
1993 ANGERS 

26 October - 28 October 1993 
Hotel Memure, Angers, France 

Paper 9300 

Index of 1993 Conference  Papers 

i 



1993 ANGERS 

Hotel Mercure, Angers, France 
26 October - 28 October 1993 

Index  of 1993 Conference  Papers 

Paper No. Author Remarks 

9301  Michel  Joing  Welconnng  Address 

9302 List of Delegates 

9303  Agenda 

9304  Contents 

9305  Guy Hoedts Railway  Safety in European Commwity 
Legislation 

9306 Toslnmasa Murakami Admimiratwe Regulation on Railway 
Underiakers 

9307 Ray Ryan 

9308 Part I DamdRaynel 

9308 Part2 DamdRayner 
David  Maidment 

9309 Hiroshi Nagaoka 

Zealand b l  Llmited 
Safety Management  System in New 

Development of Risk Management m Britlsh 
Ra~l and  the  Safety Case Practice 

An approach  to taking F'nbhc Perception of fisk 
into  account, m setting  a  "Value of Life" 

The acc1denUicident &atabase and risk 
assessment stndy at JR East 



Paper No. 

93 10 

9311 

9312 

9313 

93 14 

9315 

9316 

9317 

93 18 

9319 

9320 

9321 

9322 

9323 

9324 

Author 

Dr  Friedel Mnlke 

Jan  Hendriks 

Jan  Stnifmeel 

Jack  Rose 

David Wharton-Street 

Robert  Loncle 

Dr Francine  Keravel 

Davld  Maidment 

David Wharton-Street 
Ms Sarah Tozer 

Francols Laprte 

Gerald Churchll 

Hirokazu M&i 

Michael Slebert 

Russel Blinco 

Gerald  Churchill 

Remarks 

Metro tram s e ~ l c e  in South Afnca 
A holistlc  approach  to loss control in a 

h s k  analysls  method RAM 

InJunes sustained by passengers  due to 

tram 
the  malfunctloning of the outer  doors of 

Staff accldent  safety  analysls 

W o r b g  hours  related  with  safety 

between  SNCF and social  sciences 
Research on human factors cooperanon 

researchers.  Example  track  workers' 
safety 

Fedback analysis on human ermr for a 
better  management  of risk 

Safety  Management Training 

A proactive  system for measuring 
organisational safety  health in a  railway 
environment ("REVIEW") 

cognitive  aspects m accident  analysis 
The necessity of  mcnrporating  the 

an example of a bndgeworker  accident 

Quanhfication of safety'sJobs at the 
RATP company 

Factors of runmng-over  accidents 
mvolvlng  subcontractor's  workers 

Use of the international  safety ratmg 
system on a mlway 

The evolnt~on of  safety and loss control 
in the Canadm passenger rail 
transportation mdustry 

Dependablhty  auditmg A new function 
in the  company 



Paper No. 

9325 

9326 

9327 

9328 

9329 

9330 

9331 

9332 

9333 

9334 

933s 

9336 

Author 

George Lee 

Toslumasa Murakann 

Damd  Maidment 
Wchel Joing 

Franco~s Pinton 

Francois Laporte 

Paul Abbott 

David hynm 

B m o  Cozzi 

Jan Swier 

Kua Nolte 

B~l l  Casley 

Daryl Byme 

Remarks 

The safety  audit  system of the Mass 
Transt Railway  of  Hong  Kong 

The management  of statlshcs for  railway 
accidents and  operations  impediments 

Exchange  of  Safety data between 
rallways 

Health  and  Safety sub committee A 
Transport of hazardous substances. 

Brihsh Rad V1ew 

Emergency  measures  plan - Samt 
Leonard d' Aston: a story of 
communication and mperaaon 

Health and Safe@ sub.c.ommittee, 
Transport of hazardous  substances 

A British Rail view 

Evaluation of ATP Benefits 

The  Implementation of ATP system on 
SNCF  network 

The Development of a new level 
crossings  policy in the Netherlands 

German expenences of planning  and 
Safety  of high speed railway  tunnels 

realmtion of safety  measures 

Rall Safety Act, 24/9/93, New South 
Wales 

Improving  Safety Standark in a 
changing  enwronment 



1993 ANGERS 

26 October - 28 October 1993 
Hotel Mereure,  Angers, France 

Paper 9301 

Michel  Joing 

Welcoming  Address 



I am delighted to welcome  you all to this seminar,  organized 
this year  by SNCF’s safety  delegation. 

Safety entails  potential risks and  benefits which must be 
properly  assessed so that  decisions may be  taken and justified 
on a  rational  basis. 

As a  group, we represent  a  remarkable  range  of  experience and 
knowledge with an  emphasis on the exchange  of  research  and 
best  practice in the railway  safety field. 

I trust that this seminar will contribute to an  increased 
awareness and use of risk assessment, a better understanding 
of human factor and  consequently to enhanced  railway  safety. 

You will find herewith : 

- the list of  delegates, 
- the agenda, 
- the proceedings. 

I wish you all a  successful  seminar. 

Michel JOING 
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I 

10-06-1993 

RAILWAY SAFETY IN EC LEGISLATION 
+++ 

( THREE PARTS : 
( * A brlef  survey  of  the  workins  of  the  EC ( 1  & 2) 
( ** Directive  91/240/EEC ( 2  thru-8) 
( *** New  developments  (9  thru  16) 

+++ 

1- THE EUROPEAN COMMUNITY 

* The  Council  [of  ministers]:  the  power of  decision 

* The  EC  Commission:  the  monopoly  of  proposition 
* The  European  Parliament:  the  right  to  be  consulted 

2- THE  COMMUNITY  "LAWS" 

* The  European  "Regulation" 
versus 

* The  European  "Directive" 

3- THE  "ACCESS"  DIRECTIVE 

* Council  directive  91/440/CEE  of  July 29, 199 
Community  railways 

11 on  the development  of 

4- THE  OBJECTIVES OF DIRECTIVE  91/440/EEC 

companies 
* Restoring  a  sound  financial  sltuation for  the  existing  railway 

* Transcending  the  national  limits of  the  organisation  of  railways 
* Establlshing  autonomy  of  management 

5- THE MEANS OF DIRECTIVE  91/440/EEC 

* Separation  between  infrastructure  and  operations 
t Two  new  concepts: 

- The  infrastructure  manager 
- The  railway  undertaking 1 



6- THE  THREE KINDS OF SEPARATION 

* Mandatory  separation  of  accounts 
* Optional  organisatlonal  separation 
* Optional  institutlonal  separation (“Swedish  model“) 

. 

7- THE RIGHTS OF ACCESS AND TRANSIT 

* For  international  grouplngs 
* For  indlvidual  combined  transport  operators 
* The  problem  of  access  fees 

8- THE INSUFFICIENCIES OF DIRECTIVE  91/44O/EEC 

* Setting  the  right  infrastructure  fees 
* Defining  the  rights  and  obligations  of  the  new  entrants 

9- THE NEW DRAFT  PROPOSALS OF THE  COMMISSION 

* Licences  for  operators 
* Charging  for  Infrastructure 

-finally- 1 regulation  and 1 directive? 
* 1 directive, 1 regulation and 1 directive, 2 directives, -‘z 

10- THE  DRAFT  DIRECTIVE ON ACCESS  TO THE INFRASTRUCTURE 

* Diverglng  national  approaches to charging of fees 
* Establlshing  traffic  priorities 
* Non-financial  criterla : safety 

11- THE  DRAFT  DIRECTIVE ON LICENCES 

* The  various  criteria for granting  a licence (financial  fitness,  good 
repute, professional  competence ... ) 
* Operating  licence  vs  access  to  the  profession 
* Safety 
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12- SAFETY IN THE DRAFT DIRECTIVE ON LICENCES 

* Access to training  (art.7.2) 
* Review  of  criterla  one  year  after  rssueing  the  licence  and  every 
five  years  thereafter  (art. 9 )  

* Assessing  the  requirements  at  any  time  If  there  are "serious doubts" 

* Suspending or revoking  the  licence  (art. 10) 
* Specific  national  technical  requlrements  (also  safety ? )  (art. 11) 

13- COUNTERPROPOSALS OF THE RAILWAYS 

* Make 1t a  regulation  not a directlve 
* No delegation  of  trainlng  to  third  parties 
* Distinguish  between  licence  and  permit to operate a specific  service 

* Stronger  assessment of competence by  the  infrastructure  manager 
* Clarify  art. 11 

14- THE  TRANSEUROPEAN NETWORKS AND INTEROPERABILTY 

The  Treaty on European  Union  and  the  transeuropean  networks 

* The  high  speed  network  and  interoperability 

15- THE  DRAFT  DIRECTIVE ON INTEROPERABILY 

* Notlfied  bodies 
* Technical  specificatlons  for  Interoperability  (STI's) 
* "Sector  committee" to advise  member  states on approval of notified 
bodies 

16- CONCLUSION 

safety  strandards 
* The  clash  between a political  vision  and  a  proud  tradition  of  high 

+++ 
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Administrative  regulation  may b defined as that the government 
and local public organizations participate or intervene in  t h e  

ubjectives  epecifically  established.  The  current  state of adnin- 
activities of undertakings and people to achieve the political 

regulation and it relaxation  regarding  railway  undertakings, are 
Sstrative  regulation in Japan. as well as the administrative 

mentioned as follows: 

I .  Administrative  Regulation  in  Japan 

(I) Kinas and Objectives of Administrative  Regulation 

1) Economical Regulation 

goods and services and desirable price standards are not  necured 
W h e n  there might be cases where appropriate supplies of 

due to frec market  activities, the government ciirectly regulates 
the qualification  and  number of participants in individual indus- 
tries (participation regulation): t h e  kind  and  quantity of plant 

yuontity of production (production regulation): and the  price 
and equipment investment  (investment  regulation): the voluare and 

(price  regulation), in order to COntributQ toward the sound 
development o€ industries and benefits of people. 

In case of public  services and utilities (railway, electric 
communications,  electric power, and gas) that have a strong 
zendency to beconla naturally  monopolistic on account of the aiee 
of economy, participation  regulation i s  established. supply 
obligation and price  regulation ere also established,  instead of 
approving a monopoly. 

2 )  Regulation Means 

l a w s ,  goverrmrcntal  and ministerial  ordinances, by which pronibi- 
Administrative regulation is established by wane of 

tion, restrictiorl, permission and authorization, and administre- 
tive guidance are enforced. For public services and utilities, 

mces are  established to govern  detailed  activities. (Refer to 
individual undertaking laws, governmental and ministerial ordi- 

Table-1 1 

(2) Cument State of Regulation 

1) Kinds of Regulation  (Permission. Authorization eta.) 

Table-2 s h o w s  kinds of regulation in term of m i a -  
si.on, authorizatjon etc., 17 in all. They are define6 from the 

comprehend  thelr differences. They are classified i n r o  three 
administrative point  of view, but it: is  generally difficult to 

groups, as shown in Table-2. 
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‘Pab.le-1  Regt&ation Ouctives and Item for Public Services 8mJ 
Utilities 

Main Regulation ltems -_ .- 

Prevention  agalnst bad offect P r i m  regul-ation 
of monopoly and  oligopoly 

Maintenance of appropriate 
price standards 

Participation and  price 
regulations 

Prevention  against ill Participation, price, investmmnt 
influence of excessive and service standards regulations 

----- 

I 

Conaideration to 
income distribution 

Price regulation 

1 Safety security Safety regulation 
I 

Table-2 Regulation  Kinds (Terms) and  Classification 

Classification  Description Kind 

Group I Entrusted to administrative Perntission, r- L- -___ - - - ---- 
-- 
agcncics for judging standards authorization, 
to deal with applications license,  and 

apprwol 

Group 11 Dealt  with  by agencies based 
on cortain dealing standards 

Recognition. 

for applications 
confinnation, 
cezfifioation, 

certification. 
recognition/ 

test. 
inspection. 
examination. and 
registration 

Group I11 Not  rcquired of  concrete NotifiCeFIon. 
submiasion. 
report, ant3 
issue 

dealing by agencies 

L 
Group I is entrusted to administrative agenoiea for judgment to 
deal with applications: therefore,  judging bases are least clear 
and their clarification is requfrad. 

A s  of  Groups 11 and III, application  judging  bases are notlfied 

caparea w i t 1 1  Group I, it: seems that the p r o ~ e d ~ r a ~  muired are 
to the pub.lic, or simpla notifications 6ufEice: therefore, when 

comparatively easy. Actually,  however.  acceptan- of some noti- 

vorably that theso yrvups prevent active development of Undertak- 
Pications, for example, m a y  be rejected. St ie criticized -fa- 

ings . 
In  the last Diet sessions, “Administrative Ptocadure Bill” WOO 
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current Diot sessions  and aassed, it i s  expected  that at the 
deliberated but  not  passed.  If  it is deliberated again in the 

contents will be made public  in such a way as to further clarify 
request of an appl i cant ,  for instance, administrative  judging 

the administrative  dealing process. 

2) Increase  and Decrease of Regulation (Pernission, 
Authorixation etC. ) 

state  of regulation by permission,  authorization etc. Therefore, 
In Japan i t  had been difficult  to  grasp  the  actual 

'rhc First Administrative Reform Deliberation  Committee (July 

of items on pr:rmiscion, authorization etc should be systematLca1- 
1903-June 195G)  submitted a report advising  that the total number 

ly taken, and surveys  have been conducted annually since 1985. 
(Refer to Table-3) 

'Pable-3 s n g e  i n  Numb0rs of Itms on Permission, Authorization 
etc. 

/Agency D@c '85 Msr '87 Mar '88 War '89 Mat ' 9 0  Mar '91 Mar '92 

'mansport 2,017 1,976 1,977 1,962 1,988 1,966 1.966 

Trade and 
Industry 1,570 1,866 1,883 1,900 1,908  1,916 1,915 I 
1 Agriculture 

6 Forestry 1,263 1,256 1,270 1,270 1,299 1.315 1.357 

Others 4,904 5,071 5,148 5,309 5,386 5.520 5,704 

Total 10.U54 10,169 10,278 10,441 10,581 10.717 10,942 
.-- 

While  regulation relaxation is required. Table-3 shows an in- 
crease of 6RU i t e m s  or up 8.8% during  the period of '? years, 
compared with the number of items  taken at ttla first survey. 

T h i s  is because t h a t .  along  with change in s o c i a l  situations, 
items on pnrmission, authorization etc. have  been newly eetab- 

tional itema have been abolished, but further new its- naces- 
Xshed, and prohibition end restriction relaxed: soUte conven- 

s a r i l y  provided, the latter exceeding the former in numbers. 

2. Administrative  Reyulation on Railway Undertaking8 

In  Japan, t t w  ordinary railway and the Shinkansbn  (New Trunk 

railway was f irs t  opened to traffic in 1964. It is defined as il 
Line)  raiJwny are separately governed by law. The Shinkansen 

trunk  line railway where  trains run on moat of it9 s e c t i o n  at 
high spceds over ZOOkm/h. 

Attachment-1 shows thu law syeteln governing thin railway under- 
taking (ordinary railway). It: includes "Railway Undertaking hw' 
and  "Railway EusLnt?ss  Law.. both of which apply not only to the 
ordinary railway but to the Shinkansen railway. For tha ShinlrM- 

r 
L 
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sen railway, some requlationo are exclusively  established by 
ministerial ordinance. 

(1) Laws 

11 ”Railway Undertaking  Law” 

licenses to b c y 1 1 1  railway undertakings; submission of undertaking 
plans: approval of f a r e s  and charges: submission of railway 
facility construct.ivn &$lans: submission of t r a i n  scheduling 
plans; and reporting VII accidents when taken place. 

The  law was established in 1907, when the Japanese  National 
llaflwaya (JNR) was divided into privately operated railway cormpa- 
1lieS (JR), in order to pl.aCe both these new private railways and 
conventional private  railways uncler the same law system. AB JNR 

had not icrtcrvoncd Jn its aativities and it had been the system 
had been a memhcr of the government organization the government 

under  which  the JNR had been responsible for it aotivitieo by 
itself until uivided.  On the other hand, scnim of the convention- 
al railways wcre small in size and  operation.  thQir  technical 

responsibilities was  limited.  In other words, the aativities of 
standards worc not so high as those of JNn, and their  scope of 

JNR end private roilways were regulated differently .%der difter- 

mission, authorization etc) from JNR to JR. 
ent laws. Attachment-I1 shows  the  transfer of t e ~  ,lation (par- 

Whnn  considered from the s i d e  of the conventional private rail- 
ways. thc regulation has been solnewhat relaxed.  but PrOm the side 
of JR, the regulation has become stricter  than  in the period of 
JNH. in spite of much  the  same personnel. 

‘l’l>.ln law provides for those,  including t h e  award of 

2) “Railway Business Law” 

Undertaking r a w “  governs  railways  generally as an undertaking, 
This  law was established in 1900. While “Railway 

service. Thnt is, it regulates  those  incluaing  railwey con- 
“Railway  Business L a w ”  governs  railway  technology,  safety and 

otruction standards, rolling stock structures and train operation 
methods for snfety and  service, and the job system of railway 
personnel, and obligations which railway users should observe. 

(2) Transport of Ministry Ordinances 

1) Ministerial Ordinances Based on “R8ilW8y Undertaking 
Law” 

a. “Railway undertaking Law Enforcement negulations“ 

Along with the enforcement of “Railway Undertaking 
l a w ,  this  ragulations is ostablished, stipulating for the 
~natlroda of rc?portfng on items of railway  undertaking operation. 
including rhono items to mention when undertaking licsnse epQli- 
cation forms, undertaking plans, construction plana, and train 
oporation plans are submitted. 
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b. "Railway  Undertaking  Accounting Reguiatlons' 

1'110 mothod of rsiluay  undertaker  accounting f a  
provided in this regulations. Besides the accounting proviaad 
in the commercial code,  the method Of accounting ercluelvely ueed 
for the  railway is stipulated by the Ministry of Transport. 

This regulations provides for those items, including accounting 
principle,  account  classification, and the  method of making 
financial  statements. 

c. "Railway  Accident  Report Regulations" 

'I'he method of classifying  railway  accidents taken 
place and damages incurred,  and the standards of accidents  that 

report forms. are all  stipulated in this regulations. 
should be scported to t h e  Miniatry of Transport, as well as 

For the  details of this  regulations, refer to  another paper 
submitted. 

d. *Railway Undertaking  Report  Regulations" 

fiscal year the railway  undertaker  submits to the Minister of 
This regulations provides that after the end of each 

Transport and the Director Of Local Traffic Bureau a bueiness 
report and D roilway  undertaking performance report. The former 
report shows financial Statements, and the latter report contains 
tables showfng the transport perfonname and the state of faoil- 
ities in possession. 

e. "Railway  Facility InSpeCtiOn Regulations" 

involved 5n COr~StllrCtiOn, shall be applied for inspection before 
they are put to usc to obtain  the approval by the Minister of 
Transport. This regul.ations provides for those, including  the 
method of applying for such an inSpeCtiOn.  and items  regarding 
the organizations dosignated by the  Minister of Transport  whsn 
they perform such an inspection. 

Railway  facilities CbnstNCted, as well as those 

f. "Railway  Undertaking  Inspecting and Audit- 
Regulations' 

m i s  regulations pmvides for those  items regarding 
inspection and audit by the Ministry of Transport on railway 

safety, business, and accounting. The safety inspection refera 
undertakers. The inspection  and sudit is classified into *em: 

to the nctivftiea the railway undertaker perforans for  aeftbty 
purposes. 'IWC? business inspection involves in the aotual state 
of service* ptUviBod. which is inapectad from %he railway users' 
standpoint. 

2 )  Ministerial Ordinances Based an "Railway DuSine88 L a w "  

J. "Rail way Personnel Job System" 

mir; is the ministerial ordinance enforced to ehw 
a guideline for job asSlgnmQnl; of railway Personnel. 
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'This provides Foc job titlea  and  descriptions of railway person- 
riel, classified irrto Craffic,  mechanical.  electrical, an& rolling 
stock.  

b. "Mtnisterial Ordinance Regarding TraFn Operation 
Safety" 

In 1951 a train fire accident occurred in the then 
JNR killing as many as 106 people. Triggered by this  accident, 
this ordinance was  anforced.  providing for safety models for the 
personnel  engaged  in  train  operatione. 

C .  "Ministerial Ordinance regarding  Driving Lic-m 
for Motive Power Operators' 

cluding the necessity of driving Licenses to operate motive p o w e r  
This  ordinate is enforced stipulating for those, in- 

(steam I.ocornocives, electric cars, and internal-cornburstion 

iw of licenses and the revocation of licenses. 
cars). and ttle aualification  and test items regarding the obtain- 

d. "Ordinary  Railway Structure Regulations" 

T l ~ j s  regulations provides for the technical stand- 
ards regarding the structure of facilities and  rolling stock for 

Basic items regarding the track, etructures, electrical facili- 
t t m  ordinary railway, with the Shinkansen railway not lncluded. 

also stipulated in this regulations. 
ties, train operation safety equipment. and  rolling stock are 

e. "Railway  Operation Regulations" 

T h i s  regulations provides €or those, including the 
rules for rallway workers to observe when they operate train8, 
Lhe basic rules regarding the maintenance of faailities and mll- 
ing stock, and also the  kinds o f  interlocking and signaling and 
their operating rules. 

(3) Rules of East  Japan Railway Company 

1) Company Rules  Notified to the Local Traffic Bureau 
Based on "Ordinary Railway StNEtUte Regrileticaw* 

a- "orainary Railway Rolling Stock Gtrucmre Rules" 

its parts are stipulated in detail In this rules. 

b. "Traok Arrangement Rules" 

The  structure of ordinary railway rolling stoak and 

The structure, shape,  arranging and load pover of 
track are stipulated in this rules. 

c. .Structure nrrangement Rules- 

standards of construction  gaugee,  civil  structures, btidgee, 
T h e  regulating  values,  designing and installing 

stations and fire prevention  equipment ara Stipulated i n  thte 
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rules. 

d. "Electrical  Facilities  Installation  Rules" 

tracks and txaution substations are stipulated in this cU188. 
T h o  dcslqning and arranging  standards of electric 

e. "Signaling  and  Communications  Equipment  Xnstsllation 
Rules" 

The designing and arranging standards of blocking, - 
signaling. Jatcrlocking and automatic train stopping equipment 
are stipulated in this rules. 

2) Company  Rules  Notified to the Local Traffic Bureau 
Based on "Train Operation Regulations" 

a. 'Train Operation  Rules" 

Those items provided in  "Train  Operation  Regula- 

in detail in this rulee. 
Lions" and regarding the safaty of train operation are stipulated 

b. " ~ c o ~ l n g  stock Maintenance Rules. 

T h i s  rules stipulates for the maintenance of rolling 
stock by kinO. The kinds, cycles, parts of inspection. eo well 

this rues .  
as the recording of inspection results, are also stipulated in 

c, "Track ~nspeotion Rulea" 

parts of reyolax inspection,  as  wall as patrol  inspection, of 
tracks and civil structures. 

This  rules  stipulates for the kinds,  cycles  and 

d. "Electrical Equipment Maintenance Rules' 

inspection of a l l  electrical equipment of tho~e,  including elec- 
'hit3 rules stipulates for the cycles and parts of 

trical train tracks, traction substatLms, blockiny and signaling 
and interlocking  equipment, an6 automatic train  StoPpern- 

( 4 )   he state of Application for'P8rmission. Authorization etc 

Applications  for  permission,  authorization  etc made by 
Japan ~ a s t  milway Company to the Ministry of Transport  and I Q C ~  
Traffic ~ureatr totaled 1,010 in fiscal year 1987. 1,360 in fiscal 
year 1988, and 1,310 in fiscal year 1989. 

Table-4 S I , ~ W S  the breakdown of applications for permission. 
erc mado in fiscal  year 1909. with the first 6 

items accounting for 71% of the total. 
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'l'ablo-4 The Breskdown of Applications for Permiasion,  Authoriza- __ tjon.etc. - Made .- by East Japan Railway-in Fiecal Year 
YearL989 

_-. . 
,.-- r - 

I t e n 1  Number  Percentage 

Notification of change in railway 
facilities 319 24 

Notification of forming or changing 
of train operation  scheduling plans 260 20 

NotlfiCati6n of fare and charge diecount 120 9 

railway  facilities 
Permission, authorization for change in 

98 8 

Application for driving license 

Others 

53 4 

383 29 

I Total 1.310 100 ._ I 
3. Regulation  on Safety 

The regulation regarding safety i s  provided in *Railway B w l -  
ness Law." as mentioned before. The rules governlng the  safety 
of train operatior1 are nminly established  in "lrlinisterial O r d i -  
nance rogarding  Driving  Licenses for Motive Power Operators" and 
"I<ailway TraJn Operation  Regulations, II as ment3oned before. 

(1) "Ministerial Ordinance regarding Driving ~iceneee far 
mtivc Power Operators" 

This  ordinance is enforced stipulating that it is n-8- 
eory for railway workers to obtain driving licenses iaeued by Me 

power. DrLving ltcences are classiffed  into 5 kind-. aa shown 
Director of Local Traffic Bureau in order to operate the motive 

bd0U: 

o Driving license for steam loawaotives 

0 DrivJng license for electric care 

o Driving license for internal-cnmbursion cars 

0 ],xiv.fng licence for Shinkansen trains 

o Driving licence for railLesa electric cars 

to have the upucificd qualifiaatione and pres tha teste6 g i m .  
To obl,aSn a driving license, it is required for applicallts 

These qualifications are: age over 20, and no mental and physiosl 
disorder thut affccLs the operation of motive power. 



Teut items are a5 follows: 

o Physfcal tost: eyesight,  the f i e ld  of vision. the m e r  
of hearing, blood pressure, mental disorder, defects in 
limbs etc. 

o Apiivuf l f !  text: Kraepelin census. resmns5ve sped etc 

o Wrlting test: train  operation  regulations.  structure,  and 
function of motive power etc. 

o Ability test: train  driving, braking, emergency measures 
etc. 

Bureau. Besides obtaining  licenses by passing the tests given by 
These tests are a11 given by the Director of Local Traffio 

driving license by completing the  courses  at  the motive power 
the Director of Local Traffic Bureau, it i s  possible to take a 

ODerator tralninq  school  designated by the Ministry of Transport 
and  passing tents (contents ere  the same as those givsn by the 
Director of Local  Traffic Bureau.) conducted by that  training 
school. 

East  Japan  Railway  Company own8 and operates such a train- 

training  and take tests at this training school when they want to 
ing school. Therefore, any workers of the Company will receive 

apply for a olotive power driving  license. 

Motive power driving licenses w i l l  be canceled or rewcat- 
cd in cases where regulations regarding motive power operation 
are violated, where Romething is dons  against  tho  conditions 

cal disorder that  affects the motive p m r  operation arises. 
attached tu the oporating licenee, or w h e r e  e m  men- or physi- 

( 2 )  "Train  Operation  Regulations" 

This  regulations has as many 86 248 articles prwiding for  
those,  including the training of and supervision over  the railway 
wurkers,  maintenance of railway  facilities and rolling stoak. end 
the dcal-ing with train operation. in order to achieve the safe 
train  operation of the  ordinary railway. not the  Shinkaasen 
rmilway included. Each railway  undertaker 18 Obligated to estab- 
lish its own rules based on this regulations and to submit it to 
the Director of Loaal Traffic Bureau in advawe. In this Uay. 
all the  railway  undartakers are required to perform their activ- 
ities and ensure the safe train operation, a8 dlrected by the 
ministerial ordinance. 

A s  patt of training, the aptitude test is given to all th. rdl- 
way workers  engaged i n  the  work  regarding train operation. T h e s e  
workers indudc train or  rolling stock operators, thoae engaged 
i : 1  the arranging 01 train  operation,  handling of siQnah3, point- 
and switches, as well aa the maintenance of safety  equfpaent of 
tracks and overhead lines. 

A s  for the maintenance of railway facilities, and rolling Cl;ock, 
the inspeotion required when newly installed or imPMVed Or re- 
pattea, and the kinds, cycles etc of tegular inspection, are all 
stipulated. 
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and train operation, the method of tolling stock switching. train 
Items or) train  operatjon,  including  conditione of train equipment 

marks, are also stipulated. 
speeds, the k i n d s  and rules of blocking,  signale,  eigns  and 

4. Regu: ation  Ralaxetlon 

There i s  a tendancy  becoming stronger among railway undertak- 
ere toward  reviewjng the regulation imposed on them for revie- 
ing some of the  laws  and regulationn now in force, beaeuee many 
regulating items 01) railway undertakings may be conaidered un- 
suitable t o  actunl situations. 

Take problem cases for example under the current regulation. 

convenience of usexs, but e o m e  of them require muoh time end 
There aro items obviously provided to  enhance  the benefit: and 

others overJapped ond necessitated t o  take from more than one 
trouble to get  through  the  procedures  established, and some 

yovernment  oryaniaaeion. (Refer to the Attachment-3) 

Under these circunatences, the nfnistry of Transport  began  in 

arde for zeviaion in suah a way as to reelize railways that MY 
1992 reviewing laws and regulations regarding teahnical  etand- 

meot  the socLel damande. After  hearing  the  demand% from 
undertakors. the MinLatry orgenized  the  study  groups  (train 
operation, rolling stock, civil, and mechanical). Each group 
held meetings, milking investigations and studies. And in March 
uf 1993, the f j r -et  revision of laws and t e Q U h Y t i O n 5  coMenmd w e e  
made. Fro example,  In '0rd.t'nnery Railway Structure Regulations, 

bo the total of the cuaKimum length of a train arriving and leav- 
the effective longth of station pletform had bean stipulated to 

maximum length of a train from which passengers get on an6 off, 
ing plus 5 motera. This was revised to read tlre total of the 

with locomotive or power cat  not included, plus 5 meters. &loo 
in this regulations. the overhead line had been stipulated to be 

'JW.6 was so revl Sod that the bottom limit is now 4.8 metors where 
over 5 meaters but less than 5.4 metere above the rail eurfaoe. 

head bridge. The revision thus made then uae Qxtraaaly elLghC, 
it is not so easy f o r  people to enter or leeve beaause of wer- 

not quite satisfactory to the  railway  undertakers. However. 
these groups continue  maklng  investigations  and stuaies for 
further effeative revision. 

