually occurs prior to reaching 40' if the 

aircraft is actually at the maximum HOGEweight. 

STARS pilots limit take-off mass to approximately 87% to 95% of madmum take- 

off for all operations requiring vertical departure capability. The Company 

Standard Operating Procedures recommend that take-off mass be kept below 

the AFhf HOGElimit. The climb from a low hover to the 40' rotation point takes 

approximately 4 seconds. 

Both engines are left in the governed range and single engine power is 

simulated by limiting torque to the maximum that would be available if only 

one engine remained. 

Each engine can be set at 83% torque for take-off. If one engine fails, the 

power on the other engine can be increased to 125% for 12 seconds. This is 

only 75% of the total twin engine power available at take-off. 

One sample collision involved a wheeled helicopter that inadvertently became 

airborne while ground taxiing backwards! This accident was apparently 

attributed to heliport design factors (DzambzlZ). It is difficult to conceive of a 

standard that would adequately protect people and property from pilots like 

the one involved in this accident. 
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In the U.S. there is no easy way of determining rvhich heliports conform to the 

FAA Heliport Design AC since the standards are implemented in whole, in part, 

or not at all in different states (Sanderson, 1998). Helicopter movement 

summaries for each site are also apparently not available. 

Note how the language in this statement is much less equivocal than that used 

in the original report. The reader is left with the impression that the 

conclusions of the first study were definitive and clear. 

This is particularly impressive when one considers that the risk exposure is 

much higher for helicopters than for airplanes. Helicopters average 

appr~~ximately Z landings and take-offs per flight hour compared to 1 for 

airplanes (Smith,1992:23). 6Wo or more of aviation accidents occur in the 

approach, landing, take-off and departure phases of flight. 

Items 9. & 10. are taken from "Analysis of Helicopter Mishaps at Heliports, 

Airports, and Unimproved Sites" DOT/FAA/RD90/8. These percentages vary 

somewhat &om report to report. No e.xplanation of these variations is given. 

year/accident = ( 1 /( (missions/year) (.05 hr/mission)(accidents/ 100,000 hrs) ) ) 

- this assumes that the helicopter spends 0,s of an hour for over the 

neighbourhood during every mission. From 1994 to the first quarter of 1998 

the civil accident rate for multi-engine turbine helicopters in the U.S. was 2.37 

accidents per 100,000 hours. 

Missions/Failure = ( 1/((0.0 1 hr/mission) (engine failures/100,000 hrs)) ) - this 

assumes the helicopter flies one mission per hour, completes three take-offs 

per mission, and is at risk for 12 seconds per take-off. In 1992 the engine 

failure rate for a twin engine helicopter in the U.S. was 0.35/100,000. 

The British Ai r  Registration Board (ARB) introduced TLOS in late 1950s when 
they were certifying the Trident auto-land system. Research indicated that 

the existing fatal accident rate for transport aircraft on approach was 1 in 

1,000,0001andings. This level was set for the new system. The same concept 

was applied in 1966 when the North Atlantic airspace separation standards 

were developed ICAO decided that the TLOS should be "...related to the fatal 

accident rate of civil jet aircraft, that it should be a fraction of the overall 

accident rate apportioned to en route collisions, and that it should include a 
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- -- - - - - -  

safety improvement factor (in the range of 2 to S)." (Smith,1988:8) A n  

alternative suggestion was made at the time to compare the North Atlantic air 

separation TLOS with the fatal accident rates of other transportation modes and 

non-aviation occupations, but this was rejected (9). 

-I The FAA study referred to was completed in 1992. The most recent U.S. 

rotorcraft accident information shows an accident rate of 5.6/100,000 for 

single-engine turbine helicopters in the first quarter of 1988. 

mu The aircraft and some of the system components are quite complex and tightly 

coupled. The entire aviation system, however, is not. 

-"' The ICAO OCP testing and modelling was done for IFR precision approaches. 

The pilot is not allowed to look outside the cockpit during these flight tests 

since the actual approach is flown in cloud or other obscuring weather 

without reference to the ground. Flight path tracking is accomplished by 

reference to cockpit radio-navigation aids. 

ClrW "The six sigma isoprobability curves are based on an assumption of Gaussian 

dismbution and the same 'target level of safety' that has long been used for 

precision approaches by International agreement." (6) 

Om The FAA admits that "...it is not appropriate to follow the OCP methodology too 

closely for heliport analysis ..." (Smith: 1988:ll) The use of the 6 sigma curve 

has "...no meaning in the contexr of heliport flight data ..." (11) Despite these 

reservations, the methodology followed in the heliport approach and 

departure flight test simulation research relied heavily on the OCPprecedent. - The FAA report admits that this data collection model may be flawed: 

The data were collected at sea level during daylight in an environment with few 

obstacles. Opposing opinions have been voiced on this issue. Some have argued 

that the test pilots would fly a tighter distribution if they had visual clues of the 

obstacles to serve as guidance. Others have argued that the test pilots were aware 

of the test issues and they flew as tight a distribution as possible. The presence of 

obstacles, they argue would have told the pilots how much airspace was available 

and would have encouraged pilots to fly a looser distribution (Smith, 1988:lO) 
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This accident rate was determined by assuming that the accident rate after 

heliport improvements would be reduced to the FAA TLOS of 0.8/1,000,000flig h t 

hours. If the improvements result in a 50% reduction in the accident rate, 

then the starting rate must be 1.6/1,000,000flight hours. 

M~~ l This is a pessimistic assumption. The accident rates used are for all accidents, 

including those with fatalities. Assuming a uworst-casen scenario in this case 

reduces the statistical cost of a life saved. Even with this assumption. this cost 

remains extremely high for the Alberta hospital heliport certification project. 

acav Transport Canada inspectors suggested that STARS helicopters land at a 

nearby airport or other legal landing site while the hospital helipads 

were upgraded and certified. STARS refused to divert to more remote 

locations during life-saving missions because of the organization's 

commitment to rapid patient care and transport. 
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