5. Canclusi on 
> 

a position whcre its activities ore regulated in VRriOUe ways. 
The railway undertabing le a public undertaking, and it ie in 

Nevertheless, a move tu relax the regulation hoa baen beowinp 
stronger s i n a n  laat year. Close attensn.tion will be paid to the 

will be exorted to make a tailway undertaking that: will Owe not 
further movement.  t7cgardless of t M  regulation cplfo'omed. aEforte 

to hurt tho henefit and convenienae of users. 
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Attachment. A 

.- __ . - _. - __ Law System Regarding L l w  Railway Undertaking (Ordinary Rellwayl 

East. Japan Rail-  
Ministerial Ordinance6 way Rules 1 

I<ailway _.-- _.. 
Undertaking 

R a i . 1  woy Undertaking J a w s  
P:nfomernenl: Regulations 

l l n i l w a y  Undertaking 
hcmunting Regulations 

Rnilwny Accident Report 
Regulations 

I2a.ilway Undertaking  Ileport 
Regulations 

Rallway Structure 
In5pRCCiOn Regulations 

Railway Undertaking 
Inspection and Audit 
Regulation6 

Itallway Personnel Job System 

Ordinary Railway Structure Ordinary Railway 
Requlations 1 Rolling S t o c k  

StrumLlre R U ~ S  

Minisrerial ordinance 
regarding train apeta- 
t i o n  safety security 

Ministerial   ordinance 
regarding motive power 
opnrator dr iv ing  license 

Traak Arrangement 
Rules  

structure 
Arrangement Rules 

lxeutrical 
Structure Rules 

Signal 6. Cornmu- 
nications Equip- 
ment In6talla- 
t i o n  Rulea 

Train Operation Rules Train OperaCion 
Rules 

Rolling Stack 
Maintenance 
Rule8 

Track Inspeution 
Rule8 

Electrical Equip- 
m e n t  Maintenanae 
Rules 



Attachment-2 

Transfer Reguyation ( Permission, Authorization etc. 
from JNR ( O ) . , t o _ J R  ( X )  ( 0 - n )  - --. - 

Group 1 Croup XI 
approval, test, 

Group 1 x 1  
notfficn- 

.license inspec- tion, report 

. - ~ .  

J tern err, t ion etc etc OR or NR 
~ .- - 

Participation 
Info uneer- 
taking 

Application form 
f o f  participa- 
tion  into undor- 
taking 

Change in under- 
taking basic plan 

aonstruction 
Extension of 

period 

Change in minor 
undertaking basic 
plan 

Change in minor 
construction pian 

Construction 
omgletion inspec- 
t Ion 

Railway facility 
inspection 

Minor change in 
r o l l i n g  stom 

Fares ana charges 

Fare and charge 
discount 

Train- operation 
scheduling and 
chanpr in t ra in  
operation schedule- 
ing 

x *  0 

x-0 

x <  0 

x-0 

x - 0  

x-0 

x-0 or 0 

x 4  0 

x - 0  

x 

x - 0  

X t O  

Accident report x + o  

Mntrueting to/ 
from of train x *  
operation 

0 

I _ _ ~  



1 

supervision 

merging 
Undertaking 

Undertaking 
inheritance 

Juridical 
person 
(corporation 
dissolution 

On-the-spot 
inspection 

Change i n  
description 
on licence 

x +  NS 

x i  HS 

x c-- NS 

X - NS 
OR or NR = Own Responaibtlity ot No Regulacion 
NS = NO syeteu 

1. Xtems arrow marked denote  no change made when trans- 
f erred to JR. 

2. I t e r n s  marked in the same group denote that regulation 
contents were changed within tnat g r o u p .  

-- - 

2 



Regulalion agoinst. 
cnms w t t j  ch obvi nus1 y 
t u r n  corlvcx~i ent nnrP 
bene f i c i a l  t o  users 

Overlapped regulation 

l'echnical standards 
strictor than rnquirca 

Regulation: marly 1 Lems 
Ppeclal ly  npptcavod 

o Not i f ica t ion  should be made of 
discount j terns thak obviously 
become r e l a t e d  to t h e  benefit and 
convenience of users. 

o Notification should be made of 
all traine special ly   scheduled 
for  groups, events  etc. 

o Authorization  required for 

charges, even basic ones are 
establishment of fazes  and 

applicable, when a new station 
is open. 

o Items that require overlapped 
permission or author iza t ion  from 
more than one government orgsni -  
zation: - noT and HIT. for t r a c t i o n  sub- 

station facilities, generators 
for station emergency powem 

- MOT end HPT, for train radio 
source 

equipment 

D Procedures of explana t ion  to 
both MOT and Direcfor(6) of LTR 

o Items whose safety is confirmed 
from the past experience; - overhead l ine  height. deviation 
track center. materials, 
distanae f r o m  other etxuaturea. - Rei18 are used when tha currant 
for moving eleotrio cars 
re turns  to the traction aub- 
s ta t ion ' :   jo in t ing  resistance 
values of theee r a i l s .  - the length of easement curve 
added to  t h e  curve section of 
rail. 

v Rolling stock s t b c t u r e :  - passenger car saating is chair 
type, and the  seating c a p a a i t y  

passenger looding capecity; 
fs  s t i p u l a t e d  to  bo a third of 

however, there are many cas- 
specially approved of oleep- 
ing cars; Ozashikl-type cars 
room). end Mmmuter trnln  cara 
(floor m a t t e d  llko Jspaneee 

i 



7-- --I 

equipped w i t h  foldable seats 
and used as standing cars 
during rush hours. 

llrl f. form royul nt:io,n : o Passenger seating standards 

prJmar i ly  
case6 not appl Ccnhl e. applicable to rolling stock: 

- the above standards applicable 
to dining cars, lobby cars 
not primarily designed for t h e  

therofore, difficult to design 

demands of users. 

f 
I movement of passengar; 

I such cars' seating to meet the 

o Emergency braking  d is tance  of 
of train: - stipulated that the train 

must stop within 600 meters 
within 600 meters when brak- 
ing 16 applied for emergency: 
however, Chis braking 
distance applies event  to the 
elevated s e c t i o n  in whole 
w i t h  no level crossing 
provided. 

Regulation: model methods o Items regulated from the view 
not correct essential 3 y of materiala, not capacity: 

- passenger cer w i n d o w  pane, 
which should he safety me. 

Regulation: cases 
where preconditlorts are 

o Introduction of  n e w  teohnology; 

changed when rwtablished 
--indication method of cabin 
signal. which 6hows limit 

speed l i m i t  signal frOm the 
speeds in Pigures based on 

ground, not: by using  the 
ground signal. 

MOT=Minl.stry of  Transport 
MIT=Hinietry of International Trade and Industry 
MPY-Ministry of Post and Telecommunications 
LTB*I.ocal Traffic Bureau ' 
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bv D E Ra-n Board -ti& S t & e ~  a safetv. w 
Historical  Overview 

BR is the current  inheritor  of w 150 years  traditim  of  railway 
operation.  safety  of passengers has always been a high priority  but 
early  fragnentation  of  the inaustry (over 170 railway  canpanies) meant 
that annm standards were difficult to cbtain. 
originally there was alnvst a "free  for  all"  but  eventudly the 

noted  that there was great innovatian in sate p l a a s  - others wete 
regulating ba3y was given pck~ers to antrol activities.  It nust be 

sanetimes slar to respcnd. 
Cknamtratian was ~1 safety of passengers and in real tems rail 
transport was quite  safe,  but each railway anpany was inward loddng, 
not seeking art the best safety mgsnent systems of the mrld - they 
did not  always  challenge  thmselves about hck, nuch safer they  cculd be. 
m e  -is was cn nakimg the des so d t  that if folld, 

needs  of  the  people  follawing  the rules and the cmditicns mder which 
accidents  carldn't hap. No great mideraticn was given to the 

they worked. %ere was a culture  of "the trains nust  get through". 
Major advances  in  technical  safety of railway  were  often  brcught about 
follming  accidents, or series of accidents and it is useful to focus cn 
f a x  which  led  to sone mjor technical changes. 

CLhYIKN 'IUNNEL 1861 which led to  absolute  block working and telegraphs 
(but not untll 1874). 

mC23 1889 which led to continuous autmtic vacuum brakes 

QUINrINSHILL 1915 which  led to elimimtion of gas  lighting and 
replacement  by  electricity and 

8 W U D 9 W . E  which led to n a t i d  installation  of  AutaMtic 
Warning System 

brakes as well as give  audible  warning) 
(Note - AWS was introduced cn @iR in 1906 and dified in 1910 to apply 

Thrcaqht the period inpmements were mde to system  safety. In 

overcome h m  error tat not addressing h m  emor itself. 
every  case,  this was follming  accidents, adding new safety  devices to 

It is  interest- to rote  that the ancept of risk and risk ntanagenent 
is ahsent from  this excess - change  followed  real  failure,  not  the risk 
of  failure. 

P 
h 

i l  



Accident Rates m BR 

our records for perscnal acc idents   don ' t  90 back qurte as far as h e  
y e a r s  - ue do have gxaphs sk i -  passenger and staff fawlt les  f r a n  
1920 (see figures 1 and 2 ) .  

Note passenger fatalities are a t  about 90 - 100 per y e a r  fm 1920 - 
1950 wiM the HarrcM & WeaLdStme accldent ocau~ing i n  1952. ?he 
ra i lway needed mjor reburlding after the war - there was a big 
prqramne of rnadernisaticn  fran 1952 (AWS) and a mjor PI-Ogramne from 
1955 - 1965, f inished 1970 

- new T&RS (all steel) 
- new sigralling 
- nev track (ccntinucus welding) 

?he passenget f a t a l i t y  rate was reduced to abcut 35 per year by 1970 and 
then s t ayed   b road ly   ans t an t .  

Staff fatalities u=re mt s p e c i f i c a l l y  in earlier years 
because they happen in p e ~ y  packets, mt in larqe nmkers at  a n c e .  

1920 ' s to 1950 - akmt 220 - 230/year  m average 

&emisation made trackside safer 

- c a n t i n m u s l y  welded rail 
- marshalling yards  hlpmved 

M m h r  of deaths declined  rapidly 

Also changed techniques 
- m lcose shunting 

me nurber of fatalities s teadi ly   dec l ined  to abxt 20 through 1980's. 
Also the n d x r  of staff decreased as the railway declined in s i z e .  
mese graphs are not n o d i s e d  but even normalised figures shcw an over 
4 fold r e d u c t i m   i n   s t a f f   f a t a l i t y  rate. 

Grcvinq AoDreciatim of Risk 

?he last major investment pericd was 1952 - 1970. By the early/mid 
1980's the earlier parts of that new equiprent were themselves axing up 
for renewal . 

mere were 2 other mjor influences: 

1. a recogni t ion that BR had to be put on a bus iness   fmt ing  

- e i s  on markets and custaners 
- developllent  of  InterCity, NSE etc as "Businesses", called 

Sectorisation 

2. financial stringency 



?bus during  this  period BR was in  the throes of the m)or change to 
Sectarisatim, ufiich rntroduced new  interfaces and new decision  mkers. 
?here  were  oost/time  pressures f m n  the new sub-sector m g e r s  utro had 

muse of the pressure on costs, BR was reducing  the  size its workforce 
m direct rmibilities for  safety  but  c~rrtrOlled  the N s e  strings. 

and key  staff were d i m i n g ;  this led to a loss of  €=perienced and 
senior  staff - a lot of expertise d i m & .  

At the same t h ,  there was a great d d  of  technical  innovation,  all of 
which  placed  great  pressure cn w i e n c e d  technical  staff 

- resignalling sch- involving  solid-state  interlcckizq  (rather 

- new,  lightweight  trains 
- higher speeds of trains 
- east coast electrificatim 

' Xb  canpolnrl th is ,  the old culture an €28 was still to the fore 
- the "rule bode" ad ture  - F l y  defined standards 
- supervision  essentially by better  -tors, m t  lower  level 

- traditicnally  trained  wxkforce - "sitting with nelly" and 

- ambiguity  of resmibility 

than medranical  or  electmnechanical) 

managers 

fonnalised  training and apprenticeship 

- if  it  suspected an unsafe  situation, the rules were tight& 
traditionally trained  mnagement which was essentially risk averse - 

?here was little  if any process  of  monitoring and audlt  to  determine 
whether  the personal safety rules were being follaed (or could be 

infringement  in  order  to  get  the job anpleted in time. ?he idea  of 
follawed) and no feedback.  Junior  mnagement  turned a blind  eye  to  rule 

delaying mrk to  ensure it has done  safety was never  prohibited, h t  
equally  never  supported. 

?he  net  result  of  this  culture was to  increase  risk  within  the 
organisation. 

Charwe  Over  Point 

men whilst BR was identifying  these areas of weakness,  the  fire 
occurred at Kings Boss statim.  Whilst  this was strictly an issue for 

would  apply  equally to BR. Indeed, the BR Eoard anncunced  plblicly  that 
LUL, as events  unfolded it became clear  that  many of the lesscns 1-ed 

it  wculd  react  to  many of the  recormendaticns. 

As part of this  reccgnitian of the need for  change, BR appointed  Maurice 
Hob, then  Director  of  Operaticns,  to the new pxt of  Director,  Safety 

culture. His appointment was annamed shortly  after the publication of 
in order to  take a lmg close leek at BR'S safety performme and 

the Feme11 Report.  ?he F a l l  Report was the first mjor public 
report to discuss &ern safety mg-t methods and BR had realised 

K i n g s  Qoss fire. 
that  it had m y  of the mg-t shartccmings which resulted in the 

page3 



Junctim, winch kllled 35 -le, oocurred within 4 weeks of Maurice 
It was nnst unfortunate, in every sense, that the accident a t  Clapham 

~ o l m e s ‘  aprntment. Whilst i n  sane respects it helped BR focus sharp ly  
an m y  of the prcblans I outlined above, it also  resulted in a f u l l  
plblic inquiry w i t h  the natural  result of such an wiry 
- a lug list of recarmendatians 
- m priorltisatim amngst the recarmendaticrrs 
- m cast-benefit amlys is  of the reannedat im 
- r-tions prescriptive in nature rather than enabling. 

Neither E!R mr the Government felt po l i t i ca l ly  able to  reject any of the 
reccmnendaticns of the Re~0x-t  and the Government pledged  adequate funds 
to enable wrk to be h e  ( “ F d d i t i d  Safety Ekperditure”). 

BR’S priorities had always teen to address accidents wfiich carld lead to 
nultiple passenger fatalities. ‘Ihe risks to, and needs of, its staff 
hadnothadaNghena.qhpriority. I t h a d n o t ~ t h e t t h e r i s k  
of multiple passenger fatality a x l d  not solely be addressed thrargh 
tighter and tighter o p e r a t i d  and technical stankrds tut relied 
heavily on people’s b e h a v i m  and mformance to stankrds. 

&e of the internal cutcanes of the Clapham Junction accident was to 

safety management was r-ised. ?his led to the eqloyment of m t ,  
fccus BR’S awareness on these issues. ?he need for a step change in 

not c n l y  its approach ht the views  of  the workforce. 
a leading a n p n y  in safety mmagmt ,  to advise BR cn kw to change 

?he w r k  w i t h  IXlPmt led to the issue of the BR Safety Wgement 
Pragm and together w i t h  significant Hidden -ti-, the 1991 
BR Safety Plan. 

Out= of h-iontisation Study 

In additicm, BR required a methcdolcgy to oontrol the spend an safety 

remrmendatims of the study w i t h  Wmt I t  was not acceptable to 
improvement required as a result of the Hidden Reumnsdaticns and the 

allw uncantrolled spending i n  the name of safety. 

To this end, BR set up the Safety Investment Panel  with a remit to  
control the spend and develop a methcdology to i d e n t i f y  priorities and 
ensure best value for m e y .  

investment. 
I n  sinplistic tenns, the mthdolcgy was ts follcw for each request for 

- identify the loss events which the project addresses - i d e n t i f y  the change in loss that the project w i l l  bring abcut - identify the project mst - calculate  the  project s a f e t y  cast/benefit ratio 



?he prioritisatim mewlogy involved a very  crude pmcess of r i s k  
asses-t ard c l e a r l y  indicated the need fa r  fur ther  develcpnent i n  
this area. ?he Board focused much attention on the need for risk 
analysis, and p a r t i c u l a r l y  quantified risk a n a l y s i s  (W). It 
amnissioned a d l  nunber of projects hut it rapidly became clear that 
this was a p x e r f d  and valuable b l  which mre widely applied. 

~n the meantime, work -tin& on m's resignalling p r c g r m  &t w i t h  
the changes in  maMgement of S&T rescurces requi rd  by the Hidden 
recannendaticns, it was c l e ~  that the pmgrame could have to be 
adjusted to balance rewire-mt with resaxce, and hence a p m s  of 
prioritisatim was required. 

?he "Hesketh" study was set up to identify priorities for resignalling 

Resignalling of the La%3n, Tilbury (L Satherd Division was identified 
as des=- earlier. ?his qxn off two additianl pieces of work. 
as a high pr ior i ty  hut warld have to take place in stages whilst the 

catas- vulnerabilities are identified and centrals established; a 
railway antjnued to cperate. pu\ has been enplavea to ensure that the 

further cutmaes will be a raodel "safety case" for such 
projects. 

provisicn of  adequate ding routes as an i n t e g r d  part of new 
In addition a cost effectiveness study was -en to evaluate the 

provision into standards. 
resignalling schemes. ?he anclusicm ShaJed a benefit in building this 

~xamples of risk analysis  projects which have teen ducted during 
1992/93, w i t h  inp3rbnt pr ior i ty  ard value-fcu+rahey inplicdtim, are: 

(a )  ?he H i d d e n  Report  gave significant support to the Autamtic  Train 

developnent and installatim. Work has proceeded to identify a 
Protection (ATP) project and to the acceleration of its 

suitable technial system and, in  parallel, a safety evaluation 
exercise has been undertaken, i n  anjunctia: w i t h  consultants, to 
establish the value of the safety benefits delivered, the extent 
to  which this justifies a programne  of installation and, if so, in 
what  sequence and to what ultimate pmporticn of the BR netmrk. 
Ihe  exercise has used QRA principles and has brcught a very useful 
preliminary  focus to system size, mte priority and 
value-for-mey ccsrsideratians. ?he u r k  1s c u r r e n t l y  being 

established a strategy for ATP. 
sens i t iv i ty  tested and refined, prior to discussim with Olp to 

(b) A similar type of  approach has been mde to the vulnerability to 
mjor accident or derailmnt  at sites of Men rails and rail 
welds. Detailed records are kept  of the locaticn and types of 

w i t h  type and age  of rail has been dertaken for the In t e rc i ty  
breaks, and during the y e a r  a statistical analys is  of rail breaks 

high speed routes. W e  is n m  available to managers determining 
track renewal prtgramnes for Intercity a risk based guide to 
rend miderati- ,  cm grumds of rail type, age and speed 
usage. Most significantly the study has sham that rails older 

frequent fracture and are thus a high safety p r i e t y  for renewal. than 40 years and still in high speed use are prone to nu& m e  



(c) Much of  the safety benefit of ATP derives fmn the preventicn of 

with  the ATP work, mideratian has teen given to the  feasibility 
Signal Passed at k q e r  (SPAD) driver irregularities.  In  parallel 

of m s t  effective measures to mitigate  the  effects of SPAD 
incidents. Part  of  this mrk cawems crashwo r th ine5S  to which 
reference is made. A further hprbnt part of the work has 
focused in 1992/93 m PeMnent Way  layout diguratiau and 
signalling  principles. 

Briefly,  if the design  of  the  railway infrastructute can be SO 
anfigured to minimise  the  effect  of a .$PAD, then it  is  worthwhile 
to reanfigure or protect  locations  vulnerable to S P D  with 
catastrophic  ccrrsequences. w i n g  the year  a programne of QRA 
supported w x k  has been undertaken to identify risk lccatiaas and 
to revise  sigrdling  principles to mitigate  against the effect  of 
SPADS . 

(d) Fire  Legislatian:  the pwt F-1 changes to legislatlm involve 

Regulatias are oouched in a highly prescriptive fom thi& if 
the re-certification  of  nost  of the larger Ba stations; the 

interpreted literally by the p1ethm-a of Fire Autbrities xumd 

Baard therefore  cannissicned w cn two nnjor rndon stations and 
the cocpltry a d d  iqce an enornuus fiMncial turden m BR. 'lh? 
ocmpared the desirable measures of  inprovement  identified by this 
analysis  with  those  required  by  the  new  Fire  Regulaticns. ?he 
magnitude  of  the cost differences  was such that steps were taken 
to  gain Ladm Fire  Brigade SUpFort to a risk based, prioritised 
p q a n m e  of  fire  certificatim  for Landan staticns; the 
involvement of the LFB in w appreciatim  led to a f d  joint 
agreement to a staged pnqranm of  priority works and, 
inprtantly,  to a Ccde  of  Practice  permitting  sensible 

mre mstly requirements of  the  Regulaticns. ' Ihis uxk also 
interpretaticn,  against  risk ansideratims, of a nmhr of  the 

which  res>zited  in a r-tim that  the  code of h-actice be 
dllcwed BR to make a significant  inplt to the  Apple-  Inquiry, 

Authorities.  ?he  A@etcn  ccnclusion  that  safety  legislaticn 
endorsed  by  the  Office  for  use  by the provincial  Fire 

basis was fully supported by BR's QRA approach to fire 
s M d  in  future be formulated mre cm a performance standards 

protection. 

(e) QRA has enabled  the  cost  effectiveness  of a nlrmber of the  Hidden 
reamwm3atia-s to be examined clmely. Most  significantly, the 
Hidden 18 Hours of Wrk standards have been reviewed  in  the  light 
of an important statlstid study of  driver  error in the context 
of  time  at work. By  tracking well dccmented 
signal-passed-at-dmger (SPAD) incidents and lost time accidents 

canparative  study of driver  vulnerability  to error has been 
through natimd payroll reoords of  time at mrk circllrrr;tances, a 

undertaken,  which  challenges  the  present, judgmmtally derived, 

mintained in place its "interim" h a a s - o f d  standards, pendins 
framsmrk of Hidden 18 Fkxus of Work. As a result, the Board has 

further studies  of  other work grmps, their  safety performance and 
their  working h s  envifinment. 



?his wrk will  form part of  the inpt to H(LSE tcwards their 
prcp3sal to issue  regulat1a-s wering train  driver burs, and 
cculd  potentially  form a valuable inpt to ansideraticn of the 
working kurs issues  withln  the ~unpean Social Charter. 

major experditure fran having to kuild in additicnal  rest 
-time, the lMinteMMz of the "interim" standard has obviated 

prwislau, as envisaged  by the first jdg-tal approach to 
kurs of duty and fatigue/exhaustim  crrrsideraticns. 

It  is m useful to return to the prioritisaticn  study. 

?he  result of applying  the  rrrethoaology w s  a table  of  projects  which 
shewed the ccmplted safety  benefit  against  cost, nreasured as the anumt 
of  safety  benefit per Elm spent. Sane exanples are ShaJn in figure 3 
which  indicates  that the benefits  ranged  frnn mre than 3 to less than 
0.01 safety  benefits per f l m  spent. 

i.e. the oosts of  preventing a further death ranged fron less than 
f300,OOO to mxe than f lOh.  

A n m b r  of  important  factors were expased by this work: 

- m y  of  the m t  effective schemes were relatively  cheap 
- that  thase changes imp3sed by  legislatim  or the reammdations 

of  plblic  inquiries  were  relatively  expensive 

An analysis  of  the costs and benefits  fit  perfectly into the Pareto 
principle: 

46% of  benefit - fram 13% of cost 
92% of  benefit came fran 37% of  cost 
77% of benefit came fran 31% of  cost 

Figure 4 shcus this  effect  with  the  cost  bandings  to  ccmpare  with  the 

mre than f 4 . h .  
figure  for  road  iqrovenent ( E O . & )  and then f l . h ,  € 2 . 0 ~  E 4 . b  and 

?he work has been discussed  with H&SE and agreed in principle, and it 
has also been presented to arp and HMp but  not  yet agreed: the  parties 
involved  including LUL, have  carmissioned a unprehensive  review  of 
available research, hich is  still  being  carried  cut.  In  the  absence 
of  agreement m any firm ~ ~ x i r r m m  guideline, the Board, thrmgh Safety 
Panel, has adopted a practice  of  examining  carefully any scheme  that 

optim to meting the full  expenditure.  where m alternative  options 
fails to meet a E l m  per ELS threshold, and of seeking alternative 

have been identifiable and the scheme jdged necessary in pursuit of 
legal obligatiw, Hidden oarmitments or the Board's specific  safety 
cbjectives,  then schemes up to  the fan have been approved. An exoepticn 

h e  even higher figures  have been accepted. 
has been made  for schemes responding  to the recent  fire  legislatim, 

'Ihe basis of this mrk is the mtmne of M's prioritisaticn process and 
the "willingness to pay" principles,  inv0lvir-q sane of the leaders in 
this f ie ld %kse wcak indicates values of E0.h  to flOm to prevent a 
death. 

i 



It s W d  te mted in this cmtext that,  using the sam principles of 
"willingness to pay" New zealand Ministry of mansport have  recently 
increased  their sped- cn impr~~-ts at  level  crossings  by a factor 
of 10 frun  the  previ-  figure. 

rn parallel to the w x k  I have described, I% scught to broaden its  basis 
of safety  evaluation u x k  to pmvide its ma~gers with an insight into 
the  ccmparative  safety perfomce of BR ad indicate  the  types  of 
eysis-ad activity  that could give  significant  safety  imqrovenent to 
the industry. 

has been made of the frequency a d  severity trends (F/N curves) of 
Firstly,  antinuing work first started in 1991/92, a detailed  analysis 

perf0 
railway  accidents,  with a view to pinpointing  critical areas of  safety 

technique that not cn ly  piqmints differential  safety performance kut 
marice. FIN Orfe analysis is a recoylid safety mgenent 

also d,kws historic and ink-industry anpariscns. Tugether with risk 
analysis, this type of analysis of BR carparative perfomance has prwed 
a useful nwns of focusing  priarity areas of  safety  attention, e.g. - 
- 

canparison  with Dzcpan railways 
single passenger fatal  accidents, where Ipz perfommce is paa in 

- dtiple passenger fatality  accidents - risk  of  allision through 
si& overrun 

workforce  accidents, *ere fatality  levels  of "exposed" workers is 
high  in  CcmparisM  with  other UK risk  industries, 

x3 that  appropriate  effort,  reesoutces and m e y  can be directed at these 

n d r  of the Board's specific Safety  Objectives in 1992/93 and in 
areas of p r  oanparative  perfo-ce.  ?he  analysis  underpinned a 

93/94. 

'The CuNes in  Figure 5 show m jor  changes  in  risk  prfornnnce pt-7947 
and the demisation but  since  then  little  change  in the rate for 
single, or lcw nu&er of  passenger  fatalities,  the  improvement is at the 
high-multiple e n d ,  brought  largely  by  inprov-t in carriage 
design. 

seoondly, BR perfomce has been mnpared with  available H&SE advice on 
tolerability  levels  of  risk and resultant  safety performance; the 
adoption  of H&SE "AGARp" principles  to  specific areas of 8R performance 

objectives. Such an approach has highlighted: 
is seen to be a justifiable means of  focusing respmse to  safety 

(a)  the mtritrutim that inproved door safety can make to the overall 
safety of individual  passengers in transit. Fron this has stem& 
during the year a wrked-up pzcgranm of slam door stcck 
inprovenmt,  ocmprising  the  progressive intrductim of mdified 
door locks, inproved mintenance and t r a i n  despatch arrangenb=nts 
4, for InterCity slam r b x  stock, the introductim of c k u  bolt 
arrangement  which  prevent a slam door opening whilst the train is 

Board's safety  benefit guidelines, and will deliver over 3 years a 
in mticn. %is cost& programne has kern evaluated against the 

substantial inpmemmt in pasmqer safety. 



(b) The po3r  axpa-ative  safety reoocd amngst rail  trackside Workers, 
h e  performance  approaches  the minirmrm tolerability  levels 
acceptable to H&SE for ex~osed wrkers. ?his has pnn@ted an 

hpsrane by track uorkers, their  supervisors and I"Vt and in 
industry priority  for the take-up of the  Safety mg-t 

particular  the  inplementation  of pre-mrk briefing,  safety W t i W  
ard safety walk-abcuts ard inspectians.  ?he marked reduction in 

effort a d  experditure incurred. ?he Board have  further  attached 
trackside  fatalities zn 1992 a d  seen  to vindicate the focused 

special  priority to a detailed  examination of safer ways of 
arranging a d  supervising  trackside  engineering - the Eccles 
Project.  Ihe reprt, ISOW to hand, des prcpasals for 1- term 
irrpmvemnt of trackside  safety to levels within HBSE minimm 

its  principal reamedaticns. ?he  recarmendations  will  farm the 
tolerability limits, and uses safety  benefit  appraisal to justify 

basis of a nrajor evaluatim and inplemntaticn project during 
1993. 

(c) Ihe f x x q x m y  of ria* rail accidenb, hvolving rmltiple loss of 

with other risk  inaustry aims of  achieving  frequencies of better 
life a&, at abcut 1 every 15 years, rum oplpares -y 

areas of  catastrophic  vulnerability  of  railways:  engineering, 
than 1 in 50 years for mjm accidents. l h i s  has highlighted the 

&tenawe sinr tamings,  and has prcnptd  careful  -ideratian 
design and installaticn/-tticn,  operator error and 

of catastrcphic risk  reducticn in these areas of activity, thraqh 

quality,  anpliant kshvicur. the  intrcducticn  of riwnus work systems  ufiich underpin high 

Thus the Board's Supplier  Accreditation and BS 5750 m i t y  
Assurance  initiatives  are seen to have a place in antributing to 
safety  objectives and have been subject to safety  expenditure and 
-fit  evaluaticn. 

?he  mitigaticn of the  effects of pstentially serlous incidents  by 
improvea crashworthl 
important  contributor  to  this  area  of  safety, and the Board has 

'ness of  rolling stock is also seen to be an 

supported a p r c y r m  of investigative work here, and again 

design standards. 
against  safety  expenditure and benefit  guidelines, sane changes in 

(dl ?he need to review the safety arrangements for the  conveyance  of 

of  the tanker fleets and a series  of  recent  axle  bearing  incidents 
hazardous materials by rail,  where ccncem over the  age  of m y  

basis,  the  safety  perfonname  of rail- mterials in 
prar@ted  the  Freight  Business to investigate, on an objective  risk 

caparison with H&SE guidelines.  ?he work anfirmed  the overall 
acceptability of rail  operati-  but  remrmended that catastrcphic 

examination and maintenance arrangmts; a focused and cwt 
vulnerability be inproved via a simple  Upsraaing  of  axle  bearing 

effective resp3nse to a lw probability tut high consequence risk. 
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other work which had rn cut  of t!!e most  recent BR reorganisation, 0 

mnpetency  continued to focus on BR' s needs en3 ensure  in these areas, 
for Q on the StardKds Organisatlon,  safety valrdatlcn of change and 

too,  there was (and is)  the  best  return  pxsrble rn mnagement  effort 
and expenditure. 

Further  Develccmnts 

While the safety  appraisal mzthod was apprnpriate to the tenporarv 

deal  with  the needs of  safety  within  the  integrated  decision making of 
arrangenents of Additid Safety  -ture,  it is not  sufficient to 

the mmd business planning and buagetirg process which  will  apply  fran 
1993/94 cnwards. With the help  of the same consultants, the Baard 
enbarked an a prcg-ranm to develop a p d u r e  of safety  expenditure 
appraisal  for use cn the lcnger term. 

Ihe results extad bee the strict amfines of  safety to provide an 
integrated aFproach to mre general eqxditure decision making. zhe 
S M y  has sbm, with ansiderable  participation by the IMnagement 
w, that  if the Board is to address effectively both cemaercial and 
safety amcerns, it will be desirable to aaCpt an cbjectives orientated 
approach to decisian making in which i t a  of apeditute are cansidered 

clear and justifiable  way.  ?he approxh provides a f r m r k  for a 
in tern of  their mtributicn to the cbjectives  of the Businesses  in a 

rigo- process, both  for  establishing the cbjedives and for 
determining  which  schemes and activities s M d  best be carried cut in 
order to meet  those  cbjectives.  It  enuxrages  demluticn of 
responsibility and authority  wbich permits nnnag-t  teams to establish 
their own objectives  while  taking  into acrmnt influences f m  higher 
authority and e x t e d  obligatians  in a structured  way. 

In this sense,  the  approach  is  consistent  with 0 for Q, and as far as 
m y  be envisaged is rot incclnsistent  with  the  future  structure  of  the industry. ?he  application  of the approach has been successfully 
derranstrated  during a pilot  study on the LT&S Division  of NSE during 

Centres and used  in  cutline as  part of the risk scanning exercise  in  the 
1992, and its cadinal elements  have been annumicat& to the Profit 

management terms during 1993, with  appropriate  training and support. 
1993/4 Business  lxdgets. The approach  will Se prqressively exposed to 

The  longer  term  approach,  described  above,  still  requires  the Board to 
provide  guldelines on value  of  life on the  railways.  Ihe Board's upper 
figure  of f2m per equated  life  saved (ELS), first  discussed  with DTp 
early  in 1992, has  been reviewed, canpared with  practice  in  other 
industries and w l t h  published  research mrk. 

But BR has to be aware  not  just of its  "absolute"  risk  performance  but 
also hcw its  safety  performance is perceived  by  the  outside  world.  For 
example,  it  may  have  to  apply  weighting  factors cn its risk  reduction 
S& to reflect pblic aversion to certain  types of incident 
- rail  incidents, no mtter k w  severe 
- multiple  fatality  accidents 
- size  of  accident - cause of death 
- note aversion  e.g. to radioactivity 



BR is  undertaking a range  of  studies  with  the  University  of  East  Anglia 
to  identify  srgnificant  risk  aversicn  factors so that  these can be 
injected  into  the  debate. 

It is already c l e ~  that  different modes of transport carry different 
levels of risk.  Broadly  speaking, all nodes of pblic transport are 

dccummt on "Risk analysis  perception ard m g m t "  shows that over 4 
very  safe as far as their passengers are ccncerned. Ihe Royal Society 

year periods the relative  risks fran travel by road and rail were as 
follcus: 

1967-71 1972-76 1986-90 

railway 
catandtaxi 

0.65  0.45 
9.0 7.5 4.4 

1 . l  

~eaths per 109 travelled 

E 

~ ~ t h a t e v e n i n t h e ~ t 4 Y e a t p e r i o d ~ c h i n c l u d e d b o t h t h e K i n g s  
Qass fire Md the Clagham JwxAicn collisicn, rail is 4 times safer 
than car or taxi transpCnt. In the other periods  it is abcut 15 tines safer. 
All this rrmst influence  the  investment  level  for  safety OII the  railway. 

agreed which will deliver  further  inprovemmt  at reascMble cost. If 
It is already a very  safe means of transport and objectives  have been . 
rail  is  to be made safer  still  it will: 

t 

. 

- drive in additid  ast 
- raise fares 
- force passengers cnto roads - increase  overall  risk of death 

Tarset  Risk  Levels 

necessary to set  target  risk  levels.  But  it  is also clear that the 
R a n  the  above  it  is  clear  that in order to nnrnge railway  safety it is 

achieving  then and in  not making the  railway so expensive  that  -le 
target  risk  levels  nust be cost  effective,  both  in  tenns  of the cost of 

change  to  higher  risk  forms  of transprt. 

We are nud building  significant  new  railways  for  the  first  time  in a 
generation and decisions also have  to be made cm the  risk  criteria  for 
design, owtructicn and operaticn.  'Ihese  railways  will  not cnne into 
operatlcn  until  the  turn  of  the  century. 

It is clear  that it is m lcnger acceptable to build to cxltmded, 
prescriptive standards which do nothing to advance  the cause of  safety 
but  which  at  best  freeze standards at the current  level and prevent 
innovation. 
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lhese  prlncrples ttucu up a a l e s  of challenges saw internal to an3 
sane of a wider  mture: 

Internal 

- must seek a balance betwen safety  investment and amnercial 
invesmt to  meet  its overall objectives in a balanced way 

- BR must  control the risk braght abut by  antinual  rearganisaticn 
w i t h  further diversion of mgenent attention fran the safe 
running of the  existing  railway 

External 

1. 

2 .  

3.  

4 .  

5 .  

New Railways 

- 
than today kt it  is passible to reach nuch higher standards 
the ament principle  is that they should be no less safe 

0Ut-Y 
when starting fmn scratch w i t h  very little additid 

- dedicated  high spes3 track  e.g. TGvl 
- mixed traffic? 

- m t  standards sharld be used fo r  canparative plrposes 

HCw far shculd BR take public prceptim of risk into accumt? 
%is  is  in a back- of  political  decisions on investment and 
the  legal  implications of safety  legislaticn defined in tenrs of 
reascMhly  practicable. Hcm much should be spent to prevent 
incremental deaths and injury? 

How should we react  to  another "Hidden" inquiry here 
recumer&txns  may be made  wzthcut risk analysis or cost  benefit 
analysis? should terms  of  reference  for  such  inquiries be rrplch 
mre tqhtly pkased? 

?he  cost  effectiveness  of n a t i d  safety  legislation nust be nuch 
mre clearly  defined.  Despite  the H&SW Act, mudr legislaticn  is 

viz sbsurface station  regulations: 
st111  arbitrary and prescriptive  chasing  the m t  recent  accident 

- regulaticn  requires a goal setting methodology with  the g a l  
clearly  described and understocd and adequate cost benefit 
analysis undertaken before  intrcductim,  rather thar 
justlfled  later 

?here  needs  to be a level  playing  field for all parties in setting 

does rot necessarily msan the - threshold of spend or value of 
standards and agreeing  activities to met those standatds. "his 

set of principles  frun hich cost/benefit can be d d a t e d  in a 
life,  but  must mean that  ccmpeting des of transport use a annm 

cansistent  way. 



swllrary 
BR is a lcng established organlsaticn that had beam? thorougfily inward 
looking. As the  biggest UK railway operator it believed It set the 
standards and 50 became carplacent in its s a f e t y  mar%mmt. It didn't 
challenge itself enough. 
After Clapham it felt  itself  politically d l e  to relect the 
recarnrendatians of the public inquiry. lh is  led to diversim fxun 
its develcping r i s k  mmgment approach. 
A great deal has been achieved since then m w e t s ,  investment 
prioritisaticn schanes and in develcpins intematianally ccqdrable 
standards and practices. This process is smnarised in Figure 6. We 

accephble  levels of railway safety perf-. 
are still in the learning proces~ but we n35 need sam guidance as to 

- what sharld be the safety pfxfonmnce of the existing railway and 

?he Railways (Safety Cases) Regulatians will require n m  cperators to 

wisdon 
state their safety perfomme levels ard they m y  Menge accepted 

what in new milway 

- i f  an appeal against  safety validatim refusal is made to the 
Secretary of Sta te  for Transport, he w i l l  be required to set such 
perfonrance levels. 
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I Figure 3 

SAFETY PROJECTS 

. 

Project 

Safety fencing 

Safe  work procedures 

Maintenance  Manuals  update 

Additional  ultrasonic  testing 

Power door  mods 

Stepboards  on Parcels vans 

Addn.  cable & track inspections 

Fire  training  initiatives 

Bridge  scour  repairs 

Operation Safe Cess 

Lighting  on  ballast  hoppers 

Operation  Clean  Sweep 

Radio band  conv 11/111 

Safety of station  lighting 

Public  address  system 

Enhanced  braking 

Waterloo & City  fire  precautions 

Parcel  van  rebogieing 

W & C fire comms 

Prevention of Legionnaires  disease 

Liverpool St fire  precautions 

Merseyrail  fire  precautions 

Birmingham New St fire  precautions 

Safety  Benefit 

15.6 

11.3 

6.51 

4.43 
3.5 

2.65 

2.1 

1.59 

1.38 

1.02 

0.93 

0.88 

0.74 

0.72 

0.52 

0.41 

0.32 

0.30 

0.1 6 

0.1 3 

0.09 

0.05 

0.01 

CostIDeath 
Prevented (Em) 

0.064 

0.088 

0.15 

0.23 
0.29 

0.38 

0.48 

0.63 

0.72 

0.98 

1.08 

1.14 

1.35 

1.39 

1.92 

2.43 

3.1 2 

3.33 

6.3 

7.7 

1 1  

20 

100 
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"SAFETY CASE" 

Definltlon 

A document  by which an  organisation sets out  to  demonstrate its 

acceptably  safe and  proper  manner. 
abillty to  conduct  a  particular  operation or activity in an 

Safetv  Case  Contents 

The  document would normally include:- 

a description of the  activity  concerned 

an  identification and evaluation of the risk  involved,  including 
qualitative and, where  appropriate,  quantitative assfssments 

a  description of the  Safety  Management  System  demonstrating how 

acceptable level of safety. 
those  risks will be  mitigated  and  controlled to ensure  an 

"Guidance Note" 

The  term  "Safety Case" is well  used in general  industrial  safety 
jargon. I t  is often prefixed e.g. 

Nuclear  Safety  Case 

Off-Shore Oil Safety Case, or 

Railway  Safety  Case 

The  principles of safety  cases  are  the  same, i t  is only the 
application that differs. 

There  are,  however,  a  number of "dimensions" applicable to the term 
"Safety Case", there  are  dimensions of time,  place and  depth. 

i l  
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Time" 

A 'Safety Case"  is  written a t  a particular  point in time. I t   may 
demonstrate  the  safety of the  specified  activity as opera t ing   a t  that 
moment, or a t  t h e  moment in which the  act ivi ty  commences if i t  is a 
new  operation. 

I t  is,  however,  a  living  document, i.e. it should be  updated  as 

document  against  which i t  can  be  Safety  Validated, or Audited. 
appropriate so that   the   safety of that  activity  always  has  a current 

This  means  that from time to  time a significant  change  may  be 
proposed  to the actlvlty. T h ~ s  could come  about  through  an 
Investment  Project, a change in management structure or organisation, 
or change  brought  about by significant  changes in t he  market. 
Subjecting this change to  a  "Safety  Case" is a perfectly  valid 
application. In th i s  situation, i t  would  normally  identify  and 
measure the risks and  variation In safety  performance  envisaged to be 
brought  about by t h e  change, and t h e  effect that   these will have on 
the  ongoing safety of the activity. In other  words, i t  forms an 
"amendment" to   t he  "Safety  Case". i f  the  implementation of t h e  
change  itself  incorporates  safety  risks ( e g  a major  construction 
project) this too would be  subject to the  "Safety Case" process. 

In this  latter  situation - i.e. when a major change  is  being  proposed 
- i t  may be relevant  to  produce  "Safety  Cases" a t   d i f f e ren t  stages of 

safety  implications during the  design o r  initial approval  stage of a 
a project,  eg  a  "preliminary"  Safety  Case  to  outline  options and then 

major  project. A more  detalled  and  comprehensive  "Safety  Case"  may 

have  been  made  and  thought  through. 
then  be  prepared at a  later  stage  when t h e  initial  planning  decisions 



"Place" 

A "Safety  Case", of course,  may  be  applied to  many  industrial 

of an  activity or to  a "whole" activity. 
activities or many  locations. I t  may  apply to  one  particular  aspect 

Case" or "off-shore oil Safety Case". The term means  the  same.  The 
Therefore,  it  is quite approprlate to find  terms  like  "Railway  Safety 

application is different. 

On the  railway,  we  have  already  applied  the term, quite correctly, to 
a number  of  activities very  different in scale  and  geographical 
coverage, eg: 

The  Trainload  Freight  application to   the  local ised flow of 
hydrocyanic  acid in the Billingham  area. 

The NSE application t o   t h e  LTS  Division, with inclusion  of t he  
major  change being brought  about by the  resignalling  proposal. 

The  preparation by Union Railways of a "Safety  Case" for t he  
proposed  new high speed  railway  between t h e  Channel  Tunnel  and 
London. 

The  proposed EPS "Safety  Case" for certain  activities  (ie  train 
operation) for which they will be  responsible  after  the  opening 
of the  Channel Tunnel,  which might  include  interfaces  not  only 
with  other BR Businesses, but  also  Eurotunnel,  SNCF  and SNCB. 

"Deoth" 

The  detail of the  "Safety  Case"  should  be  appropriate  to  the  risks 

could,  in  theory,  produce  a  "Safety  Case" for very  simple acts like 
identified, or the  significance of changed  operations proposed. One 

resultant  document would be  short  - perhaps  one or two  pages - and 
operating a Wordprocessor, or moving  parcels  on  a  platform.  The 

simple  ranking  system  like  the "5 by 5" matrix  commonly used on BR as 
the  risk  assessment would be  descriptive, or if quantified,  using a 

taught on the Hazard  Management  Courses. 

At   the  other   extreme,  a  new  railway  operator  may wish to propose 
revolutionary  modes of operation  in  safety  critical areas, or a new 
technical  facility of some  complexity  may  be  under  consideration. In 
these cases, a degree of "Quantified Risk Assessment" may be expected 
within t h e  "Safety Case", perhaps  of a falrly sophisticated variety. 



A railway  owner,  operator  or  manager  may wish to  produce  a  "Safety 
Case"  for  a  variety of valid  reasons. Some of these  are given a s  
examples below: 

To demonstrate to himself tha t  a hazardous  activity is under 
proper  management  control. 

of an  activity. 
To ensure safety  is  properly  considered  in  the  design or planning 

To ensure  that  expenditure or investment is cost-effective, i.e. 
that  safety  measures are appropriate  to  risk,  neither  inadequate 
or unnecessarily  excessive. 

To meet  internal BR, Railtrack or Business  management 
requirements  as  part of  a Safety  Management  System. 

To meet  "Railway Safety  Case"  legislation,  for  Validation 
purposes,  as  proposed  under  the  Railway  Privatisation Bill. 

To meet  other  legislative  requirements. 

To control  a "high  risk" activity, or use as   par t  of a process t o  
improve  safety in an activity wshere safety  performance  has  been 
of concern  to  management or s taff .  

To allay public or media  concern, to  demonstrate  whether  this is 

strategies. 
substantiated or not,  and  identify  appropriate  communication 

"RAILWAY SAFETY  CASE" 

In light of t h e  above  explanation of safety  cases, we can  simply 
define  a  railway  safety  case as:- 

"A Safety Case prepared  pursuant to 
regulations 3,4 or 5 z f  the  railways 
(Safety Case) Regulations 1993". 

end 
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AnAwroachtoTakimPublicperoeD tim of Risk into 
auxxmt, in settinq a 'Value of  Life" 

Value of Life 

horn the analysis of the results of  the  prioritisation of the "Additicnal 
Safety  Budget"  portfolio  of  projects, it was provisicnally agreed that Ba 
a d  use a 'Value  of  Life" (VOL) of €2 million per "weighted"  safety 
benefit to justify  safety  expenditure praposals. 

This was established by identifying  the pint at  which  the 
cost-effectiveness of projects  dwindled  sharply, and by an analysis of the 
effect  of  applying  different thresholds and assessing the results, eg: 

VOL 
Ekprditure 
% of Tbtal Safety 

€600,000 15% 
(Road VoL) 

€1 million 30% 

€2 millim 45% 

% of  Identified 
Safety  Benefits 

45% 

77% 

9 2% 

The  remaining 55% expenditure  included  many  "high  profile"  projects, 
required to meet  the  public  carmitments  given to the  Fennel1 and Hidden 
Inquixy  recarmendations . 
BR declded to allow safety  expenditure  to be justified  when the VoL was 
better than El milllon  per " S ' ;  to allow expenditure  after  exhaustive 
consideration of  options and checking of analysis,  when VoL was between €1 
and €2 million  per "SB"; and to  reject  expenditure over €h per SB, d e s s  

requirements). HSE and arp were  advlsed  accordingly. 
there  were  significant  other considerations (eg anpliance  with legal 

Whilst this guideline was implemented  during  the 1992/3 and current m e t  
years,  the  Safety  Policy  Unit  advised  you  that  academic research existed 
which  would support a mre sophisticated  calculatim  of the VaL threshold. 
In particular,  the  public  averslon  to risk of  multi-fatality  accidents, and 
accidents  where the nsk-taker  had a very law cmtrol over that risk, 
suggested and suppcated the  higher BR valuaticn  of  life. Howwer, for sane 
individual  types  of  accident, the agreed arp "road VaL" was apFncpriate. 

i 
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'Ihe  suggested  values  were: 

f 700,000 
( R o a d  VaL 
updated  for 
Inflation 

€2 millicn 

m r s  of  Public on BR property 
( e g  Statim 3 ,  Level  Qossings) . 
Passengers on trains  where om acticns 
were involved in risk taking (eg joining or 
alighting  fron w i n g  trains). 

wloyees m mnml wrk situati-. 

Menbers of  plblic in nei- of railway (at 
risk fmm derailment, release of twic vapaas, 
fire  etc  following  any  accident) 

P a s s s q m i  imrolved in train accihts. 

Fnployees expcsed to high risk because of the 
nature of  their duties (eg tradeside workers 
WhereBRhadaspecialdutytoensuresafe 
system of work to protect staff safety. 

'2he  policy  unit also postulated  that  there oculd be further variatim fran 
these  tMs ram, eg 

i) a larer value (?  50% of Road VoL) for msnbers of pblic and passengers 
deliberately  placrng  themselves  at  rlsk (VaTdals, trespsers ,  
suicides . 

ii) a higher value (E2 nullion x aversim  faCtar) when "catastmph.ic"  risk 
coupled with  perceived pblic anxiety  were  ptentially  present 
( u d e q n x d  fire/fladq; mjor accident involving release of toxic 

or radiatim). 

AS a result  of this, the  Safety  Policy  Unit  cnnnissimed a study by the 
mvirammtal Risk Unit of the University of East Anglia (UEA) to reseafih 
literature on the subject and reummd a VaC rntbklcqy for BR that tack 
pblic perception  of  risk into aaxamt. A draft report fron UEA is IYW 
available SUFparting the concept  that  single VaLs based on m c  criteria, 
or  "willingness to pay" by the  individual are inadequate, and that the VoL 
shculd also be inflmcd by the  risk prfonmnce of the transpcat -tor a d  
a nunber of  well rexgnised plblic  aversiaa  factars. ?he regvrt anclu3es that 

mtkd0laJy. 
it d d  be appropriate  for BR to pi- the developnent of such a 

?he  policy  -it has cwidered the relevant reseKch and factars anceznd, and 
has an "gnbryo" VOL pmcess which  we  believe should be develop3 and used, 
initially, as a "sensitivity  test" to the application of the existing and 
agreed BR VOL of f2 millicn  per  life  saved. 



"he prqnsed VoL d d  be made up of three ingredients: 

1. A base (Utility) value reflecting agreed DIp/Treasury values for the 
Road Industry Cost w e t  Analyses (currently arcund f700,OOO per life 
saved I .  I 

2. Multlplicatim by a factor based cn exlsting risk perf- for the 
L 

grcxlp of people  affected  by propsed experditure, eg: 

- I W I N r m ~ a i  i 

10-3 
-z!lxlmn 

10-4 

10-6 
I 

m SPEND &ROAD CY I ' A LCE** SI.€ 
NECESSARY 

700,000 2,000,000 4,000,000 

E SPEND 

wEIc;KI?NG 
FACTOR 1 2 4 

€700,000 and to f2 million). 
("he  figures are  tentative;  there  is an aquwnt that shculd equate to 



3 .  Mtiplicatlon by a factor based on a mean of scores (an a 0 - 10 scale) 
used to  evaluate pbllc  attltude  to risk m the transport irrhrstry, eg 

(SPAD ACTIDENT) 
ATP EXAMPLE 

4 .  maaaw 
mmRE 
OF RISK 

TypEmmm 
5. DREADOF 

6 .  BLsrME 

10 ORGANISATICN 

I I 

i l  I 

I I 
1 2 4 

the ''kn&n&c'' for societal risk, and between the and MY 
If we clrmcluded ATP d d  avoid t ram accidents where BR pexf- was anxad 

acceptable level for individual risk, we u u l d  get a Vc& of : 

(ATP exarrple f 

Base value Tblenrxx Factor A v e r s i a  Factor 
€700,000 X 1.5f2  X 3 

ie in a rarlge fran f3m - fh. 



The  "Value  of  Llfe" methdology discused &des other loss control  factors 
that  relate  to  Business  decislcn-takmg, eg 

Asset  damage  costs 
Train  disruption  effect on revenue 
Legal and administrative costs 
Ei-~v~ronmental  damage custs. 

Recormended  Wav Forward 

1. Agree sane provisid nlmbers for the Factors with UFA that are 
mmrslsurate with research experience. 

2. Test  for sensitivity on a n m h r  of BR expenditure/pmject p-. 

3. Test  with a number  of Groups : 

- Research/Academic  field,  includlng J Reasm~, and "Bad Hanburg Network" 
of Risk Management "gurus". 
- other m n d s t n e s ,  particularly UK players in this field  identified  at 
AFA conference on Cost  of  Accidents  (Nuclear  Electric, MCD, S t e e l ,  Shell, 
BP, Natlonal  Power). Also test  at Wrld Congress of Safety  Science 
(Budapest, November 1993). 

- O t h e r  Railways,  via  Angers  Conference, also regular  meeting  of  Safety , 
Directors  of  Western hrropean Railways (SNCF, DB, SNCB, SBB, NS). 

- Senior BR Managers 1 

- HSE/Radway  Inspectorate/m 
4 .  when an "acceptable"  set of n-s is  agreed as a working hypothesis, 

use  the  system In parallel  to  the €2 million value, as a "Sensitivity 
Test"  to  set a range  of  values  for  testlng  options. 

5. Cmnusslon research by UEA (or another  consultancy),  to seek Support for 
numeric  welghtlng  factors In the transport environment - a joint 
spmsorship, if possible,  with HSE and/or DI'p. 

D J UaiWt 
Safety  Policy  Unit 
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The AccidentAncident Database 
and Risk Assessment  Study at JR East 

Hiroshl  Nagaoka 
Director,  Safety  Research  Laboratory 

East  Japan Ratlway  Company 

1 .Outlines of JR East 

JR East IS one of the SIX Japanese  passenger  railway  companies  which  were 
establlshed by partitlon and privatizatlon of the  former  Japanese  National 
Rallways(JNR) in 1987.  The  followings  are  the outlines of  the  company's  assets 
and actwties: 

-number  of  staff 80,700 
-service line kllometerage 7,500 
-number of rolllng stock 14,200 
-tram kilometerage 722,000lday 
-passenger  kllometerage 352,000,000/day 
-annual fare revenue 1,740 billion yen 

2.Effort.s toward a higher  safety  level 

Safety IS a vital questlon for JR East  to  survlve as a  private  company. JR East 
explicltly  ranks  safety  the  top prlorlty of  the  enterprise and has taken  measures  for 
safety in the  form of investment,  lnstitutron  and  campaign. 

(1)lnvestment 
Approxlrnately 20% of the total annual  Investment IS applied to Safety 

Improvement  according  to the 1989-1993  safety  Investment  plan  which  assigns 
200 billion yen as the total term  budget  for  safety  measures. The budget  is 
itemzed as  below: 

-Introduction  of  ATS-P(patternized  automatic train stop) 550 billion yen 
-Upgrading of level  crosslngs 300 b. yen 
-Natural hazard preventton 200 b. yen 



-Construction of operatlon  control  computer  systems 350 b.  yen 
-Other  safety  measures 600 b.  yen 

(2)lnstitution 
Safety  Research  Laboratory was founded In 1989 to encourage  safety related 

R & D activlties by Inhouse  safety  experts  and 10 General  Trainrng  Centers  were 
established  also In 1989 whrch  are In charge of In-servlce  trarnlng  of  drrvers and 
signal  operators In each local area. 

(3)Campaigns 
For  safety,  motlvatlon  of  the  front  staff is no less Important  than  measures by 

equlpments  and  instltutlons.  "Challenge  Safety" IS a  unanimous  enrollment in 
whlch  particlpant  front  staff  have  the  opportunlties  to  think,  propose,  discuss and 
practce In their  tasks what  are needed for  safety In addition,  the company 
executlves  have regular meetmgs wlth  the  front  staff  twlce  a year to  understand 
specrfic  safety  problems  at  each  work  site  to  reflect  them In thelr  managerial 
deaslons. 

(4)Number of collisions  and  derailments 

1987 1988 1991 1997 Total 
Collisrons 0 1  0 0 0 1 2 
Derailments 4 7  7 2 3 5 28 
(at  level crossings) (3) (6) ( 2 )  (1) (1) (2) (14) 

3. The  accidentlincident  database 

It IS Important to take safety  measures  based  on  the analysls of historical  major 
accidents so that  recurrence  of the similar  accidents would be prevented. This 
has been the  way how efforts  for reduction of accldents have been made  at  JNR 
and JR  East  up to the  present.  But now that  the total accident rate is fairly low as 
shown in the above table,  It is easlly understood  that the total  accident rate 
cannot be reduced beyond  a  certain horlzon by  mere  follow-up of  past  accidents. 
Therefore  safety  measures  henceforth  should be taken on the  basis of statistical 
and indivldual analysls of lncldents or accident initiating events including  the ones 
that did not propagate to  serious  accldents. For this  purpose,  JR  East has 
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developed  a  database  system whch accumulates 60,000 accidentlincident  data 
since  establishment  of  the  company. 

(1)Outlines of the database system 
There  are 9 branch  offices  which  take  charge of daily train operation In the 

whole  area  of JR East.  Each  branch  offlce  has its own transport  safety  division 
The  major  tasks  of the transport  safety  dlvlslons  are: 

-proposal  of  safety  measures  appropriate  to  the  state  of  arts  of  the local region 
-guidance to local workshops 
-preparation and  storage of accidentlincident  reports 

The  accldentlincldent  reports  record  not  only  accidents but also  violatrons  of 
operation  rules,  delays of  trams  due  to facility failures. In spite  of  their 
unquestionable  valldity  as  the  fundamental  accldent  data  of  the  company,  the 
extsting  accldentlincident  reports  have  the  flaw of the  inconvenience to refer  and 
complle  the  data  because  they  use  paper  sheets and are handwritten. 

The  newly  developed  accident  database  system  enables  quick  reference and 
processing of the  orlgtnal  data  for  any  purpose. The database  system is 
composed  of  the head office  subsystem  which is made  of  a  large  sized  computer 
and two termlnal  personal  computers  placed in the head office and the  Safety 
Research  Laboratory,  and  nine  branch  office  subsystems  which  functions  as 
reglonal  databases. 

(2)lnput items 

convenlence  of  data reference and  processing. 
Input  Items  of  the  database  are  selected as below in consideratlon  of  the 

-Fundamentals(place,  time,  type  of  accldent, train number,  weather,  related 

-Contents  of  accrdent(state of affalr,  causes,  locatlons  of failures) 
-Related  persons(vocatlona1  posltlon,  age,  workshop  belonging,  background 

-Casualties(number,  causes) 
-Operational  turbulence(suspension,  delay) 

branch offlce) 

factors) 
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There  are  some  Input  Items  which  have bee-* added  later on in  consideration of 
user's  concern  about  speclfic  accident  cases  Fdch  as: 

-Signal overrun 
-Stgnal  failure 
-Correlation wlth malntenance  work 
-Brake  failure 
-Correlation with  signal  changeover  work 

All these  Input  items are classified and recorded according to their  code 
numbers.  Literal  data  up to 30 Japanese  letters can be also  Input to each accldent 
record to make  the  data  profrle  readlly  understood 

(3)Functions of the  database 
The  database  system  has  the  functlon of three  dimensional  graph  display in 

addition to reference  and  processing of the  designated  code data. The system 
can also jolntly work with the  current  faclllty  darabase system. So one can refer  to 
the  dimenslons  of  the  proper level crossing  whlle  dlsplaymg  certain level crossing 
accldent  case. 

(4)Scanning of image  data 
The accidentllncident  database  uses 84 input items and 30 Japanese  letters to 

describe  the  contents of each accidentlincident  record.  The  format is of 
convenlent  slze for usual statlcal analysls  but not suitable for indivldual study  of 
the details of the accidents especlally on the attrlbutes which  are not given codes 
for  reference. For this  reason,  upgrading of the  system has been  made so that it 
can store  the  handwrltten acadenthnadent reports as  image  data.  Storage of 
60,000 acadentf incldent  reports  from  1987  to  1991  has been completed  and  the 
functlon of reference and prlnting IS available. 

a. Risk assessment  study 

On the basis  of  the  accldentlincldent  database  system as one  of the working 
resources,  a  study  about  the appllcation of probabilistic risk assessment(PRA) to 
railway  safety IS anticipated  at the Safety  Research  Laboratory. 
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(1)Why PRA? 
The  railway  belongs to the  technologles  of  the  nineteenth  century  by its origin. 

Those  technologles  have  developed  from  a  small  scaled,  primltive  and  fanciful 
stage  acqulrmg  thelr  performance  wlth  relrablllty  and  weedmg  inconvenient 
propertles out through  countless  experlences of fallures  and  accidents.  For  this 
reason  or  others,  it IS still the  prlnctpal pol~cy of  safety  measures in railways to 
learn  from  the  history  Namely, "Do not  repeat  the  same  fault." is the  fundamental 
rule of the thought.  When  the  declsions  of  safety  measures  are  made  according  to 
this  policy, It usually  occurs  that  countermeasures to avoid  the  recurrence  of  the 
scenarios of the  accldents  which  occurred  close to the  decision  maker in time, 
place  and  perception  tend to be  taken  overwhelmingly  before  the  memory of the 
accldent  fades  out.  On  the  other  hand,  the  accldent  scenarios  which  were  not 
reallzed  but  mlght  have  more  or  less  posslbllities  of  realization  under  different 
conditions or those  accidents  which  occurred  "far"  from  the  decision  makers  are 
largely  neglected to be  taken  Into  conslderatlon.  Those  who  are  engaged in the 
safety affairs  have  felt  this  uncomfortable but rt has  been  also  true  that  this 
corrective  safety  policy  has  been  effectwe  enough  as  long  as  the  accident  rate  of 
the  concerned  system is rather  high  and  consequences  of  individual  accidents 
cannot be intolerantly  serious  for  the  enterprise and the society. 

In  the  latter  half  of  the  twentieth  century,  however,  there  emerged  numbers of 
new  technologles  whlch  have  such  remarkable  characteristics  as  expanson, 
limltatlon  and  complicatlon  whlch do  not allow  the system to rely  upon  mere 
corrective  safety  measures.  These new technologlcal systems,  nuclear  power 
plants for example,  cannot  be  accepted  by  the  society  unless  there  are  the 
evidences  that  the  systems  are  inherently  safe In the  meaning  that  any  intolerable 
accldent  scenario will never  be  reallzed  out of the systems  even  If it  should  be 
supposed. 

PRA IS a  relatlvely  new  technique whch has been  widely  recognized  to  be 
useful for safety  assessment  of  the  typical  modem  technological  systems. In 
contrast wlth the  traditional  determlnlstic safety  assessment  methodologies, which 
picks up small  number  of typlcal  accldent  cases for safety  tests, PRA considers all 
loss events  which  have  any  non  zero  probabilities of occurrence  of  not  only  the 
actual historical accldents but also  the  imaginary  ones.  The  strength  of PRA is 
that  it can esttmate the safety of  systems  In total and in a priori using  the  concept 
of rsk, which  gives  the  way  to  dlscount  the  undeslrability of the  any  uncertain 
events in proportion to their  probabilities. 
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It is  readily  supposed  that  the  appllcation of  Pfa * will  brlng  a lot of  benefit  to  the 
rallways  conslderlng  how  much  !-:err  technologle ,lave developed in the  recent 
decades. 

(2)The  targets of PRA 

answer  the following questlons: 
The requirement in the general PRA is composed of simple  concepts. It is to 

-What  can  go  wrong7 
-What are  the  causes? 
-What  are  the  consequences7 
-How  likely is 1t7 

The ultimate  purpose of the  appllcation  of  PRA is to provide methods for 
conslstent  declsion  makings of selectmg  the  best  safety  measure  alternatives 
under the given crcumstances by estlmating  the  state of  rrsks  and  comparing 
them wlth the  safety  goal levels. 

(3)Procedures of PF!A 
In our  study,  PRA will be carried out  according  to  the  following  procedures. 

1)Loss attribute  identification 
To begm  with,  we ldentlfy the  space  of loss attributes which the accidents we 

are to  survey  belong  to.  Preliminary  researches  about existent PRA results 
suggest  that It is appropriate  for frultful applications  of PRA that the study  focuses 
on such fatalities that  can brlng any  blame to JR East.  Pure financial loss events 
wlth no fatality and fatalities caused by the victims  themselves are  to be excluded 
from the oblects  of  the  study. 

2)Accident  sequence  identification 
All conceivable initlal events to accidents are numerated and their propagating 

sequences are classified to make it sure  any  important  accident  scenarios  should 
not be omltted. 

3)Consequence  analysis 
The consequence  of each identified accident  scenario is estimated in terms of 

number of fatalities and flnanclal loss 
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4)Frequency  analysis 
The  frequency  of  each ldentlfied accident  scenario IS estimated in terms  of  any 

approprlate  numerlcal or llngulstlc expresslons. 

5)Uncertainty  analysis 
The  uncertalntles  of  the  estrmatlons  obtamed  from  the  above  consequence and 

frequency are evaluated in terms of confidence  Interval or any  appropriate 
lingulstic  expresslons 

6)Risk  measurement 
We anticlpate quantitatrve risk measurement based  on  the  above  consequence 

analysis,  uncertainty  analysis and frequency  analysls.  Numerical  definition  of  the 
risk  of an accldent  scenario  may be wrltten in the  form  of: 

Risk=(Probabillty) X (Consequence) 

In order to assess  variant risk aspects of the system,  the  quantified  risks  of 
lndlvldual  accldent scenarios will be processed into such  risk  factors  as  system 
total risk, contribution of mdivldual risk  to the total risk,  risk  contribution  of 
uncertamty, and so on. 

(4)Directions of study 
Analysls  of  pecullarrty  of  rarlway  rrsks,  subjectwe  welghting  factors  of  perceived 

rlsks and accident  probability  estlmatlon  are the major  study  topics  we  are  now 
Involved. On the basis of these  individual  studles  we  would  like to construct  a 
sound  framework  of  the  rallway PRA 

1)Railway  peculiarity 
Natures  of  the  procedures and targets of PRA should differ In accordance with 

the pecullarlty of  each  concerned  system  For  example, the nuclear  reactor  PRA 
focuses on the rlsk exposure of the soclety as a whole or public risk acceptance 
and  takes fatality rate profile as  the sole  risk  measurement. This way  cannot be 
apphed successfully  as It is to the railway.  Because  there is little question  about 
whether the rallway  should be accepted  by the society  or  not,  cost-benefit 
efficlency of rlsk mitlgatlon is more important and practical measurement than 

7 



fatality  rate  Itself In the  railway PRA For this reason,  our  risk  measurement is 
supposed to become two dimensional. fatality  rate  and  financial loss. 

2)Risk weighting  factors 
Systematic analysis should  be  done  for  assrgnlng  weightlng  factors to railway 

rlsks  and  accidents  that  reflect  better  the  subjective  assessment  of  the  severity/ 
Importance of these event.  Subjectwe  Importance  of loss events  differs  according 
to their  attributes.  For  example,  a  single  accident  that  involves  ten  fatalities 
simultaneously w11l be much  more  severely  perceived than ten  separate  fatalities. 

3)Accident  probabilities 
Railway  accldent  study In general  has  the  difficulty to fully  use  probability 

theory as  the means of inference  about  the  probabilities  of  accidents. It IS mainly 
because  serious  railway  accidents are rare  events  and it IS often not possible to 
fmd  the  statlstlcal  regularity of  the  events  from  that few data  polnts  available. 
Advanced  statistical  techniques  whlch  have  been  developed  for making  such 
Inferences  about rare events  should be explored  for thew potential  usefulness  to 
the  railway PRA. 

i 
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A HOLISTIC APPROACH TO LOSS CONTROL IN A METYO TRAIN SERVICE 
IN SOUTH AFRICA 

by : Dr  Friedel  J Miilke 
Spoornet (a divsion of Transnet Limited) 
South  Africa 

1. Background 

Commuter services are provided in the following Metropolitan Centres in South 
Africa namely Johannesburg, Pretoria, Cape Town, Durban, Port Elizabeth  and  East 
London. 

In the two  major  centres viz. Johannesburg  and Cape Town 410 OOO and 470 000 
daily passenger trips are respecnvely  undertaken. 

All the commuter rolling  stock  and  most fixed assets in the  Metropolitan Centres are 
owned by the South  African  Rail  Commuter Corporation (SARCC). 

The SARCC is government  owned and 75 % of its operating  budget is subsidized by 
the South  African  government. The SARCC has the mandate to see to the rendering 
of effective rail commuter services on a  national  basis  in  South  Africa. 

The operation  of the commuter services and the maintenance of rolling stock are 
performed by Spoornet, the railway  division  of Transnet, on a contract basis to the 
SARCC. ( S e e  figure 1 in this regard.) 

2. Accountability 

The Machinery  and  Occupational  Safety Act (Act 6 of 1983) governs all safety 
aspects in South  Africa. 

Due to  the contractual relationship  between Spoornet and the SARCC and the fact that 
Spoornet is the renowned  and  experienced railway operator in  South Africa, the 
accountability of rendering  a  safe  passenger service vests  totally in Spoornet. 

Accountability and  responsibility  arising  from the contractual performance obligations 
has necessitated the introduction of safety programmes and  the auditing of existing 
safety related systems and  methods. 

In 1993, an increase in the incidence of  cracked tyres on commuter roiling stock gave 
indications of safety risks to passengers and resulted in concerted efforts of Spoornet 
Management to address the  risk issue. ( S e e  figure 2 for  Cape Town.) 
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3.  Cracked wheel tyre incidents on lMetro trains 

During  the  first  quarter  of 1993 a  rising  rate in the incidents  of Metro train 
derailments in two  maJor  Metropolitan areas due  to  cracked  wheel  tyres,  resulted in 
the in depth  investigation  into  the  cause  of  the  cracked  tyres. 

As a  first  measure  to  prevent  Metro  trains  from  being  operated  with  advanced  crack 
formation in wheel  tyres,  the  frequency  of  both  off-pit  and  pit  inspections was 
increased. 

Each Metro trainset was to be  inspected at least once per week. Every  second  week 
this  inspection  took  place on Metro Train Depot  pit  roads  and  maintenance  practices 
and  procedures  were  strictly  applied. 

Transnet, as the  contractor  to  the  South  African  Commuter  Corporation,  took  full 
responsibility  for  the  preventative  maintenance  of  Metro train sets and  cracked  wheel 
tyres as such. 

The  decision was taken by Metro to have : 

(i) an investigation  launched to determine the cause of  the  increase in the 
incidence  of  cracked  wheel tyres on specific  routes in  South Africa; and 

(ii)  to  audit  the  maintenance  and  incident  prevention  policies,  practices  and 
procedures at Metro  maintenance  depots. 

The  following  overview  is  given  regarding  the  general  approach to crack  formation 
in wheel tyres. 

4. Overview regarding crack formation in wheel tyrw 

There are two main schools  of  thought  with respect to the mechanism of  thermal 
fatigue  cracking  and  several  researchers  have tried to explain  their  results by using 
either of the  Martensite  theory  or  the  Restrained  Expansion or Van Swaaij  theory. 

4.1 Martensite  theory : 

Wheels  and tyres are braked  under  conditions  which locally raise  the  temperature on 
the  tread  into  the  austenitizing mge. Upon cooling,  the  hot spot transforms to 
Martensite  which  involves a volume  expansion. 

The  abiiity to fom Martensite is governed by the steel hardening ability ie. alloy 
content  and  the  hardness of the Martensite is governed by the Carbon content  of  the 
Steel. As the hardness  increases, so does  the  brittleness of the steel. 

I 
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Figure 3 
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1.2  Restrained ExpansionNan Swaaij theory : 

Van Swaaij  put  forward  a  suggestion that  hot spots on the  tread  undergo  repeated  and 
therefore stress cycles  that may cause cracking  independently  from the formation of 
Martensite. 

Van Swaaij  found  it  difficult  to  explam  certain  observed  phenomena by using  the 
Martensite  theory.  These  phenomena  include  that  it  often  takes  more than 15 OOO km 
of service before cracking  occurs  and  that  cracking  often  occurs on the outer plane 
of the tread  where  there is no brake  contact. (See figure 3 in this  regard.) Therefore 
Van Swaaij  developed  the  theory  of  restrained  expansion  which was used by 
researchers  world  wide in their  approach to crack formation. 

4.3 Carbon content in  wheel  tyre. 

The Researchers  concluded  that the resistance  to  thermal cracking in wheel tyres 
increased by using  materials with as low a  yield stress as operating  conditions  would 
allow  and  by  restricting  the Carbon content. 

It was also found  that  the  desired  tensile  and  yield  strength  could  be  achieved at lower 
Carbon contents with  improved  ductility by  using a quench  and  temper  heat  treatment 
instead of a normalising  treatment. 

The following  general  recommendations  were  made  by  Metro  researchers at an early 
stage of the investigation : 

(i) Steels with  the  lowest  strengths  compatible  with axle loads  and wear resistance 
should be used; 

(ii) . steels  with as low as possible Carbon contents  should be used in tyres; and 

(iii) rim quenching  should  be used as the  preferred  heat  treatment,  especially for 
wheels. 

4.4 The Fracture toughness : 

The approach  of  determining fracture toughness (KIC) of steel  wheels was 

The probability  and  simulation  calculations  available to determine critical cra 
were  not  sufficiently  accurate  to  determine the service limits of pennissiblt 
depths. 

The accompanying  volume  expansion  resuited in the generation of tensile stresses and 
eventually the cracking of the wheel tyres. 

SNIBS 931660 
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5. Results of studies 

Results of studies undertaken on the cracked tyres on Metro trains (see figure 4) 
indicate that increased  stresses can be accommodated  wlth  increasing KIC for certain 
crack depths. 

REPORT MGI I 2  
CRACK DEPTH (a) VS STRESS 
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Figure 4 : Crack depth  versus  working stress with increasmg KIC. 

From an operational safety  point of view the increase  in  crack size as a result of drag 
braking applications was of utmost importance and led to further investigations by the 
Metro researchers in that  regard. 

The brake applicatlon patterns on Metro train sets for the different sections in  South 
Africa were  investigated  and  correlated  with the rate of incidents of cracked tyres on 
the train sets in service on the specific  routes. 
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The results in figure 5 were plotted as the  number of cracked  wheel tyres per set (N) 
in relation  to  a Service factor (C). 

The Service factor is emplrically expressed in terms  of  the  Kinetic Energy applied by 
the braking  system  to the wheels over a period of time. 

The Kinetic  Energy is transformed  into  heat  energy in the wheel  and is directly 
propomonal to : 

V*; where V is the mean speed maintained over a  section of line (Km/h). 

A; where A is the  number of stops per week. 

and  inversely proportional to : 

L; where L is the  distance  between  stations or stops. 

and C = -  V2 A 
L 

The number of cracked tyres per  set (N) IS therefore directly proportional to C : 

N c v C  

The results in figure 5 indicate that on sections of lines with stations spaced on short 
intervals, resulting in a  high  frequency of brake application, the Service factor (C) 
exceeded the value of 110 and  three  cracked  wheel tyres per set occured. 

6. Service factor  application for control  purposes 

6.1 A limiting service factor value for control purposes was  taken as 80 for the specific 
lines. 

A prescribed  slower mean speed of the train  set (V) could only be achieved by : 

- altering the time table for the Metro Service on  such  lines; 
- or the bypassing of stations; 
- or changes in the handling of the train set concerning drag brake application. 

Although the mean speed between stations was decreased (see figure 6), it was found 
that the rate of brake application played  a  major role in temperature ranges in wheels. 
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6.2 The  effect  of  drag  brake  application. 

The  increase in temperature in wheels  due  to  drag  brake  application  was  found to be 
the  most  important  factor  contributing  to  cracked  tyres. 

The  results  of  temperature  readings  of  wheels of a prolonged  brake  application  in 
figure 7 compared to the  results  of  temperature  readings in figure 8, show an increase 
from  130°C  to  180°C  for an increase in brake  application  intensity  over an 
incrimentally  shortened  period  of  10  seconds. 

7. Conclusion : Results 

The  measurement  of  results,  taking various factors  on  lines  as  well as train handling 
by drivers  into  account,  is  still  underway  on  the  Metro  system  in  South  Africa. 

The  most  significant  external  contributing  factors  were  found  to  be : 

(i) the  intensity  of  drag  brake  application  by train drivers  maintaining  too  high 
speeds into  stations; 

(ii)  the  frequency of train stops  subjected to the  handling  in  (i)  above;  and 

(iii)  the  distance  between  stops  prohibiting  the  cooling  of  wheels  between  stops  in 
conjunction with the  intensity  of  brake  application  into  station areas. 

These  factors  were  taken  into  account with the  safety  audit  performed on the  specific 
project in Cape  Town. 

8. From audit t o  management  goals 

8.1 The  Safety  audit : 

The train set  safety  management  system  with  special  emphasis  on  the  management of 
wheel  tyre cracks, was  given  serious  consideration  by  the  Management  of the Metro 
division  and a decision was taken  in  the  last  quarter  of  1993 to audit the actions taken 
on the  cracked  wheel  tyre  incidents. 

The  holistic  approach in terms  of  the  ILCI  auditing  system  was  regarded as the best 
means  to cover the  whole  spectrum  of  research,  information  gathering,  deployment 
of programmes  and  monitoring  systems  put into place to address  the  problem. 

The  ILCI  audit  was  concentrated on the  Cape Town Metro system. 

The  process  followed  is  shown  in figures 9 and  10. 

t 
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FROM AUDIT TO MANAGEMENT GOALS (IEDIM) 

* 98% of all losses are conrrollable 

* I f  item  can  be  measured if can  be  managed 

AUDIT MEASURES] 

* Control - 5 elements 

* Cause - Basic- 8 elements - Immediate - 3 elements 

* Consequence -Incident - 1 element - Loss - 3 elements I 
L 
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Figure 9 
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The  first  step  was  to  perform  an  audit on the terrain  of : 

(a) - Control  of  the  aspects; 
(b) Causes of the  incldents; and 
(c)  Consequences of the  incidents. 

The  Control  terrain  is  spread  over  the  functions of : 

(i) Direct  Control  Measurements. 

(ii) Basic  causes or factors  leading  to  the  incident; and 

(iii)  Immediate  causes  of  the  incidents  relating  to : 
(a) Acts performed by  personnel; 
@) Working  conditions  leading  to the incidents. 

The  failing  of  control  measures on the  functional  area  in (i),  (ii) and (iii)  above will 
invariably lead to  the occurrence of  the  incident  and  the  resultant losses. 

The Cause  terrain  is  covered  by  measuring  elements  leading  to  basic  causes,  namely 
the  capabilities  of  personnel  and  the  physical job safety situation. 

The auditing  of  immediate  causes leading to incidents  and losses are  covered  in the 
areas of substandard  activities  and  substandard  factors in the environment  giving  rise 
to  incidents. 

The  terrain  of  consequences  comprises  incidental  factors  and  the  kerbing  of losses to 
a minimum  level. 

Having  measured  the  aforementioned  terrain  of control,  the  terrain of  expectancies 
put by Management  is  audited. 

8.2 Deriving  management  goals. 

Management’s goals in  minimizing losses and  introducing control measures are 
audited  and  tested  against  the  Scenario  of : 

(i) Identifying  risk  exposure. 

(ii) Evaluating the exposure. 

(iii)  Development of plans  to : 
(a)  Treat  the  problem; 
@) Tolerate the problem; 
(c)  Terminate the function; 
(d)  Transfer the aspects. 

SNIBS 931660 
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(iv) Implementation  of  management  plans: 

(v) The  Monitoring of the  performance  concerning the programme. 

Most  of  the  steps  from  programmes (i) to (v) can be  derived  from  the  preceding 
audit. 

The action  plans  follow  from  the  auditing  of  functions  and  terrains  and the auditor 
will  seek  evidence  that  Management  policies  and  programmes are effective. 

The Control  "domino"  (see  figure 10) will be  addressed in terms  of : 

(i) The  presence of a programme; 

- A plan  of  events, job activities  completed  to  a  time  schedule. 

(ii)  The  qualification of programme  standards; 

- the criteria against  which  to  measure  the  acceptable  leveydegree  of 
programme  achievement. 

(iii) The  compliance to standards; 

- the  execution  of  what  is  required  and  expected  by  "owners"  of  the 
programme. 

If the  audit  of  the  Control  domino  indicates  that  work has to be done to developed the 
terrains (i) to  (iii)  in  this field, the  audit  is  expanded  to  cover  the  following : 

Identification of work  to  be  done; 

- seek  evidence of policy  design,  reviewslrevision  of time scales. 

Setting  of  standards  and  the  implementation  of  programmes; 

- seek  evidence of  target  levels  support  of  corporate  policy,  training 
programmes,  education  and  advisory  systems. 

Measuring of work  in  progress; 

- seek  evidence  of  work  done  to  get  control measures in place. 

Evaluation  of  policy  performance  is  performed  and a mini audit is performed 
in this  regard. If the result is positive, the programme is commended.  If  the 
result is negative,  corrections are applied  and  the Control domino is 
readdressed  in a new  audit  loop. 
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9. The holistic approach 

In this  paper, the author  endeavoured to indicate  that  segments of activities in a 
railway  commuter  system can be  focused with a safety  audit. 

The macro  environment  determines  the  accountability in an operational  system. 

Management is responsible to interpret  the  accountability  and  manage  the  information 
leading  to the determining of critical  safety  and success factors  and  programmes. 

These  programmes  have  to  be  mobilized on depot  and functional levels  and  the 
success  rate  monitored. 

The generatmg  of  programmes and enthusing  of  personnel are some  of  the  major 
input areas of  management and was  specifically  audited in Cape  Town. 

However,  the  holistic  approach  of  determining the causative factors of wheel tyre 
cracks on Metro tfain sets  and  the  auditing of the  project,  focused the attention  and 
energies of all concerned in the  project. 

The ILCI-safety  audit  in Cape Town  created a  basis  for  goal  formulation in 1993 and 
will  be  audited on a regular  basis in future. 
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1. INTRODUCTION 

In specifying activities for the Railway  Safety  Annual Programme it is 
important  to know  what effect these actions (can) have on the level  of 
Railway Safety. Carrying  out  a risk analysis  can often help.  With the 
analysis causes of  (possible) incidents and  accidents are brought to light, 
risks are quantified and  the effects of  countermeasures  revealed. This 
memorandum explains the  method  developed by the Safety Department of 
the Operations Division, in collaboration with the Consultass bureau. The 
method is in use as practical loss causation model for Risk Analysis  and 
accidenthncident investigation. The method is unsuitable for the evaluation 
of  extreme risks. Risk  analysis is used to assess  existing risk, future risks 
(new infrastructure) and  to  specify requirements for new systems like Auto- 
matic Train Protection ATP. 

2. WHAT IS RISK? 

The term is defined differently by many people. In the  opinion  of 
many  the extent of  a  risk  is determined mainly  by  the that somet- 
hing  can go wrong.  Others  think about causes  and  yet others about  the 
consequences.  If  the  chance  of  a certain event is very small, people 
generally consider the risk to  be  not so great. 

The CHANCE is clearly an important element in estimating risks. Here it 
is not  a question of one single chance, several chances are possible: 
1. the chance OF something going wrong  (practicality chance); 
2. the chance of  particular consequences (the extent chance). 

The consequences  themselves are also riskdetermining. In fact, determi- 
ning  a risk means  acquiring knowledge of the  accident scenario. Here the 
following questions must  be  answered: 
1. Which activity/risk-location is examined? 
2. What  can go wrong  here? [potential incident(s)] 
3. What is the  chance of this incident? 
4. What are the  possible  consequences? 
5. What is the chance  of different consequences/possibilities? 

Estimating chances and  consequences will be different for each person. 
Therefore, in determining the risk a personal assessment will always play a 
part.  With the developed  Consultass  method the discussion about risks can 
be more easily conducted  and therefore an assessment acceptable to all 
involved can be reached. 



Any job or  activity  is  accompanied by the  risk of  accident.  The  characteris- 
- tic  feature of an accident is that  something  has  gone  wrong; an undesired 

event  therefore.  Undesired  events  which  can  go  hand  in  hand with human 
injury, material  damage or  interference with the  process.  With  hindsight, 
these  events are often  easy  to  recognise.  Recognising  such  events  in 
advance is much  more  complicated.  Precisely  because  so many kinds  of 
undesired  events  can  take  place.  These  undesired  events are called inci- 
dents and accidents.  These terms are  defined as follows: 

Incident 

Undesired  event,  which  influences or can  influence  the  quality  of  the 
transport  process,  and  which  could  lead  to  losses. 

Accident 

Undesired  event,  which  leads  to  loss. 

In the  Consultass  method  the  term  incident is also applied in the case of an 
accident. In the NS the  term  irreeularities  is  often also used for this. 

In order to  achieve  satisfactory  accident  prevention it is important to 
recognise  incidents  which  may  possibly  occur  during  the  carrying  out  of 
certain  activities  and  to  prevent  them by taking  countermeasures. It is 
necessary  to  determine  in a very  concrete  manner  for  what  incident  we 
wish to take  such  measures.  The nature of  the  incident  in  fact  determines 
directly  the  manner  of  prevention.  Depending  on  the  nature  of  the  activities 
various  incidents  may  take  place. To be able to manage the risks it is 
necessary  first  of all to  determine  what activity or  risk-location is involved 
and  what incident  or  incidents can  therefore  occur.  In  other  words: 

WHAT  CAN GO WRONG? 

Here it is important  to  examine  the  various  possible  incidents.  Often  people 
concentrate on  the (apparently) most  important  incident  and  other  possibili- 
ties are (too)  quickly  ignored. 

If  the  incidents  which  can  occur  during  a  particular job or a  particular 
operation are known,  then  the  (relevant)  underlying  causes  must be traced. 
With this we gain an  insight  into  the  chance of occurrence  and  the possibi- 
lities of prevention.  The  chance  of  the  particular  incident  occurring can 
thereby  be  reduced. 

L 1  



In determining  causes  of  incidents  there  is  usually a correlation with: 
a. the manner  in  which  the  work  is carried out, the PERFORMANCE. 
b. the  materials and tools used for  the  work,  the RESOURCES. 
c.  events and circumstances  surrounding  the  workplace,  the ENVI- 

RONMENT. 

PERFORMANCE,  RESOURCES and ENVIRONMENT are called  the 
primary or basic  causes  of  incidents; but in order to recognise nsks and 
ultimately  to  be  able  to  manage  them  attention  must  not  only  be paid to the 
basic  causes.  They  are  in  fact in turn the  consequence  of  underlying causes. 
Thus acting  in an unsafe  manner  can  be caused by  lack of knowledge or 
awareness  and  unreliable  equipment or  incorrect  materials. In regard  to  the 
definition ENVIRONMENT we  must  think  of  two  aspects: 

1. the PHYSICAL  ENVIRONMENT, for  example  poor  lighting, 

2. the SOCIAL ENVIRONMENT, for  example  distraction by colleagu- 
excessive  noise, heat, cold,  etc.; 

es, the  situation  at  home,  visitors to the  workplace,  relations  with 
the  superior,  pressure  of  work,  preparation  of  the  work,  etc. 

CAUSES OF INCIDENTS 
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4.2 Consequences of incidents 

The  same  incident  can  have  several  consequences or losses. Among  these 
. we  can  identify: 

- injury  to  passengers,  third  parties or  our own  personnel; 
- damage  to  transported  goods; 
- damage  to  the  environment  or  the  railway  surroundings; 
- damage  to  resources; 
- irregularities in  the  transport  process; 
- damage  to  the NS image or reduction  in  turnover. 

When taking measures  intended  to  promote  safety  at  work,  we  (too)  often 
see  people  taking  action  when a  serious  accident  has  occurred.  It  seems  that 
incidents  often  proceed  "satisfactorily".  The  failure  of  people  or  machines 
is  usually  not  directly  punished  in  the  form  of  visible  losses. This type of 
incident  however  is of importance  for  finding  the  causes of the few  inci- 
dents  which  have  serious  consequences.  The  relationship can be visualized 
by a so-called  "Safety  Iceberg".  Very  many  unsafe  operations  may  have 
taken  place  before an accident  occurs.  By  reducing  the  number of unsafe 
situations  and  actions  the  number  of  incidents with "serious"  consequences 
can be  reduced.  The  figures in the  "Safety  Iceberg" are not  absolute,  but 
indicate  the  order of  magnitude. 

5. THE RISK ANALYSIS MODEL 

From  the  above it is  clear  that  the  expression "risk"  consists  of  a  number 
of  elements,  in  which  the  following are central: 

CAUSES -> INCIDENTS -> CONSEQUENCES 

Among  the  causes  we  can  distinguish  between  the direct (immediate) 
causes and  the basic (underlying) causes. Among  the  consequences we 
have  seen  that it is  not  always  necessary  for  things  to  go  wrong and that it 
is  often  a  matter  of "luck".  This is indicated  by  the  "Safety  Iceberg". 

I 
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Specifying  the  various  incidents  which can occur  during work is one of the 
most  important  steps  in arriving at  effective risk management. The central 
question here  is:  "What  can  go  wrong?".  Here  one  should not come too 
rapidly  to  the  conclusion  that  something  is  impossible:  history  teaches us - 
alas - that  the  accidents  which  were  considered  impossible still took place! 

The risk analysis  model  shown  below  reproduces  the  above  scheme.  When 
an incident  is  defined, with the  help  of a model it is possible to investigate 
what  the  causes  are  (can  be)  and  whether  countermeasures  should be 
considered  which  could  possibly  prevent the incident. In the  following 
section the  countermeasures  will  be  discussed.  The  model  serves as a guide 
to  seeing  which  factors  can  be  improved.  After  that  the  model can serve as 
a "tool" for  setting up structured  accident  investigation. 

i 13 0 
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If an accident  has  taken  place  and  people  proceed  to  investigate it, then 
- (too)  often  the  emphasis  is  placed  on  mistakes of the  persons  directly 

concerned.  From  the  risk  analysis  model it also  appears  that  incidents  do 
not just fall  out  of  the sky: incidents are usually  the  result  of  factors  of 
influence  for  which  ultimately  the  management  bears  responsibility.  The 
management  must  ensure  that  technical  and  organizational  measures are 
taken  whereby  the  chance  of  incidents  is  minimised.  Naturally  people 
carrying  out  work  must  then  apply  the  measures  adopted in the  correct 
manner. 

There are 4 kinds  of  measures  for  reducing  risks: 

1. avoiding  the  risk in question, source el inat ion;  
2. preventing  accidents  and  incidents by technical  measures, preventi- 

on; 
3. limiting  the  occurrence  of  accidents  and  incidents  by  rules  and 

instruction, if  necessary  in  combination  with  technical  measures, 
correction; 

4. restricting as far as  possible  the  damage  resulting  from  accidents 
and incidents  by  rules,  instructions,  insurance,  etc.,  together  with 
technical  measures, damage limitation. 

In  managing  the  safety risks the priorities of source  elimination,  preventi- 
on,  correction and damage  limitation  must  always  be  maintained.  Here 
there  must  be a reasonable  balance  between all the  efforts  in  the  safety 
field. The desired  level  of  safety  must  not be by definition  the maximum 
possible at any price  either. 

7. DETERMINING THE EXTENT OF THE RISK 

An important aid in  determining  the  measures  to  be  carried  out or  standards 
to  be set  is the  risk  analysis.  The  described Risk Analysis  Method is to be 
applied  to  comparing  "average"  risks. The method is unsuitable  for  the 
evaluation of extreme  risks, in other  words  risks with very  small  chance of 
very  major  consequences.  The  starting  point  of  the  Consultass  method  is 
that a  risk  is  built up  of  the  components chance and effect (consequences) 
in  accordance  with  the  equation 

RISK = CHANCE x EFFECT (R = C x E) 

The method  consists of 10  steps: 

Step 1, determiniig activitylrisk location 

During  which  activity or  at which  location  is  there  the  possibility of risk. 

I 

I 

. 
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Step 2, determining  what can go  wrong 

What  incident can occur  during  the  activity to be  contemplated. 

Step 3, determining the chance 

The  chances of  the  incident  occurring  are  assessed by a numerical  value 1 
(= very  small  chance)  to 5 (= large  chance).  The  following  table  serves as 
a guide. 

the shwc of UI lwrdcru ( C )  

CHANCE 

avenge chancc 

1 > IOyun very small chance 

VALUATION FAIL FFSQUENCY 

rnull chance 2 - IO yean 
'h- 2 y u n  

2 
3 

fair chance 
krec chance 

I - 6 months 
< 1 month 

4 
5 

Step 4, determining  consequences 

The  most  probable  consequences  are  determined. Here we  consider  dama- 
ge,  injury, turnover loss, image  loss,  process  losses,  etc. 

Step 5, estimating  effects 

A figure  for the  effects  is  allocated  to the most  probable  consequences 
determined in step 4. The  figure  1  for  very  minor  consequences,  the  figure 
10 for very  serious  consequences.  With the help of the table below  the 
figure  for  the  effects can be  determined. 

Step 6, determining risk (R = C x E) 

The  extent of the  risk (R) is  determined  by  multiplying  the  chance (C) by 
the  effects (E). 

Step 7, determining what standard the risk  must satisfy 
With  the  values  found for R, C and E we determine  in what risk class the 
risk is located. 



events 

ij 

Step 8, 

.. . .. 

countermeasures 

In this step  we  determine  what  countermeasures are possible  for  limiting  the risk. 
Here  the  priority  sequence  is  applied  (source  eliminztion,  prevention, correction, 
damage  limitation). 

Step 9, determining risk reduction 

For  each  countermeasure and for  the sum of  countermeasures  we  determine what 
the risk reduction shall be. If the nsk  after  the  countermeasures is R1 (= K1 x 
El) the risk  reduction is {(R - R1)IRJ x 100%. 

Step 10, cost-benefit analysis 

As the last step  a  cost-benefit  analysis  is  made for each  countermeasure or  for the 
sum of countermeasures.  After  that  the  responsible  management can make a 
choice. 



ysis Method. 
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R = C x E  
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1. INTRODUCTION 

1.1 Departure  procedures 

The two  main methods employed  by NS to  make  passenger trains depart a railway station 
are: 

B. departure command by means  of the "signalling disc" (pulled stock). 
A. issuing the departure command by means of a "green control lamp" in the cab and 

1.1.1 METHOD A: 

8 

* 
8 

The guard gives the  signal  (blows the whistle). 
The command  "close  doors"  is  given  by  means  of the train key. 
All doors close, except the guard's door. 

trapped in the doors. 

to illuminate. 

are in the "off" posltion. 

door too to close. 

* The guard verifies whether all doors are closed  and ensures that no passengers are 

* The guard presses the "open" button, causmg the "green control lamp" in the cab 

8 The driver will pull  away  when  both the "green control lamp" and the track signal 

* The guard now removes  the  train  key  and presses the "close" button, causing this 

The "green control lamp" serves a two-fold  function. It indicates that the exterior doors 
are closed and at the same time gives the driver the departure command. 

1.1.2 METHOD B: 
* 
8 The command  "close doors" is given by means of the train key. 
* All doors close, except the guard's door. 
8 The guard verifies whether all doors are closed  and ensures that no passengers are 

The guard gives the signal (blows the whistle). 

* trapped in the doors. 
The guard motions to the driver (or flashes a green torch) to indicate that 
departure may  commence. 
The driver pulls away. * 

8 The guard closes his  own door. 

2. KINDS OF RISK 

The risks listed below  have  been  recognized  and are being analysed: 

a. Departure through the danger signal  and a subsequent serious accident; 
b. Injury when  boarding a stationary train; 

d. Injury when getting off a statlonary  train  (along the platform); 
c. Injury when  boarding a moving  tram (along the platform); 

e. Injury when getting off a rnovmg  tram (along the platform); 
f. Falling off a moving  train (higher speeddopen track). 

Netherlands  Railways 
Railway Safety Department 2 



3. DEPARTURE THROUGH THE DASGER  SIGNAL 

The below information has been derived from  the  Management Information System Rail 
Safety  (Misos; - Ep  4.1). 

During the eleven year period  from 1981 to  1992  inclusive, the departure command  was 
issued 108 times while the stop  signal  Indicated danger and the trains actually drove 
through the danger signal. 
Note: The incidence of the departure  command  being  given in spite of the  stop signal 
showing danger was probably  signlficantly  higher. In these cases, the driver will have 
averted further consequences. 

During the period under review, a single collision  occurred which was  caused by the 
departure command having  been  issued  in spite of the stop signal indicating danger and 
the train’s subsequent departure through the danger signal. Six passengers and two 
employees were injured in this accldent. 

The above allows an expectation quotlent for such  Incidents to be derived, which  would 

very narrow basis. 
be once every 11 years. From a statistlcs pomt of view, however, the above represents a 

accident triangle and basing  the  calculation on the  108 undesirable events over a period of 
For this reason, the expectation  quotlent  has  been  re-calculated below, using the so-called 

11 years (issuing the departure command  and  subsequent departure through the danger 
signal). 

Netherlands Railways 
Railway Safety Department 3 



damage 

near-miss accident 

/ 1000-s \ unsafe situations acts and 

The accident  triangle shows a fatal accident  expectation  quotient of once  every 65 
years. 

Number of departure  procedure  per  annum  (reference  year 1987): 
On the basis of the average distance between  stops  (approx. 10.4 km) and the number  of 
train kilometres per  day (approx. 285,000 km), the  rough number of departure procedures 
p a .  was calculated and is approx. 10 million. This data makes it possible to calculate the 
overall expectation quotient for a wrong departure procedure, assuming 10 wrong 
procedures p.a. The quotient is: lod. 

Comment: 

Netherlands  Railways 
Railway Safety Department 4 
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The information now available also allows the probability of human error to be 
considered. 

RISK ANALYSIS: 

Step 

1 

2 

3 

4 

7 

Question 

Which  activitylrisk location, 

What  can  go  wrong? 

What  chance  is  there  of such an 
lnctdent  taking  place? 

1 = very  small  chance 
2 = small  chance 
3 = average chance 
4 = fair  chance 
5 = large  chance 

What  would  be  the consequences of 
such  an  Incident  taktng place, 

At best: 

At  worst: 

most  probably: 

How severe do  you  estlmate these 
most  probable  consequences  to  be? 

moderate very severe 

R = C ' E  

What  criterion  must  the  risk  sattsfy? 

~ ~- 

Answer 

Issuing  departure  command  when 
stop signal at  danger  and 
subsequently  actually  driving  through 
danger slgnal 

trainlshunting eauipment 
Collislonlcrash trainltrain  or 

C = l  
Justification: 
Misos Indicates one  incident  every 1 1  
years; accident  triangle  reveals  one 
incident every 65 years. 

A t  best:  material  damage 

A t  worst:  casualt~eslin~ured  persons 
and vast  material  damage 

seriously injured  persons 
Most probably:  vast  material damage; 

E = 9  

Netherlands Railways 
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Step 

8 

9 

10 

~ 

Question 

Which measures are feasible (in 
addition) to limlt the rlsk? 

2. Preventton 
1. Source eliminatlon 

3. Correctlon 
4. Damage limltatlon 

-0 what degree is the  risk reduced by 
'ach measure? 

I1 = C1 * E l  

lisk reductlon: ((R-R1 )/R) * 100% 

:ost ~ benefit analysts per measure or 
omblnation of measures? 

onclusionlrecommendatlon 

Answer 

Tackle source: 
Do not permit cross-over train 
manouvres. (This would render the 
operatton of railways virtually 
Impossible). 
Preventive: 
(Selective ?)implementation of New 
Generation Automatic Train Control, 

danger signal impossible. 
making accidental passing through a 

Corrective: 
Substantial reduction in the incidence 
of driving  through danger signals 
posslble only  through technical 
measures. (Under discussion with 
respect to chance of human error). 
~mi ta t ion  of damage: 
Selectively) make t r a m  move  at 
ower speeds (40 kmlh)  at  train 
jeparture sites. 

mplementation of New Generation 
4utomatic Train Control: 
3isk matches chance of technical 
'ailure. 
Selectively making trains drive at 
ower speeds at  train departure sites 

:urrent level of services virtually 
this measure would render the 

mpossible). 
I,, = 4 
3csk- = 1 * 4 = 4 
3isk reductlon: 55% 

ihe cost  of integral  implementation  of 
dew Generatcon Automatic  Train 
:ontrol IS estimated to be around Dfl. 

~ .5 to 2 bllllon. 

Netherlands  Railways 
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4. BOARDlNGlGETTlNG OFF A  STATIONARY TRAIN 

Only  incidents of a  more  serious  nature  have  been  entered into  the Management 

shows, on-average, each year: 
Information  System Rail Safety. The database  containing  all  daily  irregularities 

24 injured persons due  to  "boarding a statronary  train"; 
13 injured persons  due to  "getting off a stattonary  train". 

On average, NS processes 900,000 ( 1  992) travellers each day,  all of whom 
board  and get off a train a t  least  once. 
The  mean chance (in order of magnitude)  of  an average passenger  sustaining 
injury  when  boardinglgetting  off a statronary train per annum is: 4 * l o 5 .  
The  severity of such  incidents: usually slight  injunes. 

RISK ANALYSIS: 

Step 

1 

2 

3 

4 

5 

Question 

Whlch  actrvltylrlsk locat1on7 

What  can  go  wrong? 

What  chance IS there of such an 
incident taking place' 

1 = very  small  chance 
2 = small  chance 
3 = average  chance 
4 = fair  chance 
5 = large  chance 

What  would  be  the  consequences of 
such  an  incident  taktng  place? 

A t  best: 

At  worst: 

most  probably. 

How severe  do  you  estlmate  these 
most  probable  consequences  to be' 

1 ~ --------_-- ~ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ __________  > 10 

moderate very severe 

Answer 

Boardlng/getting off a stationary train. 

Passengers sustain Injuries. 

Justification: 
C = 5 (large chance) 

year: 46; 
Number of lncldents  reDoned each 

number of Injured  persons  each year: 
37. 

at best:  no  Injurylno  materlal damage 

at  worst: seriously injured 

most probably: slight  injuries (grazes) 

E = l  

Netherlands  Railways 
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Step 

6 

7 

a 

9 

10 

Question 

R = C ' E  

What crlterion must the rlsk satlsfy' 

Which  measures are feaslble (In 
addition) to limit the rtsk? 

2.  Prevention 
1. Source elimmatlon 

3. Correctlon 
4. Damage limltatlon 

To  what degree is the rlsk reduced  by 
each measure? 

R1 = C1 El 

Risk reductton: ( ( R - R l ) / R )  * 100% 

Cost - beneflt analyss per  measure  or 
combmation of measures? 

Conclusionlrecommendatlon: 

Answer 

R = 5 ' 1  = 5  

E < 7  
R < 10 

Tackle source: access from  the 

the same  level; gap between  platform 
platform to the  train and vice versa at 

Adjustment: Fit roiling  stock with 
and train as small as possible. 

grips. 

Tackle source: Risk becomes 

Adjustment:  Fining grips would cause 
negligible. 

an estimated decrease of 50% in the 
number of incidents. The severity 
remains the same. 
R , , = 4 ' 1  = 4  

Risk reduction: 20% 

Tackle source: unaffordable. 
Corrective measure (fining grips): 
Implement only if costs are low (more 
customer  friendly). 

Improve  boardinglexiting  conditions 
for  rolling  stock  (platforms). 
In view  of  the small chance of 
sustaining injury  and  the  slight nature 
of such incidents, low risk  priority is 
given to incidents  taking place when 
boardinglgetting off stationary trains. 

Netherlands Railways 
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5. BOARDINGIGElTlNG OFF A MOVING  TRAIN 

The Management Information System Rarl Safety  (Misosl  reveals  that 24 
incidents  have  occurred in a  period of 11 years. 

Consequences: - no injuries : 1  
- injured 
- seriously Injured 

:9 
: 13 (invalidity) 

- killed : 1  

Only incidents of a  more  serious  nature  have been entered into the  Management 
Information  System Rail Safety.  The  database  containing all daily  irregularities 
shows, on average,  each  year: 

6 injured persons due to  "boarding  a  movlng  tram"; 
7 injured persons due to  "getting off a  moving  tram" 

RISK ANALYSIS: 

Step 

1 

2 

3 

Question 

Which activitylrisk  location? 

What can  go wrong? 

~~ 

What chance IS there of such an 
incldent taking place? 

1 = very small  chance 

3 = average  chance 
2 = small chance 

4 = fair chance 
5 = large chance 

~~ ~~ 

What would be the  ConseQuences of 
such an incident takrng place' 

At best: 

At worst: 

most probably: 

Answer 

Boardinglgettlng off movina  trains. 

Serious Injuries may be sustained 
(Invalidity). 

C = 3 (failure frequency 0.5 to  2 

Justtftcatlon: 
years). 

Misos (period of 1 1  years) 
1 dead, 9 injured, 13 seriously 
injured. 
Database (daily Irregularities): 
13 injured persons per year. 

at best: no Injury 

a t  worst: fatal accident 

most probably: 
several injured persons, of whom  at 

each year. 
least one seriously injured (invalidity) 

~~ 

Netherlands  Railways 
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Step 

5 

6 

7 

a 

9 

10 

L 

Ouestion 

R = C ' E  

What criterion must the rlsk satisfy? 

Which measures  are feaslble (In 
addition) to limit  the rtsk7 

1. Source elimination 
2. Prevention 
3. Correction 
4. Damage limitatlon 

To what degree is  the  risk reduced by 
each measure? 

21 = C1 E l  

3isk reduction: ((R-R1 )/R] 100% 

combination of measures? 
2ost - benefit analysis per measure or 

Conclustonlrecommendatton: 

Answer 

E = 9  

Justification: 
see above. 

Risk = 3 * 9 = 27 (class I )  

E < 7  

See page 12 and 13. 

The measures given will also have a 
preventive effect on passengers' 
behavlour. 

Estimated decrease: 
Management Information System Rail 
Safety (period of 11 years): 
1 dead and 9 seriously injured. 
Database (daily irregularities) (period 
Jf 1 year): 
6 injured persons. 
Z,  - 3  E, = 6 ---> R, = 18 
aisk reduction = 66% 

A number of adjustments have 
beenlare being carried out. 

The rsk  analysis clearly shows  that 
measures must be taken. The Risk 

to trace any direct and indirect 
Analyses Model  below has  been used 

causes. 

F 
h '  

i 
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- /  

motivation 
performance 1 skills 

1 pers.  qualities L I 
l? 

4 

I Physical  and  social  environment I 1 incident 

The  direct causes are the result  of  the  following  indirect causes: 

Performance ---- > knowledge: 

Netherlands Railways 
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lntanailmal Rmlwa~ Safety Ssmnor m Francs ~Anaersl. October 1993 

Resources ----> design: 

When the guard releases the  key he  uses to issue the  "close  exterior  doors" 
command, the  key springs  back and the  command is  cancelled. 

compartment  doors). 
Not all exterior  doors are included  in  the "central  locking"  circuit (e.g. luggage 

The  doors of older types of rollrng stock can  be  opened while  the  train is still 
moving. 

Conclusionslrecommendations: 

possibility of holding  on  to  them  from  the  outside. 
Adaptlfit  exterior passenger doors  such  that, when closed, there is  no 

and  operational uniformity IS created  (e.g.  lockrng  is not released). 
Adaptlfit door systems on all types  of  rolling  stock  such  that  both  functional 

Estimated decrease in the number of victrms: 1 dead  and 8 seriously  injured 
(period: 11 years). 

Incorporate  all  exterior  doors  in  central  locking  circuit. 

Close the open  Head Guard's door as soon as it is safe t o  do so during  the 
train's  departure. 

years). 
Estimated decrease in the number of victims: 1 seriously  injured  (period: 11 

Exterior passenger doors can  only be opened once  the  train has (virtually) 
stopped  alonaside the platform. 
Estimated decrease in the  number of  vctims: 6 injured  (period: 1 year). 

6. FALLING OFF A  MOVING  TRAIN (higher speeds, open track!) 

The  Management  Information  System Rail Safety  (period of 1981 to 1992 
inclusive; 11 years)  provides  a  single  incident  in which a  passenger was injured 
as  a result  of  falling  from a moving  train.  In  terms  of  statistics,  this  is  too 
narrow a basis. 
In 1992, there  were 20 reports of an  "open  door in the  course of  the journey". 
During  the same year,  there  were 50 door safety  malfunctions. 

Theoretical  approach to  "falling  from a moving  train",  given 20 x "open  door in 
the  course  of  the  journey": 

Number of peak hours  wrth  balcony  full: 5 days  a  week, 3 hours a day. 
Number of  operation hours per day: 18. 

Assumption: a  passenger leans against  a  door  and falls from the  train as a result 
of this  door  not  being closed: 5%. 

falling from a train  has been calculated  below. 
Using the above  data and assumptions,  the  expectation  quotient for a  passenger 

Netherlands  Railways 
Railway Safety Department 12 



The  calculated  expectation  quotrent  corresponds to a chance  of  once  every 6 
years. I f  the  assumption (5%) is  changed  to 1 %, the  expectation  quotient 
becomes: 

20*-  *- (1%) =0.0333 
18 100 

once  every 30 years. 

With  the above expectation  quotients, it IS now possible to  calculate the annual 
risk (or  rather, the chance)  run by an  lndivldual  passenger. 

assuming  that a passenger travels 20,000 kilometres p.a. by rail, the  calculated 
Basing the  calculation on  the  number of passenger kilometres  in 1990 and 

individual  risk is: 

(this applies to  the assumption of 5%) 

(this  applies to the assumption  of 1 %) 

Theoretical  approach to "falling from a  movrng  train",  given 50 x door  safety 
malfunctions p.a.: 

If we consider a door  safety  malfunctron to be an  undesirable event, the 
accident  triangle  may be used to  estimate  the  chance of a fatal  accident: once 
every 12 years. 

RISK ANALYSIS: 

Netherlands  Railways 
Railway Safety Department 13 



Step 

1 

2 

3 

4 

5 

6 

7 

8 

Questton 

Which actlvity/risk location7 

What  can  go wrong? 

What  chance is there of such  an 
incident taking place? 

1 = very small chance 

3 = average  chance 
2 = small  chance 

4 = fair chance 
5 = large  chance 

What would be the consequences of 
such an incldent taking place? 

At best: 

At worst: 

most probably: 

How severe do you estimate these 
most probable consequences to be? 

1 _ _  _________--- ~ _--__________----_ ~ _ _ _ _ _ _ _ _ _  > 10 

moderate  very  severe 

R = C ' E  

What crlterlon must the rtsk satisfy? 

Which measures are feasible (In 
addition) to  limlt the rtsk? 

1 .  Source elimination 
2. Prevention 
3. Correction 
4. Damage limitation 

Answer 

Open door in the course of a journey 
(high speed/open track). 

Passenger falls from moving train. 

C = l  
Justification: 
See the above calculations of 
expectation quotients. 

a t  best: slight Injury 

a t  worst: death 

most probably: serious injuries I death 

E = 9  

? = 1 ' 9 = 9  

E < 7  
R < 10 

3nly low cost measures. 
Justification: 
The theoretical  individual  risk (or 
rather,  chance),  as calculated above, 
would amply bear comparison with 
the criteria lard down in the National 
Envlronment Policy Plan'. 

Netherlands  Railways 
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Step Questlon Answer 

9 not applicable To what degree is the rtsk reduced by 
each measure? 

R1 = C1 El 

Risk reduction: {(R-Rl)IR) 100% 

10 
combination of measures? 
Cost - benefit analysis per  measure  or 

Conciusionlrecommendation. 

Maintain the current safety level. 
Improve the  safety level if costs are 
low. 

1 Falling  from a moving  train represents only  part  of  the  total  transport risk. 

Netherlands  Railways 
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SUMMARY 

DeDarture throuah danaer  sianal and subseauent  serious  accident: 

To  tackle  the  source of this problem,  tram  departures in spite of  the  stop signal 
indicating danger must be prevented. A substantial  reduction  in the incidence of 
trains  driving  through a danger signal (when  departing) is possible by 
implementing  technical measures (safety). 

The  severity  may  be decreased by selectively  making  trains  drive at a lower 
speed a t  train  departure sites. This measure would  render  the  level  of  services 
virtually impossible. 

lniurv  when  boardinalaettina  off a  stationarv  train: 

With 37 people  injured,  this  category unfortunately  scores  high. 
A measure of  relativity should  be  applied, however.  The  number of passengers 

whole,  only  slight. 
boarding  or  getting off each day IS 900,000! The  Injuries  sustained are, on the 

Tackling  the  problem at source is posslble.  The accesslexit  conditions rolling 

with this measure, this  would  only be feasible in the  long run. 
stocklplatform  could be  improved, but  in  view of the enormous  costs  associated 

Corrective measures (e.g. provide passengers with grips) might  form  the 
solution. 

lniurv  when  boardina/aettina  off a movina  train: 

Such  action  by a number  of  our passengers regularly  causes  seriously  injured 
people. This  situation  must and can be  improved. 

Adaptlfit  exterior passenger  doors such that, when closed,  there  is no 
possibility of  holding  on  to  them  from  the outside. 

and operational uniformity  (for passengers as well as employees)  is  created (e.g. 
Adapt/fit  door  systems  on  all  types of rolling stock such that both functional 

locking is not released when  the  train  key  is). 

Incorporate  all  exterior doors in  central  lockmg  circuit, with the  exception  of 
cab doors, unless these are to become  exterlor  passenger  doors in the  future 
(ICMI. 

train's departure. 
Close the  open  Head Guard's door as soon as it is safe to  do so during  the 

stopped alonaside the platform. 
Exterior  passenger doors  can  only be  opened once  the  train  has  (virtually) 

Fallina off a movina  train (hiaher meeds, oDen track): 

Maintain  the  current  safety level; if  costs are low, improve. 

FI 
i :  
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STAFF ACCIDENTSAFETY ANALYSIS 

Jack Row, Safety Asscclsmcnt Manager. Lmdon Undergtound Limlted 

SlIMMARY 

T h i s  Daper is about the techniauca and database ulred for the quantmed risk analysis of & 
accidentson London Underground. The paper will inctude d&s of the hum & t o n  work 
tnvnlved in this and in the overall risk analysis for Jmondon Underground, the results offie staff 
accident analysis both in terms of the risks to the workfmce and thc inwdual and rnamgcriaj root 
causes ofthe accidents 

~ O ~ X J C T L O N  

A s  pan nf London Undeqround Limacd‘s fLUL) ongoing saky programme the S&ty and 
Quality Dimmate has developed a set of fault trees and evem hxxs that identify the major 
hazards associated with the operation of the 1,UL railway system. and quantify the risks in t m  
of likely fatalicia, The level of derail incorporated into these anaiytid tools has been 
progressively  expanded and improved dmng the past two years. LIJL has now r a t i o n a l i s e d  its 

can be aided by analysis of the relative cost and effectiveness of partienlar measures m terms of 
safety pmyammc onto B more structud basis, whereby decisions on qmditurc progammfir 

safety. This enables LUL to move amy fmm an essentially reactive stance m rr?)ation to safety 
expenditure, lo a proactive m e  where a r m  of vulnerability are identified in advance. 

Since the 1987 Kings Cross fm, and the publication of Ihe public inquiry  (Fcnaell) Rcpon a year 
later, LUL bad namaily givm a hi& priority to directing thost safcry measures towards the 
improvanent of passenger safety. However, the quantified rid BaaSjmmt (QRA) wark had 
i d c n t i f i c d  that LUL staff human factors aspectfi accounted for abom 60% of ihc risk caugatiw 
and, in addition, staff acadent figures were rising quite oonsiderably and repmsmled a sizeable 
paunulge of LUL’s shm-tem risk. White it was mogniscsd that some of (he inercasc in staff 
acoident smistios wss due to an improved accident reponing sysbcmandbetter ducation ofthe 
staff to report accidents and incidents, nevnthdcss, there was a gcRoimc underlying Wend upwards 
that n u  to be understood and assessed 

A6 part of t h m  -ts therefore. models of human reliability within thc QRA have b a n  
developed. These msdcls do nol nax!satily assign lht mscs of errors solely bo the operator. 
When d a t e  wid= factom arc considered such as the role ofmanagcment influenas. h 
addition, a separate dysia of the root causes of staff a c c i d e n t s  has bwn wried out. 

‘Illis report prtsente the backgaund to a11 this work and the dts ofthe QRA far dafTaccidtnts 
within LLJL and the mot  muses of the awidents. 

Human factors  fonn a vital input LO some of the Emit trees. The= is very little published data 
regarding hmnan reliability in the railway industry. and LUJ.’s &ng of human acora is 
limited. At present LUL only m d a  in fomion  h u s h  i ts Incident Reporting Systan. and 
most of this is faotual information relating to the technical nsp- of an incidmt and its oatcome. 
1 his repornag system as it stands fulfils the fdlowing hvo functions: 
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The Techniane Outlind 

The method is  based on a n u m b  of assumptions: 

it is assumed &a$ basic human reliability is dependant upon ths g d c  natun of the 
task p e r f c ~ r m &  

given ideal conditions, this level of reliability wi l l  tend to be achiwed consistently 
wch a given nominal likelihood mvlrhm probabilistic Limits; 

given that these ideal conditionr do not exist in all cimunm, the human r c l i a b i l i t y  
predietd may be arpccted to degrade as a limction o f  the exlent to which the EPCs 
might appfy. 

The method co~lcentrates on the more umal additive (and numnically, in practice, multiplicative) 
nature of EPCs. and assumes that performance will be degraded as the effcua of the EPCs are 
maeased. Currently, therefore, &e HEART mC(hod0logy ignores the strrngths and dinctian of 
potential intuactive dt'ccts. becauac: gcnaally thcsc lllc of low ~wscqrrmct with =gad to the 
overall  nature of the tasks being mvestigatd Thr: approach is broadly conservative, i.e. it ms in 
the dimtion of higher prohabilitica of predicted failure than might othenvise be warcimtcd by 
detailed mxmnmt nf potemrid intermiow. 

In o r b  to simplify the model, and hse It is generally the casc, EPCs are only pedicled to 
lower humaa reliability. 

d iabi i i ty .  A review ofthe human factors l i t c m ~ ~ r e  ocrtaialy iudicatcsthat che rsporkd &ccCS of 
A Nor assumption within HEART i s  that EPCs have gaemlly consistent effects on human 

EPG (acting in imlation or in combination) runarkably consistent in a relative mm, even 
though abmiutc levels of reliability arenmrkdly differcllt. ' h a t  me same hTC4 about which 
little i s  c m d y  knawn and it i s  reco@cd that some of these ocn play a significant role in 
de%mbing human &ability. JZfforts have been made m the HEART mcthod to idamfy htsc 
RPCS and attach a hX&y rrtrrngth. 'Ihis anticipates that the litexaswe wiil catch up with thoncad to 
quantify such CfFects. 

In using the HEART technique fw this study a numbez of asmmptiions have been m;rdt: 

6taK do not in any sitmtcon have an uniinrilcd amount of time to perform tasks; 

it is assumed that all staff have a minifnm of 6 months cxpaiencc with the range of 
tasks ( d e a l i n g  with the different lypts of !%e, and Occtain events on the Victoria line 
the only scenarios in which cxperienoe IS considcacd w an PC); 

when considering the  effkcts of  canying out mom tasksit is always mumd that 
thcdriva~bccnauTying[ntlhcsc~sf~smininnunof-Ubrs; 

stress is noi generally considered as an EPC except in the c38t offires and door O p a h 6  
hazard. 

? 



Assessine the Accumcy of Heart Probabilities IJ&Q Absolute 

in this sardy the HEPS c a l c u l a t e d  using the HEART me&& tm cbeckdfor ac4uraoy uaing 
Absolute Prubability J u d g c m p l t s  (APJ). APJ. also known as Dircd Numerical BRtimation is the 
most diruct approach to the qusncifidoa of HEPS. It rdiw on the ntilisation of cxpats to 
estimate HEPS, based on their paaicular tnowirdge and experience. 

* T h .  U Prob 'lici 

The primary reason for uamg expnt judgement m human nelisbility aase8sments is that usually 
link or no mtbi human mor probabiliry dats exi&. A1sv the data available 88 often difficult to 
interpret dw to inmficimt knowledge of the ci- which conbibuted to than. Thaeforc 
an akemative mdhod must bc found for estimating HEPS for use m prvbabiMc risk 
wsessmenls. One way of sacluing such data is to w e  expefi opinion or jadgrmmt. This .pproaoh 
has already bea, used in a number of pmbabilinic risk assameat siudiar. 

The ralionafe for using exprrtjuagemems is thai expens have knowiedge and e*perfenee which 
osn be translated into quantitative eatimatea of the probability of ocamaux of an event. 
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the pemn S ~ W B  the wrong routine e.g. the driver at a station 010sts the  doors before 
checking the mirror or monitor: 

a stronger ( b m  established) routme r e p l a c e s  the rntended ones e.6. the  dn-ver 
ovcrsp& after ome out of the trams’ spbcd c o n t r o l  after trippa the symam (SCAT) 
before reaching the next siguaaf: 

two actlorn compete for the next step in the mutinc and a curious blend of actions is 
produced: 

the person omrts a key aL%on In the routine; 

the p m n  loscs their placc in the sequence and either jvmps ahead omitting on action or 
repeats a completed auion: 

the m o n  forgets intentlon  and the sequence: stope 

the person has the right intention but works witb rhe wmng object. 

!louthe behavlour often has to be overridden  and other mwer bohaviours have to be acted out 
This requires the persons’ auention and conscious conlrol (this could be a p ~ i w l a r  problem for 
drivers on the Vibm-a line panirmlwly when implancntiog r e s a i d  manual control). However, 
errors can dm OCCUT here if the person is dim& or attends to the wrong aspect of the situation. 
In the fim cast, more estpblished but  inappmpriacc routines may replace the new behavionr and 
In the second, control over older more dli&al behaviour may be ineffecrive and thc new 
bebavims faii. It may be that differences in ddcnt risk may reflect individual diffacnces in 
this ability to respond to the rclevant m d i .  

When calculating  human emr probabilities using HEART it is naceseary to consider the different 
EPcs to be i n c l u d e d  in the analysis. The EPCs included in this afi6esrment arc bclllcd on CVidcnoe: 

from general human factors Iitmture; 

from available mascc (mnsit lit-; 

provided by thc 1992 LUI, report on drivcr stress (which looked in dctail at thc factors 
which  affcct  driver p e r t o m w ) .  

Cnven UIC number of evmts derailed in the fault trees it is clear that a wide mge of Factors will 
influmce the pcrfbmance ofsfaffat work. The most commooly reponed EPCs m the HEART 
calmktions am discussed below and include: 

tiredness and fatigue; 
lack of concarration and distractions; 

R 





An individual's behavim is shaped by m y  other Worn in addition to thosc apsociated with 
skill. The naturc and stmngth of their motivation will both d i m  and dfivc that bduvionr. Them 
are various theories of motivarion and its manipulation m managemem practice These foous on 
either content or pr-. The former deal with the natcae of Ihc motivation, ofka bssal on an 
undcrstwding of the person's ne&, whiie the l a m  d&be the m c c b n i w n s  by w h i c h  
motivarionsl factors affeapcrfmance.  

The control and modification of safo bchavmur often mpioit these theories eitha directly th& 
the design ofjobs or through organisational oroccdurcs such ~b incentive schunw. 





!Ime schedules and mitigate the effecle ul’dehys and late running. 

The 1992 driver stress npnrt illusbates clearly (hac drivers disaiminate betwen diffant elmt8 
ming a number of criteria. Thw witma mclude perceived c~nscquc~~c~s:  

for pameager yafcty; 
fir thc running of the sernce: 
for rhe detection of m. 
for tabsequent diseiplinan, action. 

The probability tha drivers will intenurnally ignore certain r n l c s  and regulations i s  found to bc 
largely determined by these faLws. 

expm’enced by drivm m relation to thdr work. A variety of p d l m  wcrc identified. Onc OfthC 
The 1 9 9 2  driver stre66 report dm gained insight imn the problems or sources of- 

biggest problems areas discussed by drivers was thc problem of delays and lateninning. This 
largely refcrrcd to the ne&ve et%& of such delays and included. 

the effects of being immobilisal for lous periods; 
the disruptive effans on mcal relitfs and life outside work, 
the negative effects on pasmger bdraviour. 

Added to these probians was the perception by drivers that they feel continually prmrcd to 
keep the savicc naming genm~lly and to time. in order to manage this many mivcrs admitted 
that they would  intcntionaiiy ignm cemin ruies and regdalions, for example catain spud 
rwtrictionr 
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are likely to miss information 

system has b m  introducai bmusc it can do lhc job bctkr than he m r  but the 
!he vsnual impossibility of checking the uatomahc decisions. The automatic ~ontrool 

rqmator is snit asked to monitor its effectiveness. 

theirecd to mamtain cognitive skills. Cognitive skills e.g. deciaon making, pmblcm 
solving and diagnoas. whcrc: mend processing is invdvcd. as with manual ski%. n a d  
regular practice to maintain the knowledge in memory. Such hawledge is also be& 
lea r n t  through hands on expaience. 

The tollowng tables and graphs show the distribution of risks of staff accident6 and the mot 
causes of staff  accidents :- 

I &  





Note 

Ynesc risks indude all  levels of severity. sssigniog a fincrlonri fatality level to lost-time and non 1 o a 1 - h ~  
injuries (Non  LTI). ?be i e v d y  ofuevmv involved have baar ddined in the wmequam (cvcnt tree) 
anatysis as iiAlows :- 

Critical A I (or more) deatNycllr 
Major = 0.1 dcaths/Vear 
Minor - 0 01 deathdvear 
NonLTA = 0.001 dtathdyear 

Too E v w  
asmi€l 

( J . 7 2 2  

0.43 
0.303 
0.225 
3.175 
0.168 

0.118 
0.101 
0.0745 
0 0629 
0.0534 

0.0267 
0.01 82 
0.0172 
0.0168 
0.01 54 

0.0139 
0.0107 
a.0081 
0.0079 

10.0027 
--- 
-- 

Rink 
m 

33.29 
20.49 
13.30 
7.25 
7.22 

4.30 
3.03 
2.25 
1.75 
1.68 

1.18 
1.01 
0.74 
0.63 
0.53 

0.27 
0.18 
0.17 
0.17 
0.15 

0.14 
0 I1 
0.08 
0.08 

ioo.00 
- 
- 

Riylr 
[% - exchuling 

-- 
30.73 
19.93 
10.87 
10.82 

6.44 
4.54 
3.37 
2.62 
2.52 

1.77 
1.51 
1.12 
0.94 
0.80 

0.40 
0 27 
0.26 
0.25 
023 

0.21 
0.16 
0.12 
0 12 

100.00 
CI 

-- 



SI'AFF ACCIDENTS RISK ANA1,YSJS - RISK RANKING OF TOP EVENlS 0) 
3CRI"ICAL SEVERITIES ONLY) 

_. Nore 

Thcsc risks include only those levels of severity that wll lead to an actual death, rather than 811 injlrry. T h i s  
lcvcl ofsevwity has been defined m the conmqtmcc (cvent tree) analysis as Critical. 

TOO Evem 
assault) 

'ksult 
EJearic shock or bums (mri14 c a b l e s )  
Struck by moving rail vehicle 
Fall lcsr than 2m 
Electric shock or bums (live rails) 

Fall greater than Zm 

Iiurmml subs(aaces 
Trapped by overturning object 

contadwithm*machinwy 

Struck agaiost f m d  or stdonmy object 

0.169 
0.0999 
0.0546 
0.0513 
0 0257 

0.0184 
0.00687 
0.00263 
0-0021 
0.0019 

Struck by moving, flying or Ming object (other lhan rails) 0.001 53 
shock or burns (plaotlequipment) 0.00138 

0.001 13 
0.000972 
0.000898 

0.000698 
0.000533 
0.000329 
0.000238 
O . o o M 3 1  

0.000201 
O.oooO1.5 
0.000007 
0.0 

0.440562 
~- 
_--- 

Risk 
&a 

38.36 
22.68 
12.39 
1 1 . 6 4  
5.83 

4.18 
1.56 
0.60 
0.48 
0.43 

0.35 
0.3 X 
0.26 
0.22 
0.20 

0.16 
0.12 
0.07 
0.0s 
0.05 

0.05 
0.0 
0.0 
0.0 

100.00 
---- 
c_ 

Risk 
[Ya - e~ctudim: 

36.79 
20.1 1 
18.89 
9.46 

6.78 
253 
0.97 
0.77 
0.70 

0.56 
0.51 
0.42 
0.36 
0.33 

0.26 
0.20 
0.12 
0.09 
0.09 

0.07 
0.01 
0 0  
0.0 

100.00 

- 

-- 
_-- 
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STAFF ACCIDENTS RISK ANALYSIS - RISK RAM<ING OF TOP EVENTS (31 
IALL INJURY SEVERITIES ONLQ 

0.6707 

0.4281 
0.3027 
0.2241 
0.1739 
0.1678 

0.1oO8 
0.0445 

0.0199 
0.0198 

0.0181 
0.0172 
00154 
0 0146 
0 0139 

0 0133 
0.0107 
0.0079 
0 0079 

G.5622 

o.mn 

--I 

Risk xi* 
f?4j)  du dud^ 

33.06 
21.43 
13.90 
7.57 
7.01 

1.48 
3.17 
2.34 
1.82 
1.75 

0.41 
I .os 

0.29 
0.21 
0.21 

0 19 
0.18 
0.16 
0.1s 
0.15 

0.14 
0.1 1 
0.08 
0.08 

1 0 0 . 0 0  
-- 
- 

-- 
32 01 
20 n 
11.30 
10.48 

6.69 
4.73 
3.50 
2.72 
2.62 

1.57 
0.70 
0.43 
0.31 
0.31 

0.28 
0.27 
0.24 
0.23 
0.22 

021 
0 17 
0.12 
0.12 

1 0 0 . 0  
II 

-- 

:a 



Too Evem 
assaub) 

Risk 
IpeaWvcu)  

A s d t  0.G24 
Slip/tripKtdi from same le& 0.879 
T;alf h s  than 2m 0.38 
Struck by movins, flying or Mng object (other than rails1 0.239 

0.225 

0.213 
0.167 
0.101 
0.0885 
0.0653 

0.0474 
0.0399 
0.0175 
0.0233 
0.0191 

0.0148 
0.01 39 
0.01 19 
D 00935 
0.00829 

0.00742 
0.00713 
0 00186 
0.00108 

3.20473 
_--- 
--- 

Risk 

19 47 
27.43 
11.86 
7.46 
7.02 

6.65 
5.21 
3.15 
2.76 
2.04 

1.48 
1.25 
0.55 
0.73 
0.60 

0.46 
0.43 
0.37 
0.29 
0.24 

0.23 
0.22 
0.06 
0.03 

100.00 
--- 
- 

Risk 
Ls'o - e*d* 

--- 
34.& 
14.72 
9.26 
8.72 

8.25 
6.47 
1.91 
3.43 
2.53 

1.84 
1.55 
0.68 
0.90 
0.74 

0.57 
0.54 
0.46 
0.36 
0.32 

0.29 
0.28 
0.07 
0.04 

100.00 
-- 
-I_ 

IY 



STAFF ACCIDENTS RlSK ANALYSIS - RISK RANKING OF TOP EVENTS (51 
{MINOR LVJUKY SEVERlTlES ONLY1 

These rtsks includc eniy those levels of seventy that will lcad to a mmor (lost-time) i n l u r y .  This level of 
severity has been defined in thc conseauctlce (event tree) analysis as Miaor sud corresponds to a fidality 
lwei of 0.01 d&uyear. 

hsauk ? 3  44.20 
SliP/triP/faU fim same level 

--- 
0 965 18.55 33.24 

Manual handling (other than handling rads) 0 807 15.51 27.79 
Struck by moving, flying or falling object (other than lads) 0 372 7 15 12 81 
I ' d  Iw than 2m 0.253 4.86 8.71 

Struck agsinst fid or stabonary object 0 236 4 54 
Hand to& (unpowcrd) 0.0922 1.79 

8.13 
3.18 

fiom staiionary rail vc&& 0.0824 I .sa 2-84 

Struck by moving vehicle (& than rali vch~ie) 0.00732 0.14 0.25 

Hand tools (powered) 0.0055 0.1 1 0.19 
Trapped by overturnily object 0.00399 0.08 0.14 
Ektrio shock or burns (live rsils) 0.0028 0.05 0.10 
Durntlsoaided (other Lhan chemical or electrical agenls) 0.00276 
Harrmlsubstances 

0.05 0.10 
0 00267 0.05 0.09 

Mcctnc shock or bums (phtkquiprnem) 0.00206 0.04 0.07 
Contact w t h  moving machincry 0.00192 0.04 0.07 
Fall grater t l w  2m 0.001 56 0.03 0.05 
Struck by moving mil vetlick 0.000818 0.02 0.03 
Fall from mowng rail vehicle 0 000476 0.01 0.02 

I l a n d l i  mls 0.0638 1.23 2.20 

E k t m  shock or bums (overhead c a b l e s )  
Coilision of two trains in workshop/dcpot 
Collision hazard in workshop/depot 
Derailment in workshop/depot 



STAFF ACCIDENTS RISK ANALYSIS - RISK RANKING OF TOP EVENTS (61 
jN0N LOST-TIME SEVERITIES ONLY1 

NQls 

These risks include only bsc lcvds of seventy that will lead lo a non lost-timc injury. This 1-1 of severity 
has been deliaed in thc conscqucncc {cvcnt tree) analy6is as None and comnds tu & tinaliry lcvd of 
0.001 deathdyeat 

ixE@!tJ 
Too Event 

Assault 0.243 
Mawdl handling (other than handling rai ls)  0 353 
Slip/trip/fdl from same level 0.206 
Struck by movinh flying or @ling object (other than d s )  0.1 13 

0.103 

0.0445 
0.0374 
0.0282 
0.0069 
0.00689 

0.00398 
0.0031 1 
0.003M 
0.00189 
0.00163 

0.001 62 
o.ooo55 
0.000309 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 --- 
I .I58049 _- 

Risk 
@Q 

20.98 
30.48 
17.79 
9.7G 
8.89 

3.84 
3.23 
2.44 
0.60 
0.59 

0.34 
0.27 
0.27 
0.16 
0.14 

0.14 
0 05 
0.03 
0.0 
0.0 

0.0 
0.0 

0.0 

100.00 

0.0 

-- 
--- 

Rick 
l% - e%- 

38.58 
22.51 
12.35 
11.26 

4.86 
4.09 
3.08 
0.75 
0.75 

0.43 
0.34 
0.34 
0.21 
0.15 

0.18 
0.06 
0.03 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

1 0 0 . 0 0  

I- 

--- 
-- 

‘I 



Tgv Event 
& 
:\ssauh 2 924 
Slip/trip/fall &om same l e v e l  1.844 
Manual llaadhg (other than handling rails) 0.974 
J;dl less than 2m 0.633 
Struck by moving, flying or filling object (other than rails) 0 61 1 

Struck against fixed or stationary object 
Fall from slationary rsi l  vehicle 
Collision of two trains in workshop/depot 
Hand tools (unpowered) 
Handling rails 

Collision in workshqddepot 
F& greater lhan 2m 
El& sbock or burns (live rails) 
SuuEkbymavingrailvchicic 
Elsclric shock or burns (overhead c a b l e s )  

Cantact with moving machinery 
Stnrck by moving vchicle (other than rail vehicle) 
Harmid subslsnces 
Derailment in workshop/dcpot 
Elfflric sheds or b u m s  @Lma/er)uipmexu) 

Trapped by ovaiuxning object 
Fall from moving rail vehicle 
Hand tools (powered) 
R d s c a l d c d  (other than chemical ut electrical agents) 

0.3245 
0 2954 
0.225 
0 1396 
0.1291 

0.101 
0.04144 
0.0261 
0.019918 
0 01775 

0 01 672 
0 01561 
0.01 457 
0.0139 
0.01141 

0.01 141 
0.007606 
0.00736 
0.00384 

8.408254 
--- 
-- 

Risk 

34.78 
21.93 
11.58 
7.53 
7.27 

3.86 
3.51 
2.68 
1.66 
1.54 

1.20 
0.49 
0.3 1 
0.24 
021 

0.20 
0.19 
0.17 
0.17 
0.14 

0.14 
0.09 
0.09 
0.05 

1 0 0 . 0 0  
-- 
I_ 

Risk 
(9/.-txdudinr 

- 
33.62 
17.76 
11.54 
11.14 

5.92 
5.39 
4.10 
2.55 
2.35 

1 .a4 

0.48 
0.76 

0.36 
0.32 

0.30 
0.28 
0.27 
0.25 
0.21 

0.21 
0.14 
0.13 
0.07 

1oo.M) 
---_ 
-- 



STAFF ACCIDENTS RISK ANAJZYSIS - STRUCK BY TRAIN RISK RANKING 
jAPPLlCABLE TO ALL IXVELS OF SEVERI'I'Y) 

~ 

f 
E&@ L 

This table shows  how the "Struck by Trrrin" risk figures arc broken hum into the sssocialcd evcnt6 m 
diffmcnt working afeas of the railway and thc frequency and rdativc risk of those w m ~ .  

(fvcar) 
Event 

0.07460 
0.03740 
0.03190 
0.02500 
0.02490 
0.02490 
0.02350 
O.Ou80  
0.018u) 
0.01770 
0.01040 
o.oMs0 
0.0074g 
o*M)o85 

0.32743 
-- 
--- 

Risk I 
f l  

22.78 
11.42 
9.74 
7.64 
7.60 
7.60 
7.18 
6% 
5.65 
5.41 
3.18 
2.29 
2.28 
0.26 

100.00 

L 

- 
I 

_I- 

! 
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Other 

Communication 

Lack of Traini 
Lack of Knowledge 

7 7% 
Lack of Knowledge 

7 7% 



Learning From Past 
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7% 

8% 

Communication 
Failure 

12% 

Auditing & Monitoring 
27% 

<)manisatianal Caussl Factors 

Communication Failure 
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System 
41% 

Rent 

He alth EL Sa 
Culture 

2t Yo 
li 

Training Failure 
33% 



Poor 
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STAFF  ACCIDENTS RISK ANALYSIS - TOP EVENTS 
IALL SNERlTl ES) 

I EVENT 
[Assault 

Manual  handling  (other  than  handling  rails) 

I Struck  by  moving/flying/falIing  object  (not  rails) 

I Fall less  than 2m 
Struck  against  fixed  or  stationary  object 
I Fall  from  stationary rail vehicle 
ICollision of two  trains in workshop/depot 
I Handling  rails 
I Hand tools (unpowered) 
I Electric  shock  or burns (overhead  cables) 
I Collision hazard in workshop/depot 
Struck  by  moving rail vehicle 
Fall greater  than  2m 
Electric  shock  or  burns  (live  rails) 
Contact  with  moving  machinery 
Struck  by  moving  vehicle  (not rail vehicle) 
Harmful  substances 
Electric  shock  or  burns  (plant/equipment) 
Trapped  by overturning  object 
Derailment in workshop/depot 
Burnt/scalded  (not  chemical/electrical  agents) 
Hand tools (powered) 
Fall from  moving rail vehicle 

% RISP 
33.29 
20.49 
13.3 
7.25 
7.22 
4.3 
3.03 
2.25 
1.75 
1.68 
1.18 
1.01 
0.74 
0.63 
0.53 
0.27 
0.18 
0.1 7 
0.1 7 
0.1 5 
0.1 4 
0.1 1 

0.08 

0.08 

- 



EVENT 
Slip/trip/fall from  same  level 
Manual handling (other  than handling rails) 
Struck  by moving/flying/faIIing object  (not rails) 
Fall less than 2m 

Struck  against  fixed or stationary object 
Fall from stationary rail vehicle 
Collision of two trains in workshop/depot 
Handling rails 
Hand tools (unpowered) 
Electric shock or burns (overhead  cables) 
Collision hazard in workshop/depot 
Struck by moving rail vehicle 
Fall  greater than 2m 

Electric shock or burns (live rails) 
Contact with moving  machinery 
Struck by moving vehicle (not rail vehicle) 
Harmful  substances 
Electric shock or burns (plant/equipment) 
Trapped by overturning object 
Derailment in workshop/depot 
Burnt/scalded  (not chemical/electrical agents) 
Hand tools (powered) 
Fall from moving rail vehicle 

_I- 

30.73 1 
19.93 
10.87 
10.82 

4.54 
3.37 
2.62 
2.52 
1.77 
1.51 
1 .I2 
0.94 
0.8 
0.4 
0.27 
0.26 
0.25 
0.23 
0.2 1 
0.1 6 
0.12 
0.12 
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BRITISH RAIL RESEARCH INTO 
WORKING TIME PATTERNS AND SAFEIY 

r 
i 

Abstract 

Britirh Rad (BRI has studied the relarionship between working time patiems of their 
tmn & i v m  and safq. The St@ emmines everu ma per mitlion manhows worked for 
pmicular  safq-rehed everus. The main focus ntzi signak pasred at danger (SPADs). 
bur opemring  inckients ami personal ~LX&#S nwe ako consklered Over 7500 mats 
nwe emmined, with exposwe data of 50 million m a n h o w  The mulls an? interesting 
as, with the bene$? of com&rab& quantities of ev&W the Study rev& no inaeac;e in 
s a f q  &is when working up to I2 how sh& figh lea& of wk& fwws or long runs of 
oomecutiw shj& &hour a bmk S a f q  &is w e  not found to be influenced & 
ppe of work. or v&i@ in shp S~M rime.  Over the mnge of data emmined rest 
iruervais berueen shifts and s a f q   s h o d  no clear relmiomhp. 

A clear panem in the rehriomhtp between hourinto-shjt and s a f q  emwed 
There i s  a peak in the rick of an event occwnng in the 2nd to 4th hows of the shp, 

f o l l o d  by a @ual decrease in ricks up to the I21h how. No data um ava&b& to 
emmine any longer shifts. The & e m  of a daytime rm& eJ2u (rehtihg to passenger 
tmveiling p m m )  compliants interpretation of the data but does  not q k x n  the peak 
in risks found in the enr& pan of shifrs. General&. tile safety rick WE found to be 
much Iess at rughr, bur this wns not so for the more serous ewnrs. No link, how. 
w s  then found between severity and  houriruo-shtjt.  Working high week&  hours um 
found to be associated with a higher  proponion of the safer rug& and weekend work 
Removing this shtji mix eflect  revealed no underlying imreme in kks as more h o w  nwe 
worked There are some  indicnzions, h o w w ,  that the rick may be gnmer for those 
working fewest w k b  hours and on j h  retwning to wotk a#er a period of time-ofi 
Familiariuvion m q  be outwe%hing fatiw efleas over the mnges emminad 

Introduction 

This report brings together  the results  and  key  supporting  evidence from 
extensive  statistical analysis of safety events  (notably  signals passed at  danger) 
and  train  driven working time  patterns. It also reviews the methodology used 
and conclusions  drawn, highlighting the caveats that  are to be placed on the 
evaluation. 

The full results for  train  drivers  are available on request from BR's Safety Policy 
Unit in Report OYSOO3/1 (of BR's Operational  Research  unit). The main 
findings are  to be  published in Safety Science. Research  continues  into  other 
groups of staff working in safety sensitive  environments - engineering  workshop 
staff,  signalmen.  trackside staff. It is also  intended to investigate the causes of 
the more noteworthy results. Causation is only discussed in this report where  the 
statistical analysis can  provide  guidance. 

The Study's findings  challenge  many of the commonly held views in this field. 

i 
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I1 Objectives 

4 The objectives of the Study were  threefol? 

4. I To assess  the  safety  risks of introducing  more  flexible working 
patterns for train  drivers 

In 1992 BR were contemplating a pay and productivity deal involving 
restructuring  the  drivers  working  hours  contract.  This  would have 
involved negotiating  the  introduction of shorter  and  longer rostered 
shifts (outside  the  present  range of 7 to 9 hours). as  well as higher 
hours in individual  weeks  (balanced by more time off on other shifts 
and in other weeks). Such changes  could  potentially  affect the safety 
of passengers  and staff. In designing proposals. BR therefore  needed 

- to ensure  any proposals,  particularly for 12 hour shifts, posed no 

- to have  relevant  factual  safety  evidence for use in  negotiation 
increased  safety risk 

with the Railway driver Unions. 

4.2 To review the  safety benefits of BRs working time "outer"  limits, which 
were introduced in 1990 following the  Clapham  train  accident,  to 
monitor  the  working of very long hours 

Four limits are in operation, which apply to all  staff, not  just drivers: 

- maximum 12 hours work per shift 
- minimum 12 hours rest interval between shifts 
- maximum 72 hours work per week 
- maximum 13 shifts in any 14 days. 

At their  time of introduction,  there was no objective scientific evidence 
on which to base  any limits. Limits constrain  productivity  and  hence 
railway competitiveness. I t  is important  therefore to test the safety 
benefits of the limits  and obtain objective  guidance as to whether they 
are  correct TT should  be  tightened or relaxed. Such  information is 
especially  relevant as  the  Health & Safety  Commission (HSC) consider 
what  working time limits are necessary for a  privatised railway. 

4.3 To increase  understanding of the  relationship between safety risks and 
working  time  arrangements  in  order  to improve safety by changing 
working  time  arrangements 

There  are  areas  where  academic  and  other  opinion,  and prospective 
UK regulations  and  European legislation suggest the  need for 
constraints on working  time to  prevent  fatigue  endangering  safety eg 
night working,  cumulative  weekly  hours  over  long  periods (eg the EC 
maximum 48 hour week).  This  Study  sought to  test  such  hypotheses 
from  direct  empirical  evidence for a  key group  (train  drivers).  There 
are  also  other  areas  where  the knowledge of a  link to safety might 
help  construct  rosters or reorganise  working anangements  to improve 
safety eg age,  daily  shift  start variability, pattern and  type of work. 



111 scope 

5 These  objectives  required  many areas of working time to  be explored,  both 
separately,  and,  where  data  permitted. in combination with each other. Joint 
analysis of more than one working time  factor  simultaneously 

(a) - tests whether conclusions represent  genuine  underlying  effects  and are 
not simply explained by another factor,  eg the 2nd to 4th  hour-into- 
shift peak in risk might be  due to the hour-of-day result, which shows 
highest risks in the  morning traffic peak,  just after  many  drivers have 
started  their shift: and 
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(b)  increases  the  range of circumstances analysed eg looking  at hour-into- 
shift effects  at  different hours-of-day, tested  whether long shifts  were 
as safe at night as in the day. 

1 The full range of factors  studied,  separately or jointly, and  definitions used are: 

Type of '  Age * Seventy of Hour 
work consequences of day 

Hour-into-shift 

Regularity of shift start time * 
Day of week 
Rest  Periods  between shifts 

J J J J Weekly  hours ' J J J J Consecutive  shifts-into-spell 
J J Hour-of-dag 
J J J J 

1 

Exmnrned by categorrsrng BR's 190 t r a l n  depots  accord-ng to hslness wnership:  Netrork h t h  
East  depots (short t n p  stop s t a r t  work w t h  m p l e x  laycuts and h l g h   t r a f f r c  density): 

a r k  and long  drstance  cross uuntry  1-1- s& rark):  Frerght depots (long  haul and louer 
Interc i ty   dewts   (h rgh  s$eed and long d7stance): Reglonal Rarlways d e w t s  (mxture of NSE type 

SW. "ffiV" dnv rng   sk l l l s ) .  Sone depots r>ll do other &s?ness's r o r k  hrt r t  was not 
posslble to rea l l o ra te  Such work. 

Farr age  bands apply:  drivers < 25 yrs: 25 to 44 yrs; 45 to 59 yrs: > 59 yrs a t  tme of e. 

Seventy appl7es to SPA0 consequences only. Fwr cateqorres are used: 25 yard overram wlth 
no damage/lnpry: 25 to 200 yard  overruns w t h  M damage/?npry: over ZOO yard W e m m  w i t h  
no damage/>npry: SPA& causing damage/lnJury (7rrespectrve o f  overrun). 

Harr-into-sh>ft = 1st hr. 2nd hr etc. NE Thls 1s & t h e  same as s h l f t  length eg 9 hr long 
Shift, 10 hr  long shift etc: such data M u l d  be biased SI-, when u w k  stops a f t e r  an 
imrdent.   the  length of Shr f t   that   Muld otherV1se have been rorked IS u n k m n .  

day bet- 0M)l and 0859. These ceriods ware set by  drivers actuai booking- and -off 
Night  sh-fts  are  taken as d n v e r s  starting on MIB day  between 2100 and 2359 or f in ish ing next 

profile.  N>ght-tWm (,e n ight  hours) are hwrs wrked betteen 2000 and 0659. 

Consecutive  shifts-Into-see11 = 1st  ShTft. 2nd s h l f t   e t c  worked (for wha- r e a m )  i n  a 
spell. NB Thrs IS mt the same as Mlber of CWISeQlt-Ye sh3fts w r k d  eg spell of 2 shifts. 3 
s h i f t s  etc. fo r   exac t ly   the  sam ream as f o r  hour-lnto-sh,ft. 

Weekly  hours rarked  are analysed i n  tro ways: reekly hours r r rked Over last 7 days (including 
the day of the event). and average  weekly hours  --ked over l a s t  13 weeks. The 13 *eek 
average examwes hlgh a r m l a t w e  hours Over long pencds. test ing tha EC IWI 48 hr weak. A t  
t h e   t m e  of t h l s  Study the EC reference per>& was 3 mnths (not 4 as it 1y1 is). 

v a r l a b i l l t y  = average  da7ly change over  prev~ous 8 days. 
Regularqty of sh,ft  start. tm?: dar l y   vanabr l l t y  = change fm prewars day; p r w ? w s  week 
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7 The analysis of these factors was naturally  constrained by the actual  working 
patterns  and  hence by drivels  collective  Agreements  and  the "outer" limits in 
\>peration. All hours and shifts worked (for  whatever re. .m)  were  included eg 
!mining  shifts  as well as shifts spent driving.  The range of experience  where  there 
was  sufficient  data  for useful study  were: 

Factor Range studied * 

Hourinto-shift 
Hourof-day 
Consecutive Shifts-into-spell 

, Weekly  Houls : (one  week) 
: (13 week average) 

Rest periods between  shifts 
Day of week 
Regularity of shift  start  time 

1st to 12th hr 
All 24 hours 
1st to 14th+ shift 
1 to 7O+ hrs 
5 to 60 hrs 
19 to 11 hrs  and  under 
All days of week 
0 to 4 +  h l s  

I1 

* For nights, the full range was studied  for hour-into-shift  and  hour-of-day, 1st 
t o  7th + shifts for consecutive night shifts and 1 to 50 + hrs for weekly  night 
hours. 

8 This  range of experience  enabled  analysis of risks 

(a)  up  to BR's present "outer" lirr,rs but not  beyond,  except to a  limited  degree 
for consecutive shifts: and 

(b) up  to and beyond  proposed EC limits,  particularly for nights, average  weekly 
hours  and weekly rest. 

The higher levels of working time are all being performed by drivers  in  overtime. 
Overtime is voluntary  (although often  rostered)  and  hence self-selection  may 
influence the resultant risks. This aspect  has not been specifically studied  because 
of difficulty in obtaining  comparative  data. 

N Methodology 

9 The  Study assessed  safety risks by examining  event  rates per million manhours 
worked of various  safety-related  events.  The  approach  was to see whether  the 
risk of an  event  occurring was higher in those shifts or parts of shifts 
corresponding  to  particular  working practices. If one practice is inherently less 
safe  than  average, it would be  expected  to have a higher  event rate. This 
approach involved the following steps: 

(a) identifying  relevant  safety-related event  data 
(b) determining  the  exposure  data 
(c)  calculating  event  rates  (for  relevant  safety-related  events) 
(d) testing for statistical  significance and  genuine underlying effects. 
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(a) Safetyrelated event Data 

IO The  criteria  for  selecting events for  study  were first. safety-relevance:  second, 
involving driver  performance:  third,  statistical viability. An event  was  safety- 
relevant if it was either harmful in itself (personal  accidents) or   camed a risk of 
being  harmful  (SPADs. operating  incidents).  Driver  performance  was  the 
mechanism by which working time  patterns were  transmitted  into  safety events. 
So safety-related  events which the  driver could not influence  were  excluded  (eg 
SPADs  caused by signal failure).  Statistical viability covered both  quantity of 
data being sufficient for statistically  significant  results to be  possible, and 
acceptable quality of data.  The  safety-related  events  studied were: 

10.1 Signals passed a t  danger (SPADs) 

A SPAD  occurs when a train  (after  advance warning)  fails to  halt  at a red 
signal. A SPAD may or  may not result in any damage or injury. 

SPADs benefit  from being a  virtually  distortion-free  data source, since it is 
not  the  driver  (but  the  signalman) who normally reports  the  SPAD. Large 
quantities of relevant  data  could be studied from BR’s SPADMIS  database: 
5527 SPADs from 1985 to 1992 (after excluding any  where a driver was not 
responsible).  However, for  some analyses  (consecutive shifts, weekly hours, 
rest  periods  and  regularity of shift  start  time), it  was necessaly  also  to match 
the individual with data held on the  payroll to  establish information  about 
the  particular  working  time  pattern  prior to the  SPAD. Two full years 
payroll data  from  September 1990 to 1992 was used. These  analyses  could 
therefore only use SPAD data from the  same period (1383 SPADs). 

10.2 Operating Incidents 

Operating  incidents  are  where  a  driver fails to  operate  the  train  as required 
eg overruns platform, hits buffer. Damage or injury may o r  may  not result. 

967 driver-related  incidents  were used from BR’s BRIMS database. In 
each  case  data was  required  from  the payroll to obtain  relevant working 
time  details.  hence  the operating  incidents  analyses for all  factors were 
restricted to 2 years 1990 - 1992 data. 

10.3 Personal  accidents 

Personal  accidents  are  those which drives themselves incur whilst on duty 
eg slipping or tripping whilst in o r  out  of cab. Such an  accident may or  may 
not result in lost time tie days off injured). 

947 personal  accidents  (due to driver-related  causes)  from 1990 to  1992 
were  used from the BRIMS database. As for  operating  incidents,  data from 
the payroll was required, The main  personal  accidents  excluded from study, 
not being driver-related,  were  those where  the driver  suffered  shock  from 
witnessing a  suicide or  major injury. 
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I I For each type of safety  event, and for each of the working time factors  studied, 
frequency  distributions  were  produced  eg  number of SPADs in 1st hour, 2nd 
hour  etc  for studying  hour-into-shift effects: number of personal accidents in 1st 
shift, 2nd shift in spell  etc for studying consecutive shift effects. 

12 Not all working time  factors  were  examined for each of the three types of safety 
event. SPADs were  analysed for all factors.  Operating Incidents and  Personal 
Accidents  were  analysed for the five factors  relating to BR's "outer" limits (ie 
hour-intoshift. hour-of-day,  consecutive shifts, weekly  hours  and  rest  periods). 

(b) Exposure  Data 

13 To determine the safety  risks  one  cannot look just  at  the frequency with which 
events occur.  Naturally  most  events will occur  with the most typical working 
patterns. when most drivers are at  work. But the  more unusual  working pattern 
with very  few  events may in fact  put the driver  most at risk. To find out where 
the  greatest risk lies, requires  considering  exposure  to  the risk in question  and 
hence  the  rate  at which such events occur. 

14 The  exposure  data  used, or 'population' base, for normalising the event  data  to 
calculate  the  rates,  was  drivers  actual working hours (from booking-on to 
booking-off) on driving shifts. Thus hours spent on training  and other non- 
driving  shifts  were  excluded  from  the  exposure  data.  This  means  that for any 
training shifts on say  the  3rd shift in a run of consecutive shifts, booked  hours 
from  those  training shifts d o  not  contribute to the particular event rate  calculated 
for  that 3rd consecutive  shift.  The  exposure  data  came from a complete 2  years 
payroll data  from  September 1990 to  1992, covering over 6 million driving  shifts 
and 50 million manhours. I t  overcomes seasonal  effects  and  provides detailed 
data on actual working time  patterns. 

15 Although other  studies in this field have also used hours worked (GAO Rail 
Road  Study of drivers in USA rail companies';  Van  der Flier's study of SPAD's 
in Holland': British Coal Study of hour-into-shift accident rates3), the  choice of 
relevant  exposure data is debateable.  One option  (for  SPADs) was numbers of 
red  signals  encountered.  But  this is not a  factor  that  can  be varied by changes to 
working  time  arrangements.  Another  was the amount of actual driving  time (as 
distinct  from  working  time) ie the  time  the  driver  spends at the controls. In both 
cases no computerised  accessible  data was available.  Further,  they were  not 
relevant  to the prime way in which drivers' working time is regulated in BRS 
"outer" limits, and in HSC's proposed regulations on drivers  hours of work for 
privatised railways ie hours  actually on du ty  at work. It was possible, however, to 
use  driving  time to validate  the  selected exposure data (see  Annex A). 

16 For each of the working time  factors  studied,  frequency  distributions of time 
worked  were  produced  eg  number of million manhours in 1st hour, 2nd  hour  etc 
for  studying  hour-intoshift effects: number of million manhours on 1st shift, 2nd 
shift  in  spell  etc for studying  consecutive shift effects. 



(c) Calculate  Safety-related event rates 

17 The  event  rate is simply the  ratio of the two distributions at  steps  9(a)  and  9(b) 
above.  for each  safety-related  event  and  each  factor  studied  eg  SPAD  rate per 
million  drivers  hours (MDH).  operating  incident  rate  per MDH,  personal 
accident  rate  per  MDH,  for  each hour-into-shift, hour-of-day, weekly  hours  etc. 
So SPADs in the 12th hour, divided by million driver hours in the 12th hour, 
gives  SPAD  rate per IMDH for 12th hour. 

(d)  Testing for statistical significance and  genuine underlying  effects 

18 In order  to draw  conclusions  about  safety risks from  the results, it is necessary to  
be sure the event rates eg for  SPAD/MDH in 3rd  and 4th consecutive shifts, are 
genuinely different.  This was dealt with by: 

( I )  removing the  effects of random  fluctuations:  and 

(2) testing for  genuine underlying  effects ie to eliminate  possible  "artifacts" 
in the result. 

ii 

19 Standad  statistical  tests were used to test whether  variations in the  event  rates 
were  just random fluctuations or statistically  significant results. This is 
particularly  important  when studying the risks of BR's "outeS  limits which are  at 
the  extremes of BR's experience  where little data exists. This was done by 
assuming a Poisson distribution of event  data  and calculating the  bounds, or 
confidence limits. within which one is 95% confident  the  "true"  rate will lie. So 
for any 20 points on a graph,  one point in 20 can  be expected to lie outside  the 
confidence limits. 

20 The  confidence limits remove  the  effects of random (or chance)  fluctuations by 
giving ranges within which the  "true"  rate lies. Comparing  one  range with 
another gives an indication of where an underlying  trend exists. 

21 To  eliminate possible "artifacts" in the  data it is necessary to  remove possible 
causes of the result eg if the hour-into-shift  results  were  caused by the hour-of- 
day  result,  then  the  hour-into-shift  result would not be demonstrating a  genuine 
underlying effect. This  required  joint analysis of as many factors  as possible (as 
was noted in the  scope of this  Study, a t  paragraph  5(a))  eg hour-into-shift by 
hour-of-day,  hour-into-shift by age. Joint analysis was done by: 

(a)  performing  the  analyses  for  different  subgroups in a  second  factor  eg  hour- 
intoshift was studied by itself and  then  again  for each of the 4 age bands, 
for each of the 4 types of work. and  for  each of the 4 severity  categories 

(b)  applying  more  sophisticated  statistical  techniques  (multivariate analyses) to 
isolate  2  and in one case 3 factors  eg  studying  hourintoshift  by  hourof-day: 
weekly hours  worked by hour-of-day and hour-into-shift. 

This  enables  the  results to  have been tested  against  as many as possible of the 
hypotheses which might be put forward  to explain the findings. 



V Validation 

22 Extensive checks on both the  safety-related event  data and exposure data were 
conducted.  These  are  discussed  at  Annex A. 

VI Results and Supporting Evidence 

23  The following section states  the main findings  and provides the key  supporting 
evidence for each result. Graphs of the five key results only are  attached.  The 
conclusions  drawn rely upon the statistically  significant results (unless otherwise 
stated).  The  prime guidance was sought  from  SPADs where data  integrity  and 
quantity was greatest. 

Shift  Length (See Graph 1, Annex B) 

24 Evidence does not  suggest  safety risks  increase with working long hours (up to 
12) in a shift. On the  contrary,  the  later  hours are less risky than  the earl ier  
hours in the shift. There is no evidence to  suggest a n  apparent  safety benefit 
from current BR "outer" limit (of 12 h r  shift ). 
24.1 The evidence shows a clear  pattern in the  event  rate by hour-into-shift for 

all three  safety-related  events examined. Safety risks/MDH 

- peak in the  early  part (2nd to 4th hour) 

- fall to average  level  (middle of shift) 

- reduce  thereafter, levelling o u t  in later  8th  to 12th hours (but less SO 

for Operating  Incidents  and  Personal  Accidents where 10th  to 12th hr 
not statistically significant) 

- show no upward trend  as the data  runs out at 12th hour in the shift. 

24.2 For SPADs, drivers are more  than twice as  likely to have a SPAD in their 
2nd to 4th hour ie in their  'personal peak', as in their 8th to  12th  hour. 

24.3 Neither  particular  age  bands  nor type of work nor the most severe  events 
showed  any increased risk with later  hours in shift (see paragraph 26). 

25 Evidence shows the  riskiest  part of the  shift is the  2nd  to  4th  hour and  this 
'personal' peak is not explained by the  existence of the morning/evening 
passenger  traftic peak  effects or  any  other  identified factor. 

25.1 Removing  the  hour-of-day,  and  hence  traffic  effects, from the hour-into-shift 
SPAD results hardly altered  the  pattern of hourintoshift risks. It only 
marginally  depressed the 'personal' peak  and marginally increased the  later 
hours, leaving  the 2nd - 4th hour rate still twice the level of 8th to 12th. 

25.2 Neither did  particular  age bands,  types of work, nor severity of 
consequences show any  different  pattern  of risks (see  paragraph 26). 
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25.3 When non-driving hours were removed from  the  hours worked (ie start  up 
time,  end of shift time.  mealbreaks  and other  dead  time).  the  peak  SPAD 
risk  was still the  early  part of shift  (but the peak moved from 3rd to 4th 
hour) with later hours still lower risk. The 4th hour risk  (73.2 
SPAD/MDH) became slightly less than twice the  later  hours risk  (41.3 
SPADjMDH). 

- 
25.4 I t  has not been possible to test for any relationship with mealbreaks. 

26 Pattern of safety  risks  associated with shift  length is not influenced by type of 
work, age  or severity of consequences. 

26.1 SPAD/MDH for each type of work  studied  shows the same  pattern across 
the shift ie the  later  hours (8th onwards) on Network  SouthEast.  Regional 
Railways, Intercity  and Freight depot work all  show  lower SPAD  rates  than 
for the  earlier hours (3rd hour peak).  The  differences are statistically 
significant, except for Intercity. 

26.2 SPAD/MDH  for  each  age band studied  shows  broadly the  same  pattern 
across  the shift ie greatest risks  in earlier hours.  However, not all  the 
results are statistically significant, particularly for  under 25 years  and  the 
12th hour figures across all age bands. 

26.3 SPAD/MDH  for  each severity  category  studied  shows  the same  pattern 
across  the  shift ie greatest risks in earlier hours. In particular,  the most 
severe SPADs  (those resulting in damage o r  injury) eshibited a clear peak 
in 2nd to 4th hour,  reducing  thereafter. Not all the  results for  later hours 
are statistically significant. 

27 Evidence does not suges t  working long shifts  (over 9 hrs) going  into  the 
passenger traffic  peaks  increases  safety  risks. 

27.1 Where  the 9th  to 12th hour-into-shift  coincides with the morning  and 
evening  passenger  traffic peaks, which are  the riskiest times of day, the 
safety risks (in 9th to 12th hours) are on an  increasing  trend,  but a t  a level 
below the  average rate  at  the  traffic peak. So even at  the riskiest hourof- 
day, the  later hours present no greater risk (and possibly less). 

27.2 For example, those booking-on  between 2200 and 2359 have their  9th  to 
12th hours in the  morning traffic peak  and  a SPAD/MDH of 30.4  in those 
hours,  compared with the  average rate for  the  morning traffic peak of 35.8. 
This is even more  marked  for  the evening  traffic  peak:  those  booking-on 
between 0800 and  0959 have their 8th to I 1 th hours in the  evening traffic 
peak  and a SPAD/MDH of 17.4  in those  hours  compared with the average 
rate for the evening  traffic  peak of 29.1. 

28 Evidence does not suggest higher  safety  risks when workiig long shifts (over 
9 hrs) a t  night-time. There is no  apparent  safety benefit from the  proposed EC 
Directive  Working  Time  limit  on  nights (of 8 hrsf. 

28.1 Removing the hour-of-day and  hence night-time  traffic  effects from  the 
hour-into-shift SPAD results  hardly altered the pattern of hour-intoshift 
risks (as 25.1 notes). The very marginal  increase in the  later  hours still  left 
the risks in such  hours only half those of the 'persona!' peak. 
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28.2 Where  the 9th to 12th hour-into-shift occurs  at night-time (ie 2000 to 0659). 
the  safety risk (in 9th  to 12th hours) was below the average rate  for night- 
time. So even  at night the  later  hours in t'." shift  present no  greater risk 
(and possibly less). 

28.3 For example, those booking-on between 1400 and 1559 have their  9th  to 
12th hour occum'ng after 2200 hours  and  a SPAD/MDH of 11.8 in those 
hours compared with the  average rate  for night-time of  16.2. Those 
booking-on between 1800 and 1959 whose 9th to 12th hours occur  between 
0200 and 0459, have a SPAD/MDH of 11.4 in those  hours compared with 
the  average  rate  for night-time of  16.2. 

Nights (See Graph 2, Annex B) 

29 Evidence does not suggest night-time risks being greater than daytime. On the 
contrary,  night-time  generally has lower safety  risks  than daytime. 

29.1 The  evidence shows a  clear  pattern in the event  rate  over  the  24  hour  day 
for  SPADs and  Operating  Incidents.  Safety  risks/MDH 

- peak in the  morning  passenger  traffic  peak (0700 to 0900) 

- reduce to the average level (midday) 

- rise again  to  second lower peak in evening traffic  peak ( 1 6 0 0  to 1800) 

- reduce  thereafter,  remaining  consistently  and significantly lower  from 
2000 onwards  throughout  the  night  until  sharp rise (at  0600). 

Personal Accidents were not found to be  related to hour-of-day, with 
possible exception of slightly less risk in early  hours of morning (0300). 

29.2 Drivers are more  than twice as likely to  have a SPAD in morning  passenger 
traffic  peak  as in the  early  hours of morning. 

29.3 Removing  the  hour-into-shift  effects from  hour-of-day SPAD results hardly 
altered  the  pattern of hour-of-day  risks,  which seem strongly influenced by 
the traffic levels. It only slightly reduced  the  morning traffic peak, leaving 
SPAD/MDH in the morning  traffic peak  still  more  than twice the level in 
the  early hours of morning. 

30 Pattern of safety  risks  associated with houmf-day is  not influenced by type of 
work. 

30.1 SPAD/MDH  for each type of work shows a broadly  similar  pattern across 
the 24 hours, ie the  night-time risks less than daytime. This was  more so for 
Network  SouthEast  and Regional  Railways depot work than  Freight  and 
Intercity depots.  The  differences were not all  statistically  significant for 
Intercity  and Freight. 
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31 There is some evidence suggesting that  the  risk of a more severe  safety event is 
higher a t  night-time,  but  there was no  identifmble l ink to  hour-intosl~ift fatigue. 
Freight and light  running constitute the  majority of severe  events, but for both 
day  and night. 

31.1 As degree of severity increased. the SPAD/MDH profile  altered  acmss  the 
24hours.  The  more severe SPADs ie those resulting in damage or injury, 
showed: 

32 

- no peak in risks at  the morning and  evening  traffic  peaks 

- no lower risk at night-time, with possibly  a higher  night-time  than 
daytime risk (peaking  at  midnight). 

31.2 Although  freight  and light running locos (locos not  hauling  any rolling stock) 
account for only one third (34%) of all SPADs, they account for 62% of all 
the  more  severe SPADs. However the  62% varies  little by hourof-day  ie it 
is no worse  at night when more  freight than  passenger  trains are running. 

31.3 All types of train, including passenger, have  a  higher  ratio of severe  to non- 
severe SPADs during  the night than day. 

31.4 Studying  just  the  more severe SPADs (ie those  resulting in damage or 
injury) around midnight (2300 to 0200) shows most still occur in the drivers' 
early hours-into-shift, ie in their  'personal' peak,  and  not in their  later hours. 
Thus hour-into-shift fatigue is not a contributory  factor. This does  not 
however  rule out body clock fatigue,  but  these issues arise  from  the railway 
traffic  pattern not from decisions about  how  to  organise working time to 
service  that  pattern of operations. 

31.5 Further work will be  done  to  test  for  any link between  the  more  severe 
SPADs and variability of shift start time (where  the US Railroad  Study 
found a  link). 

Evidence does not suggest a cumulative  increase in safety risks with greater 
amounts  of  night working (over the week). 

32.1 SPAD/MDH for  those working consecutive night shifts  shows no increase 
with  higher  numberj of night shifts worked consecutively (up to 7 + , when 
the  data runs out). 

32.2 SPAD/MDH for  those working night  shifts over  the  last  seven  days  (but  not 
necessarily consecutively) shows no increase  with  higher  amounts of hours of 
night shifts worked (up to 50+, when the  data runs out). 

Consecutive Shiis (See Graph 3, Annex B) 

33 Evidence does not suggest working high  numbers  of  consecutive shifts (up  to 
14 + ) without a break increases safety risks. There  is no evidence to  suggest an 
apparent  safety benefit from  the  current BR "outer" limit (of 13 shifts in any 14 
days) or the proposed EC Working Time  Limit of weekly rest (of 35 hrs, ie 1 day 
off per week). 

P 
L. 

i 
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33.1 The  evidence shows a generally  similar pattern in the  event  rate by 
consecutive  shifts-into-spell  for all three  safety-related  events examined. 
The pattern of safety risks is weaker  than  for  hour-into-shift  and hour-of- 
day,  but shows: 

- a higher risk for t h e  first shift back after a break 

- generally  higher risks for  the first five consecutive  shifts  than  thereafter 
(although not always statistically significantly  higher) 

- no upward  turn  as  the  data runs out  at 14th and  over  consecutive shift. 

33.2 Further work will be done  to test whether  the risks on first  shift back are 
related  to  length of time absent. 

34 Pattern of safety  risks  associated with consecutive  shifts is not influenced by 
type of work, age, or  severity of consequences. 

34.1 The  SPAD/MDH  for  each type of work studied,  each  age  band  studied and 
each  seventy category studied contained  insufficient  data in all  cases  to 
identify  statistically  significant  trends. However,  the results were consistent 
with the  overall result with no different trend  emerging of consecutive shifts. 

Weekly Hours (See Graphs 3 and 5, Annex B) 

35 Evidence  does  not suggest  working high numbers of weekly hours  (up to 70 + ) 
increases  safety risks. There is no evidence to  suggest an apparent  safety benefit 
from the  current BR "outer" limits (of 72 hrs per week). 

35.1 The evidence shows a  broadly  consistent pattern in the event  rate by hours 
worked in last seven days  for all three  safety-related  events  examined. 
Safety  risks/MDH 

- are highest  (but not statistically  significantly  higher) for  those working 
fewest  weekly hour j  (under IO per  week) 

- stay at average  level  for those working up  to 50 hrs per week 

- reduce  up to 70 hrs  (that reduction being  explained by shift mix effects: 
see 35.2 below). 

35.2 Taking the shift mix into account shows a steadily  increasing  proportion of 
time  worked  at  the  lower risk times, ie nights  and  weekends,  as  more weekly 
hours  are  worked.  Work in these  periods  increases from 5% (for drivers 
working 30 to 39 hrs per week)  to 78% (over 70 hrs per - sek). Removing 
this  effect from the weekly  hours  results removed  the  apparent  reduction in 
risks over 50 hours per week and did not reveal  any  underlying  increase as 
higher  hours  were  worked. 
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36 Pattern of safety  risks  associated  uith weekly hours was not  influenced by type 
of  work. age  or severity. 

36.1 SPAD/MDH  for each type of work shows  broadly  the  same  pattern  across 
the week ie the  higher hours (over 50 per  week) have lower risks. The 
reduction is likely to be  due to the  shift mix findings  noted at 35.2. 

36.2 SPAD/MDH  for  each age band shows the  same  general  pattern  across  the 
week ie a  slightly  downward  trend in risks as  hours increase.  This  applied 
equally to the  age band (25 to 44) working highest weekly hours. The 
reduction  is  likely to be  due  to  the  shift mix effects. Not all the results 
were statistically significant. 

36.3 SPAD/MDH for each severity categories  shows  the  same  general  pattern 
acmss  the  week,  and consistent with the overall result for  longer  hours 
worked in the last week to  correspond with lower risks. Shift mix effects  are 
likely to explain the lower risks. Not all the results  were  statistically 
significant. 

37 Evidence  does  not  suggest  any  cumulative  increase in safety  risks  when  working 
high weekly hours  (up  to 60).  when averaged over a 13 week period. There is 
therefore no apparent  safety benefit from  the  proposed EC Working Time  limit 
of a maximum 48 hour average week. 

37.1 The evidence  shows  a  pattern in SPAD/MDH very similar  to  hours  worked 
over last seven  days  result:  a  trend for higher  average weekly hours  to 
correspond  to  lower  SPAD rate. 

37.2 The  data runs out beyond  the 48 hr  limit (at 60 hours), with the  trend in 
risk continuing  downwards.  Although shift mix effects  were not positively 
examined, an initial investigation suggested, as with the single  week  result 
(noted at 35.2). the downward trend may be due to the shift mix effect. 
Removing  that  effect did not reveal an upward  trend. 

Rest  Periods (See Graph 6,  Annex B) 

38 No consistent  evidence of any  clear  pattern  relating  length of rest  periods 
between shifts and safety  risks.  There is no evidence  to  suggest an apparent 
safety  benefit  from the  current BR "outer" limit (of 12 hs). 
38.1 The  evidence shows no clear  pattern in the  event  rate by rest periods for 

the  three  safety-related events examined.  Safety  risks/MDH 

- showed no trend  at all across the rest period  examined for Personal 
Accidents and  Operating Incidents: it neither  increased with periods of 
12 hrs  and  below 12 hrs. nor reduced for longer  periods  (up to  19 hrs) 

- showed  a  slight  increase for  SPADs  from  the  current norm (of 16 hrs 
rest between shifts) for both  shorter  and  longer rest  periods.  But only 
16 hrs rest was a  statistically  significant  result. 



I4 - 

Day of Week 

39 Saturday  and  Sunday working involve  lower safety  risks  than  Monday  to Friday. 

39.1 The  evidence shows a clear  pattern in SPAD/MDH by day of week: 
Saturday  and  Sunday have significantly lower risks. This is  consistent with 
the hour-of-day results which showed the  off-peak periods the safest periods. 

Regularity of shift start time 

40 Evidence does  not  suggest  any increased safety risk with irregular working (ie 
large daily or weekly variability in shift start  time), or with regular working 
(identical  daily star t  times). 

4 0 .  .I Large  daily  variability in shift start times was not common.  Only 20% of 
shifts  varied  from one day  to the next by more  than 2 hrs (either way). of 
which just less than half were by more  than f 4 hrs. Those with greatest 
Variability showed  a slight reduction in risks. Although not specifically 
tested,  this  reduction is likely to be because of hour-of-day  effects  leading  to 
such  shifts being worked  at  safer times ie at night. 

40.2 Daily  regularity in shift stan times  accounted for the majority of shifts. 64% 
varied by less than 2 an  hour (of which over half had no change). No 
increase in risk was associated with these  groups. 

40.3 The evidence on previous week average  daily  variability in start  time was 
similar to daily  variability. Again, no increase in risks, if anything  a 
decrease  at both extremes  (for no variability and * 4 hrs variability). Again, 
the  times when such shifts are worked may explain the reduction in  risk. 

Type of  Work 

41 Whilst type of work was  not found to influence the  risks  associated with  various 
working  time  patterns,  the evidence shows different types of work have 
significantly  different  absolute levels  of risks. 

41.1 SPAD/MDH was highest for  Intercity  depot  work 30.0, joint lowest for 
Network  SouthEast  and Freight depot work 22.0 with Regional Railways 
depot work 27.0 in between. Such differences  can only partly  be explained 
by the  differences in working patterns  (eg  Network  SouthEast typically work 
longer  hours, which were found to be lower risk). 

&e 

42 Not  only was age  found  not  to influence the risks associated  with various 
w o r k i i  time patterns, the evidence also shows different age bands have 
very similar  absolute levels  of risk. 

42.1 SPAD/MDH  were very  similar for all age bands examined.  Although 
drivers  under 25 had a higher  rate lack of data  meant  the result was not 
significant. 
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This Study  into  train drivels working time patterns  and  safety  has  imponant 
results  for  managing  safety.  There  are messages which run counter to much 
current thinking in this field,  as well as suggesting new aspects to be  addressed. 
An extensive  range of working time factors are  studied individually and,  where 
possible, jointly. The  results  are based on substantial  quantities of data. 

The Study  shows  how the safety effects associated with working  time 
arrangements  can  be objectively assessed. The  method has potential  to improve 
safety,  monitor  effects of existing working time  arrangements,  and  ensure railway 
competitiveness is not  constrained by limits on working time which are 
unjustified on grounds of safety. 

The Study's initial objective was to assess any  increased  safety risks associated 
with the proposed restructuring of the drivers  working time  contract,  particularly 
longer (but fewer) shifts. The Study shows none were  evident  and  the findings 
were used to achieve fu l l  safety validation of the  proposal in January 1993. 

The findings also  show no evidence of safety  benefit for  drivers  from BR's 
specific "outer" limits on working  time, some of which are  similar  to  those 
proposed in a regulatory and legislative context. The  Study  finds 

(a) no evidence that  safety risks increase with working long hours  and  hence  no 
apparent  safety  justification  for limits of 12 hrs  per shift, 72 hrs per week or 
13 shifts in any 14 days: no clear relationship  between safety risks and rest 
intetvals  between  shifts is found and  hence no apparent  safety  justification 
for  the 12 hrs  minimum rest interval; 

(b) no safety benefit  from introducing tighter  "outer"  limits in these working 
time  areas.  Moreover,  there could be a  safety  disbenefit  where the risks 
relating to  the  present limits are lower than  the risks relating to  the mix of 
houdshifts resulting  from introducing a tighter limit. 

(c)  minimal direct  evidence on the likely effects of relaxing the BR limits is 
available. This is because the range of data  available for study  runs  out  at 
or  just beyond BR's limits. However, no upward trend in risks just within 
the range of evidence emerges  from BR's data. British Coal  evidence was 
able  to  explore a longer period of hour-into-shift data  and saw an upturn in 
risks at  the 14th hour-into-shift. 

The Study also shows n o  apparent safety  benefit  from  introducing  constraints in 
other working time  areas, where both UK Regulations  and EC legislation are 
under consideration: 

r 

(a)  no evidence  that  the cumulative  effects of working high weekly hours  over a 
period  increases  safety risks. This  applies  not  just  up to  an average 48 hour 
week  (averaged over 3 months) but up to  an average of 60 hours,  the  point 
a t  which the  data  runs out: 
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(b) no higher  safety risks at night associated with working time patterns  and 
hence no safety  justification  for  restricting the length of night shifts (to 8 
hrs). Again a safety disbenefit might arise from say replacing  two 12 hour 
shifts with three 8 hour shifts: 

(c) no safety  benefit associated with weekly rest of 35 hours ie I day off per 
week. The  consecutive shift results show no safety benefit is apparent for 
even 1 day off per fortnight. 

The findings also  show no evidence  that the  safety risks of the  different working 
time  arrangements  studied  were influenced by particular types of work (eg high 
speed  Intercity work compared with stop/start  short  trip Network South East 
work).  age  bands  (eg older drivers  compared with younger ones), or irregularity 
in shift  start  times  (eg  high  daily variability, compared with regular  start times). 
As severity of SPAD  consequences increases, the  higher risk period  moves from 
daytime to night-time.  But the evidence does  not  then suggest any link to  later 
hours in the shift  and hence no link fatigue from long shifts endangering safety. 

The Study  confirms some known issues about  safety risks, but also raises some 
new ones: 

48 

49 

(a) that  the  peak in safety risks in a shift is the early not the later hours. Other 
studies  have  found this eg British Coal and Dutch railways. but they  have 
not been able to explain it. For BR i t  is not explained by the  passenger 
traffic peak effect. the  actual time spent driving o r  any other  factor 
explored. Lack of data prevented  examining  the  effect of mealbreaks; 

(b) familiarisation effects may be outweighing  fatigue  effects over the range of 
hours  studied. The highest risks in consecutive  shift working were on the 
first shift back after a  break: longer hours working (up to BR’s present 
limits) had  increasingly lower risks eg per shift. The higher risks occumng 
on first returning to work will be  explored further by examining  length of 
time  absent: 

(c) the evidence that  longer shifts are  safer  and  the  peak in risks is in the 
earlier  hours,  raises  questions about short  shifts  and split shifts. Neither 
could be  studied as  they are not found amongst BR train drivers. 

(d) self-selection is another factor which may explain certain results. The 
reduction in risks associated with higher hours working, which presently 
almost exclusively occur in overtime,  may be indicative of self-selection 
being  safety  positive.  Comparative data is not readily  available to  test  this 
further; 

(e) generally,  night-time is shown as  safer  than daytime. The obvious 
explanation is the lesser passenger  traffic  effects  outweighing the body clock 
effects. But this is not so for the more  severe  events studied. What causes 
their midnight risk peak, given it appears not to  be associated with shift 
length? Tests by variability of shift start  time will be done: a factor  the US 
Railroad  Study  found  to  be relevant. 
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50 Detailed  presentations of these findings have been made to BR Board Executive 
and  senior railway managers. the  drivers  Unions, the  Health & Safety Executive 
(HSE) including the Railway  Inspectorate, and the Working Hours 
Subcommittee of the Railways Industry Advisory Committee  (RIAC).  The 
Study fo-rmed the basis of the safety validation of proposals to restructure  driven 
hours  and  the Board's  response to the HSC proposals on regulating  drivers hours 
of work in a privatised railway. It is also to be used by both BR and the HSE in 
the context of prospective EC legislation. 
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ANNEX A 

DATA VALIDATIOla 

1 Data validation related to 

(a)  the  safety-related  event  data: 
(b)  the exposure data used. 

(a) Checks on Safety-related event Data 

2 The  data  sources  used for capturing  the  event data is BR's two  databases, 
SPADMIS for SPADs.  BRIMS  for  operating incidents and  personal accidents. 
Both  databases  are  much used for operational  and  research  purposes. 
SPADMIS is highly facused,  the subject of much  investment and extension in 
1989  and now very c,mprehensive.  BRIMS  began in 1990 and  represents  the 
industries  standard for holding such data,  and much of it about  statutorily 
reportable events. Limited  sample checks for consistency and emrs were 
conducted. 

3 BRIMS investigations did however show there  was  an  improvement in 
recording  standards over the  data  capture  period used  (Sept 1990 to  Sept 
1992). Personal  Accidents increased by over half and  Operating  Incidents 
more  than  doubled.  Combined with some  reduction in high hours working 
(see paragraph 7 below)  this would tend to introduce  a bias, lowering  the 
incident  and  accident  rate results for particularly high weekly hours  and long 
runs of consecutive  shifts.  Initial  investigations  have  shown this  had  only a 
marginal  effect ie although  the event  rates in the higher  hours  have  increased 
slightly, they are still less (although not always statistically  significantly less) 
than  the overall average  rate. 

4 Personal Accidents were especially checked for potential  bias of omitting  end- 
of-shift data. Since most accidents depend on the  driver  reporting  the event, 
there may be less chance of such a  report for less serious  accidents  where no 
lost time is involved. The checks involved performing  the hour-into-shift 
analyses for lost time  accidents as distinct from  all accidents: no different 
results  emerged. 

5 Some  SPADMIS  and  BRIMS records omitted  data  needed for various analyses 
(eg a valid severity code).  Further, it was not always possible to  match  the 
individuals involved in a  safety-related event with their payroll record  to  obtain 
the necessary additional  data. In these  cases,  such  events  were  omitted for 
that analysis and  hence  the various  analyses for  the  same  years do not all use 
exactly the  same  number of events. This means  the  overall  average  rates  can 
vary slightly eg  average  SPAD/MDH  for  September 90 and  September 92 
varies  between 26.10 and 27.09 (on graphs 3 . 4  & 6 at  Annex B). 



(b) Checks on Exposure Data 

6 Two types of checks  were  carried out on the  exposure  data:  checks  relating  to 
the 
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representativeness of the 2 year  period used: and 

accuracy of the  data used. 

7 The  data on booked  hours  worked  related to  the 2 year  period  September 
1990 to September 1992. Checks were  made  to ensure this 2 year  nonnalising 
period was representative of the 8 year  period in which the  SPADs  had 
occurred. This was particularly important since following the introduction 
of'outer limits", longer  hours  working (per shift, per week  and  consecutive 
shifts)  had  been  curtailed. To do  this, SPAD/MDH  for  hour-intoshift  results 
were  studied  both over 2 years  and 8 years. No material  difference  emerged. 

8 Data accuracy was  checked because  the  source of the  hours  data was BRS 
payroll the  purpose of which is to  pay drivers  accurately,  rather  than 
necessarily record  hours  actually worked. Use of booked-on to booked-off 
hours  for this Study,  removed the  prime  source of non-worked  (but paid)  hours 
eg  overtime  paid at  time-and-a-half.  However,  local  arrangements could affect 
particularly the booking-off time  recorded. Two crosschecks were  therefore 
applied: 

(a) a sensitivity test on the  results 

(b)  the effect of using alternative  exposure  data (ie actual driving hours). 

9 The sensitivity test  checked  accuracy of booked hours. It  calculated the error 
size  needed in the payroll booked  hours  data for the 10th. 1 Ith  and 12th hour 
hour-into-shift results to be  at t h e  overall average  rate (24.6 SPADdMDH), 
instead of their  actual  calculated result. The  tests  showed: 

Hourinto-shift Actual Result  Error  Size Needed 

10th hour 17.3 SPADs/MDH 30%  omission 
1 lth  hour 11.5 SPADs/MDH 53%  omission 
12th hour 13.2 SPADs/MDH 46%  omission 

Even larger errors in the payroll booked  hours  data would be  needed  to 
reverse the conclusions ie show an above-average  rate  in  loth,  11th  and  12th 
hour  similar  to  the 2nd to 4th hour peak. Errors on this  scale  are  not credible. 

r l  L 

L 
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IO Not all  booked houls (however  accurately  recorded) will be driving hours  and 
actual driving hours are an  alternative  measure of exposure. Some of the 
safety related  events can only occur when  actually  driving (SPADs and 
operating incidents). This is especially  relevant  where  the relative rates of risk 
using booked  hours or driving  hours would differ - as in 1st and last hour-into- 
shift  and  during  mealbreaks. For most  other working  patterns  studied the 
relative  rates are unlikely to  be  affected. 

11 As already  noted, driving hours data was not  readily  available. A study by BR 
Research'  sampled rosters  but did  not have data on driving  hours in overtime 
(the sole source of all 9 hour+  data). A new  sample exercise was done by 
studying  drivers  actual  records of trips  (ie a drivers "ticket") to  ascertain  driving 
hours  as a  proportion of booked  hours. As expected, it showed  a  lower  driving 
proportion in the first and  last hours  and  during  mealbreaks. Satisfactory 12th 
hour driving data proved difficult to capture.  The  check  then involved 
performing  the SPAD hour-into-shift  analysis using driving  hours (rather  than 
booked hours)  as  the  exposure data. AS expected, the 1st hour risks increased, 
but  otherwise  the profile remained  similar, with lower risks in later hours (up 
to 11 th  hour when data ran out), although the peak in risks went back an  hour 
(from 3rd to 4th hr). 

1. 
January 1990. Rewrt Ref: TP TAG 138. (Final r e w r t  of a 3 year study undertaken by Royal 
"An j-tqat,on intO ttm Causation of S7gnals Passed a t  Danger" by A 0 Glichrlst. dated 

Hotlaray a m  Bedford New College and BR Research fra OCtober 1986 to October 1989.) 



ANNEX B 

GRAPHS OF THE KEY RESULTS 

1. Hourinto-Shift 

2. Hour-of-Day 

3. Consecutive  Shifts  Worked-in-spell 

4. Hours Worked in the Last Seven Days 

5. Average Weekly Houn Worked  Over the Last 13 Weeks 

6.  Length of Last Rest Period 

Many  other graphs of the  supporting  evidence  provided in paragraphs 23 to 42 
are  available. 
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A -HOW  TO  IMPROVE OUR KNOWLEDGE OF HUMAN  FACTORS  ON  THE 
RAILWAY 

lo/ In  cooperation  with human and social science laboratories 

2"l Trackmen's safety at work 

B - HOW  CAN  TRACKMEN  MANAGE  AND  CONTROL  CONSTRAINTS IN 
CONNECTION  WITH  HAZARDOUS  SITUATIONS ? 

1 "I Four stages 

2"1 Analysis models developed and developed 

3'1 Five critical accident-patterns 

4"l Suggestions for  preventive action - How to use the  findings ? 

C - CONCLUSION 

To pursue cooperation with researchers 

D -APPENDICES 

7 "/Four Analysis  models 
Model of Surry 
Model of Rasmussen 

Model of Hale  and  Glendon 
Model of Hale  and  Hale 

2"/ Scenario  example 
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A - HOW TO IMPROVE OUR KNOWLEDGE OF 
HUMAN  FACTORS  ON  THE  RAILWAY? 

lo/ Cooperation  with human and  social  science  laboratories 

conjunction  with  railway  safety  in  particular. 
During the pasf  few  years,  SNCF  has  been  laying  more  emphasis on human  factors,  in 

This includes  research-work carried out  by  ourselves  or  in  cooperation  with  external 
research  laboratories  associated  with  various  universities. 

This usually  takes  a  long time and we  have to be careful when coordinating work 
between  researchers  and  SNCF  operative  staff and managershngineers in  order to 
achieve constructive  results. 

As a  matter of fact, we expect  engineers  and  managers to be able to have direct 
access to the findings of the research when they develop technical systems  and 
operating rules  or  when  they  organize  the  workers'  activities, . 
This research-work  may  involve  ergonomic,  psychological  and sociological aspects. 

technical and human  aspects: for example  the  research on ASTREE (automatic  control 
Some  factors  are  already reflected in  overall  projects  for  new  systems in terms of 

system  for the future) or  on the new TGV generation  (what  is  the driver's role and what 
driving-aids  are  available to him/her ?). 

Other research-work  relates to operating  and  maintenance  activities : for example train 
drivers,  traffic  controllers,  signalmen,  trackmen and rolling stock  maintenance  staff. 

For  each  subject  we  try to call upon  academic experts in the various disciplines in 
order to get  a  wider  range of views. 

Throughout the project,  a scientific committee'  assesses the whole research-work : the 
specification for the research-theme,  methodology  applied, cooperation with 
engineers,  managers  and  workers,  findlngs. 

2V Trackmen's safety at work 

Our  research-work on trackmen's  safety  is  twofold : 

First, a socio-historical approach to track  maintenance and gang safety : 
~ gangmen's  age-profiles,  training  profiles,  abilities  and skills, relationships 

between  gangmen and with thew  managers, ... 
- technlcal developments in  trackwork and their  impact on the track- 

organization of trackmen's work,  working  time, .... 
maintenance  activity,  equipment  and tools used, communication systems, 

- how  have we exploited  feedback  Information  derived  from past accidents  in 
this area of activity ? 

'That sctenttfic  commtttee IS composed of Research Office. and  researchers from M S .  CNRS, INRETS. 
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(This  research-work was carried out  by  Mr. George  RIBEILL,  chief  researcher 
and lecturer in sociology,  expert in railway-matters.) 

Secondly,  a more psychological and ergonomic approach. 

The researchers analyse the  ways  in  which track  maintenance crews cope wth 
hazards on the running line  while at work. 

From an ergonomc view point an Initial analysis of trackmen's  working 
conditions has shown the diverse and varlable  situations encountered which 
involve  a range of hazard  combinatlons. 

The  most critical combinations called "patterns"  have thus been identified.  To 
detect those potential  dangers,  it was first  necessary to analyse the different 
levels  of safety management and plannlng,  and to consider the possible 
interference  between the requirements of productivity  and  safety. 

Researchers  have  developed  a method  for the analysis  of hazard control 
patterns,  which  is  based on the "Hale  and  Glendon  model". This method  is 
helpful to characterize  the  behaviour of trackmen  when  faced  with  safety-risks  at 
work. 

(It was jointly conducted  by  Mrs  Annie  WEILL-FASSINA,  chief  researcher and 
professor of  psychology  and  ergonomlcs  and  Mrs Cecilia De La GARZA, 
researcher.) 

The  following text gives some  detailed  information  about  of the latter. 

B - HOW CAN TRACKMEN  MANAGE  AND  CONTROL  CONSTRAINTS 
IN CONNECTION WITH HAZARDOUS  SITUATIONS? 

lo/ Four stages 
The  investigation is made up  of  four main stages : 

a) A biblioaraahic  analvsis of  workers'  behaviour  in  hazardous  activitv : 
~ the process  of  danger-detectlon, 
- models used to identlfy  and  represent  such  processes, 
- reasons  for  success or failure  in such a  process: 

b) A first  review consists In  examinina track  maintenance activitv. ldentifvina kev- 
factors In the oraanization and  rnanaaement  of  oroductlvitv  and  safety : 

- coordinatlon  between  operating  and  mamtenance semces, 
- organlzatlon  of mamtenance  operations, 
- safety rules & regulations  and  implementation  by  trackmen, 
- managers' remits ( permanent  way  Inspectors,  foremen, ...), 
- techncal resources  and tools used, 
- trackmen's  know-how. 
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Following  the  bibliographic  review, and the initial  examinat]:. of track  maintenance- 
acfivlty,  the  provisional  conclusion  boils  down  to  considering i. accident  situation  as  a 
system  which  includes  environmental aspects, task-achievement,  technical  factors and 
past experience. This model  may  be illustrated  by  the  picture  below : 

General knowledge . 
- safety  rules 
- work procedures and rules 
- activity progress 
- Incidents 

Memory representation of these knowledge 

.1 

J, 

3. 

4 
Maintenance activities Information about 

train traffic in course 

\? ____ 
Environmental factors 1 

W 

Diagnosis of sltuation, assessment by workers 

Circumstantial representations 

Action  with safety behaviour 

Putting into practice safety behaviour,. . or taking risk 



c)  Analvsina  Drevious  accident5 : 

Researchers  have  evaluated  the  various  accident-analysls  methods applied by SNCF : 

. Statlstical analysls : relatlonshlp  between  accidents  and  environment,  age, 
timewhen the accldent  occurred, ... ; 

Although this analysis is  helpful, It is  not  easy to decide  upon preventive 
measures  accordingly  since  it  does  not  produce  a reliable representation of 
events and their succession on the spot; 

- FaulVevent  tree: 

For  several  years, SNCF has  been  encouraging  managers to apply such a 
method. Its multidimensional  character helps us  understand and show the 

This  method  is  very  useful to improve the informational  feedback loop from 
linkage  between  several  causes; 

operational  experience  on  safety,  especially  when  trackmen  are closely 
involved in the development of the feedback-process ; 
But fault  trees  can't  take  into  account the time-dimension and dynamic 
character  of  events. 

Then the  researchers  suggested  studying  other  methods  for  analyzing  incidents. 
They tried to define and apply  new  models  which  may  be  more  relevant and suitable 
for ever-changing situations and  teamwork. 

They finalized the methodology  on  a few typical  instances of accidents,  in order to 
define all multidimensional  elements in the accident  scenario : 

- organization,  processes  and  procedures, 
- physical and technical  factors, 
- traffic, 
- informatlon  available, 
- planning,  schedule.  relative  timtng of actions and events; 

1 

Then they  applied the model on 24 fatal  or  serlous  accidents  which  occurred during 
the past few  years. 

In  each case, they  set up a  scenario  emphasizing the determining  factors in the 
accident  and  their  interaction. 

The correlation  between  these  instances  led to five  typical  patterns  which  result  from  a 
combination of several  elements. 

d) validation  based on actual work : 

Then,  they  had to validate thelr  assumptlons  by  an  extenswe field study conducted on 
the railway  tracks. 

- they interviewed  track  workers,  gang  foremen  and  managers; 

The objective was to make sure  that  the crcumstances leading to accidents were  very 
similar to the actual  track-maintenance  conditions  in  terms of : 

r 



- organizatlon, 
- planning  activity, 
- relationships  with  operatrng  officers. 
~ variability of working  condltions, 

~ workers'  behawour, 
- ...., 

Then they  suggested  preventive  actions  for  the future. 

2"/ Analysis  models  developed  and used 

An accident  cannot be summarized  as  a  human error due to non-compliance  with 

factors  interacting  dynamically. 
rules.  From a systemic view, the accident  appears as the combination of several 

Such  factors do exist  in  trackwork  activity  and  are  generally  managed and controlled. 
But. this control may fail. 

What  does  such control consist  of? : 

Four  different  stages can be Identified during  trackwork  maintenance  operations: 
- preparation  stage  (planning of the work); 
- actual commencement of trackwork (balance between  constraints and 

~ the activity under  progress (management and control of hazards and 

~ train approach  (cntical phase for  danger  control). 

resources); 

incidents); 

constraints and takes declsions  according to his  representations of the risks and 
Different people  come to act at these different  stages  while  each of them controls 

situation under  consideration .Individual behaviour takes place  alongside  with  team 
response. 

The initial review  showed  that  clrcumstances  leading to accidents  may OCCJ- at any 
above-mentioned  stage. These clrcumstances can affect  the way in whtcr. 323ple 
make up their representations of the situation and  they may lessen  risk  control. 

Models of analvsis : 

decisions and actions : (see  appendix  one) 
Different models  were  used to analyse the representations  construction  which lead to 

Model of Surry 
Model  of  Rasmussen 
Model of Hale and Hale 
Model of Hale and Glendon 

These models  were  not  implemented  directly,  but  their  principles  were applied to track 
workers in order to develop  "the control of danger"  model. 
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Alongside  with  this  model , the researchers  drew  up  a  questionnaire on accidental 

outcome. 
circumstances  or  vulnerable  events  known  as "critical events"  which led to the fatal 

The  scenario : 

The  information  about the accident  is  identified  and classified in a table (see appendix 
two)  glving : 

On  the  horizontal  axis, the activity  timing  over the four stages of track  work 

On the vertical axis, all the  features  which  help  identify and classify  activity-data. 
management,  which  can  be  further  subdivided if necessary. 

This data is compiled  into nine headings  which  seem  relevant  for the trackmens' 
activity : 

- Environmental  conditions  (visibility,  noise,  night-work,  etc ...); 
- Track work ( planned/unplanned, organization.work-phase, task,  equipment 

~ Work-scene ( location,  people's  movements ); 
- Running of trains  (organization,  protection,  track-category); 
. Safety organization  and/or  train-announcing  procedures  (protection-devices, 

announcer,  transmlssion of signal  announcing the train); 
- Traffic density  (requlring  interruptions  during  work); 
- Protection  enforcement ( sending out and receiving train-announcing signals, 

- Unformal information; 
- Non mandatory  activities ( remedial  action). 

and tools ); 

clearing the  track,  work  resumption); 

F 
i 

Example : (see appendix  two) 

In this example,  you  can  see an accident  scenario.  The  scenario helps us identify and 

outcome. 
analyse the "critical events" i.e.  circumstances  which played  a decisive part in the 

The "control of  danger  model" can be used to reflect  upon  "critical  events". 

Scenario intermetation : 

The analysis of critical events  is  conducted  through the four  stages in trackmen's 
activity,  in  order to draw up a conclusion  as to the maln  contrlbuting factors . 

3"/ Five  "Patterns" - Recommendations  to  be  made 

Cornoarison of accldents : 

Then  the  researchers made a  comparative  analysis of accidents. They used  a 

five  scenario/pattern  models : 
comparatlve table with the slgnlficant  accldental  circumstances and were able to show 



-A- people  slipplng  when  the  train is  approaching; 
-B- system-disruptlon  while the activity  is in progress; 
-C- weakening of the system in  the  planning  stage  and/or during the start of the 

-D- weakenlng  and  destabllisation  affecting  the  four  work-stages; 
-E- weakening of the system in  the  planning  stage and/or in the starting stage, 

activity; 

and destabilisation upon train  approach; 

Thorouah  analvsis  of  accidental  circumstances and validitv  of  the research aomoach : 

working  conditions : 
The four  following  items  show the circumstances  leading  to  accidents, in terms  of 

- Environmental  condltions : 
. track  lay-out and train-speed; 
. noise-levels 
. visibilrty  limits. 

+ coordination  with  the  Train  Operating  Department; 
. engineering-work  programs,  unplanned  tasks,  work  overloads; 

. safety-related  measures,  as  planned  by  line-management and trackmen 

. trackmen  often  moving  beyond the limits of a protected  area,  as  a  result 

. incidents  caused  by  tooling; 

. conflicts  between  maintenance and safety  which  lead to difficult decision- 

. interference  between  train-operations and trackwork  which  may  impede 

~ Overall  organization-plan  and  safety  measures  affecting track-work : 

- Activity  development  and  organization : 

of a difficulty or of their  actual  work; 

making; 

work  when the number  of  trains is too high. 
- Protection rule enforcement  upon  train  approach : 

. risk  detection by trackmen : non-existent,  delayed or inappropriate; 

. train-announcing  signal : non-existent  or  delayed; 

* clearing of the track : non-existent or giving  rise to slips or incidents. 

At each  stage of the safety  and  work-management  process,  operators have to control 
all constraints and to allow for all satety and production  requirements.  Trackmen 
should also  cope  wlth  hazards  and  unexpected  situatlons  encountered on the railway. 

This approach to work  management  by  mdividuals  and  by  the  group  shows  how,  in the 
light of experience,  trackmen  add  on an all encompassing  safety logic over and above 
the regulatory  logic. So the proposed  steps to prevent  accidents  at  work  should 
therefore be based  on  revised  planning,  communlcation-means,  rules and regulations . 

Such  approaches  can be used to improve  the  feedback-process : 
. as  a  systemic  approach  to  incident  analysis: 
. as  a  means to increase  employees'  awareness  by investigating into  actual 

cases  with this model  thus  reflecting situations encountered at work. 



4V Suggestions for preventive  action - How to use the results 

The  purpose of our  cooperatlon  with  soctal  science  researchers  is  not only to come up 
wrth  new theoretical approaches  but to disseminate  knowledge  about  human factors 
withlnin the company  and to Improve  staff-skllls  in  this  field. It IS meant to be an aid, 
through  specific  models  and  methods, to managers  who  conceive the safety-system  for 
the benefit of trackmen. 

Within  this  framework, the results  are  threefold : 

a)  Direct  suaaestions  for  oreventive  action  concerning : 
- work organization of track-gangs,  and  adapting  such  an  organization to the 

- format and content of documents  and  procedures  in  use; 
- communication-means: 
- training reflecting the need to face  variable  conditions  (contigencies. 

with  productivity, safety,  timmg  of tasksjnfluence of  train-operations, ... 
emergencies),  and  allowing  for all  constraints and requirements  associated 

nature and size of track-maintenance  operations; 

b) How to use the "control of danaer"  model to imorove  feedback : 

At first  sight, this methodology  seems to be  complicated.  We  would not necessarily use 
it as such. 

This method  comes in addition to other  traditional tools (statistical analysis,  events 
tree, ...) ; it is useful for the thorough  analysis of typically  dynamic  situations, including 
teamwork  in  particular. 

The model may be adapted to non  track-work  situations. 

In such  a  case, the use of  this model seems quite natural to experts,  managers, and 
workers  because the approach  is  similar to their way  of carrying out their  work. 

Moreover  when  feedback  is  debated  with  workers,  they  usually  blame us for stresslng 

all the elements involved in  the  accident  into  account. 
only one  factor  which  seems to be the main  cause  for the accident.  rather  than taking 

Thus,  that  methodology  is  a  useful  means to study  incrdent  srtuations, associating 
managers,  engineers,  gang-chiefs and workers,  in  order to define and implement 
preventive  action. 

Of  course  that  methodology  does  not  solve  every  single  problem, and its  effectiveness 
depends  on the way it is used. 

For each  of us, its also a  motwatlon for taking  in  account  ergonomics and the whole 
aspect of human  factors rn the  development of new  projects. 

any case,  rule  out  individual respons/bil/ty and  liability. 
We should  underline  that  the  systemic  approach  to  incidents or accidents  does not, in 

social  behaviour,,  public  opmon,  media  response, legislation, lawyers,  magistrates or 
We recently  initiated  a  high-level  debate on  the  issue of liability and its  interaction  with : 

legal procedures. 
This subject can't be addressed In this  paper. 



c) The transfer of knowledae to exDerts  and  oDerational track  maintenance Staff.  is tQ 

During the whole  research  activity,  there  were  numerous  contacts  between 
researchers and  workers,  engineers  and  managers  with  a  view to exchanging 
knowledge : 

be oursued  in the future : 

- vis-a-vis SNCF staff:  ergonomic,  sociological  and  psychological  concepts ... ; 
- vis-a-vis  researchers:  knowledge  and  explanations  about  track  maintenance 
activity,  specific  features  about  rallway  workers,  railway  safety  requirements , 
..., 

Those discussions have been  genrally so successful  that  track  maintenance  managers 
wished to extend  co-operation  with  this  research  laboratory to similar  subjects. 

C - CONCLUSION 

When we  began to cooperate  directly  with  external  human and social  researchers we 
were  looking  for  constructwe  results,  but  we  were  not  sure  about the outcome. 

This co-operation-exercize needs to follow the methodology  and to comply with the 
professional  rules  of  conduct  when  preparing  the  research-work  and  subsequently. 
When the outcome is satisfactory,  which  was the case  here,  this  work is quite helpful 
for  several  reasons : 

- suggestions  capable of being  implemented  by the company; 
- transfer of knowledge and  enhanced  skills  through the numerous  consultations 

made  during the research  activity; 
- the  relationship of  trust  established  between  researchers and company's  staff, 

will  be  furthered  thus  enabling  discussions  on  different  projects  and  choosing 
better  options in terms  of  procedures,  documents,  organization, training, 
feedback,  design of  equipment and  tools, .... 

This cooperation-exercize  becomes  easy  and positive because  staff  are  more 
inclined to trust researchers  and  researchers  are  better  acquainted  with railway 
staff  activities. 

D - APPENDICES 

1 "/Four analysis models 
Model of Surry 
Model of Rasmussen 
Model of Hale and  Hale 
Model of Hale  and  Glendon 

27 Scenario  example 
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Four analysls models 
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Decision model of the  accldent process (Surry 1969) 
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FEEDBACK ANALYSIS CF HUMAN ERRORS 
for an unproved nsk-management system. 
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'renc2  Xabonal Rdways 

SUMMARY - 
From  'ime to Eme a rdway accldent  hits The headlines  and  highlights  the need 
for specific preventme measures.  iiowever the  safety of the r d  transport 
system not  only  depends on such  high  profite  events  but also on the  need to 
Integrate  informatlon from past  expenence  as a whole. For several  years, 

assessment of investment's  opuons. A d e t d e d  analysis of 900 cntical  events 
French National Railways (SNCF)  has  focused its attention on global safety and 

indicates  that in 64% of them, human acbons  are  directly  involved.  This  paper 

the  multidisuphary team known as  "the  Center  for  Safety  Studies". 
descnbes  the model of human factors  analysls  and  identifies  the targets set by 

INTRODUCTION 

of n s k  and help to  Integrate  the  requlrements of system  reliability. When 
Human Sciences  contribute  to  the improvement of knowledge in the management 

performance wrll be consistent  and  efficient  but  experience  tends  not  to confirm 
approaching  system-design, an engineer  assumes a priori that human 

such an attitude. 

Three multifactonal  aspects of research  are  relevant to this problem : 

- i d e n ~ y m g   t h e  nsks of behavioral change, 
- detectmg  the  early  slgns of behamoral  change, 
- speclfymg  difficulty-indicators In the hfe of individuals. 

Us ing  this  overall  approach we w d  now descnbe the knowledge of human 
behaviour in order  to improve r d w a y  safety. 

1. L I N K  BETWEEN RELIABILITY AND FEEDBACK  EXPERIENCE 

Traditlonally safe, :he target  has always  been to m a i n t a m  a very high level of 
safety m the  design  and operation of its different  techrucal system.  The initial 
concerns  about  reliabihty  and  safety  techruques  have recently added the 
concepts of system-avdabihty and  mamtamabdity and the emergence of the new 
engmeenng  sclence  concept of "rehabdity".  The development of high-technology 
systems does not  necessary  ensure  overall  system  reliability : even m automated 

reliabrlity  encompasses two  new ideas : 
systems human beings often  have to play a cntical role. So the  concept of 



- It :s not scffic:ent :5 xerely  define tecr.n:cal 3erfnrmance  requlrements; :t is 
necessary :hat :;Ganlsat!onai s x x c x r e s  and iobal systems allow :he 
ieveiopment of lerformance ..unere the manageizent of human bemgs 1s 
mportant, 

- .* _ _  :s :mpormnt t; be aDle t ~ )  speczfy the  impact D f  technical  systems  on  the 
:r',dlvidual psycnopnysioiogicai s:ate 2nd any parccular  effects upon operators 
:n cerram speclflc sltuauons o r  ciunng  certam  acttons. 

I?. the design and teveiopment 3 ZIW cscnnical systems  as in a radway, human 

have greater  expectauons for  mformauon cn human performance  capabihties. 
rehabhty  mcreaslngly becomes a feature of safety  assurance  and  designers WIU 

events  and  near m1sse.s which come up throughout  the network. Detded 
:n consldenng global safety  there is a requirement to collect data on cnbcal 

sxamnauon of those  sltuauons  and  thelr root causes  enable  detaded informahon 
:a be provlded f3r 5 t u r e  ennancemenr a i  systems-rehabllity.  This  structured 
feedbacke a m s  at  : 

. highlightzng the :neffic:encles, dlsruptzons and incompahbilihes cylthin the 
safety  system, 

consequences. 
. formulating  measures Likely t o  avoid such  mudents o r  reduce  their 

In order to  meet ths target, feedback  analysis  should  identify the human 
behavlour  in its specific  radway  envlronment. 

FEEDBACK  NEEDS TO BE BASED ON INFORMATION AND A  PRECISE  ANALYSIS 
OF HUMAN BEHAVIOUR IN  ORDER TO DEFINE WHICH WAY COULD  BE 
FOLLOWED TO IMPROVE SAFETY. 

This is the reason why the C?S has  created a model for  human behavlour 
analysls,  integratmg  special Item such  as  the link between the emergence of 
the  incident  and  the follourlng features: 

- mental sbategies  and  behamour, 
- type and impact of local management, 
- environment ... 

The  mulbfactonal  analysls  used  by  the  Csnter of Safety  Studies is based  upon 
three elements : 

relevant human factors 1ssues , 
- identifying  the  weaknesses in the global safety system and  describing  the 

model of human behavlour 
- analysmg a failure in human performance urlthin the application of an agreed 

factors  approach  descnbed below in more d e t d .  
- listemng to people and  mitzating a dlalogue w i t h  an emphasis on the human 

sclence : 
FMO types of tools  have  been  developed which extensively call upon human 

- a MODEL of human behaviour which provldes a  framework for considering 
human error  analysis, 

- a DATA  BASE whcn highlights nsk factors influencing safety in the broadest 
meanlng of the  word, 
T!?ese tools are vltal to our work. 
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2. HUMAN FACTORS  ANALYSIS  SET-UP 

-I. -..e scheme set up IS a  useful tool  to enable  each of the disclplines  concerned 

system  safety. For example the occupaaonal  physlclan IS often  concerned with : 
f a  opumze human performance :n the worlcpiace and to contnbute to  overail 

- mdlvlduals'  health and Sehavlour derlved f r 3 m  ergonomc  studies, 

- the  appreclabon of fitness  for work and  abihbes  against  given work 
- neath-momtonng ( both physlologlcal and psychological), 

sltuations. 

LTsinq different  but complementary approaches  other members of the team 
(management,  personnel,  educauonal,  heaith  and  safety.. . ) can contribute to  
naking up the  overall  plcture. 

The am IS to  develop : 

. a common approach  and common vocabulary so that  concepts  can be 
meanmgfully exchanged, 
. a  classificabon  (typology) of failure modes in  terms of activities  and  jobs 
. scenanos of events  (fault-tree  analysls  for  example)  to  predict  instances 
where human performance IS likely t o  be cntical. 

The  core of the scheme set  up  focuses on the followmg axis : 

' I  ACTUAL  EVENTS ,/ HUMAN SEINGS I' 

As shown m Diagram 1, the  real Link between events  and human beings In the 
reliability system  can be analysed by means of three  other  axes of analysls : 

1 - FAILURE MODE 

omsslon,  mappropnate  acbon, too late, too quck .  . . 
derived from the  charactensbcs of the  event f o r  example : 

2 - LEVEL OF  FAILURE 

In other words the polnt at  which the  failure  occurs in the infonnabon 
processmg  cham, e . g .  : 

detecbon,  interpretation, declsion malung, motor action. . . 
3 - THE CAUSES  FOR  FAILURE can be classlfled as  : 

- FAILURE MECHANISMS including : 

. failure  due to hablts, 

. lack of ngour,  non-speufic  approaches, 

. msrepresentabon  or mispercepuon;  relevant  lnformation may be perceived  but 
not  taken on board, 
. under-estunated nsk, 
. rule nolation, 
. stereotype  takeover, 
. commumcabons difficulties  or  failure, 
. dxstracaon, 



. ..,@ante proDlems x sustaned  attenhon, 

. : a c ~  of knowieage. 

- t h e  CIRCUMSTANCES OF FAILURE are  threefold : 

. ... = ergonomc  reaulrernents ci :he igorkplace which may be Impaxed - for  
examuie physlologlcai reaulrements in  lnformauon dlsplay ( e . g  sunshme causlng 
glars m the cab J; documentauon,  rext  ana  graphical  systems, cornmurucations, 

workpiace),  plannmg and preparanon f o r  work activibes in order  to optmuze 
. matchmg local organizahon  and technical requxements  (orgarmation of the 

envlronment,  extraneous  distractors,  aggravauon  caused  by  customers  and  the 
. tk2 situaaonal  factors : tlme pressure, physlcal envlronment as nolse, thermal 

soclal environment. . . 

L ^ _  

CAUSES FOR FAILURE 

FAILURE  MECANISMS CIRCUMSTANCES OF FAILURE 

1 HUMAN BEING - ACTUAL  EVENT 
FAILURE MODE 

LEVEL OF FAILURE 

Diagram 1 : HUMAN FACTCR ANALYSIS SET UP 
B y  the  Safety  Center  Studmi of French National Railways 

The  radway  situation  mvolves  potenhal  dangers whch have  a bearing on the 
human behamour model. The  target IS to  articulate : 

- the  different  levels of Informahon processing ( i.e.detection of visual, 
auditory o r  other  slgns,  interpretabon, decision-making and initiating and 
pursumg  the  achon J , 

rule, knowledge)  especially the  proactwe  or  passive  attitude w i t h  regard to the 
- and the railwayman's behaviour in a  worlung situation  (i.e.that means skill, 

ralway system. 
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speclfic skdls. His  response can be immediate wlrhout any  specific analysls of 
- From the detecbon of the above-mentioned signs, the human being applies F 

the  sltuabon, o r  delayed wl th  a  connotabon if , subsequently  another  slgn 1s 
percelved o r  ldenbfied  as a need to act  ~mmedlatly.  The  operator becomes aware 
3f a danger o r  reahzes, consciously o r  not,  that  he  cannot  control  the 
situauon.  This delay Illustrates how indivlduals  avaluate zsks  by  takmg  into 
scccunt elements perceived in the  nearby  envronment  and  Idenbfymg them as a 
change in the  tecnnlcal or  xganlzabonal  system. If  :he danger always 

system-features  such 2s : 
:orresponds to the same pattern,  operators can make use of the  appropnate 

. a  convenbon  matenalized  as  a  physlcal  device  (flashing alarm for ~ an 
immediate danger.. . I ,  

. a  speclfic t ramng to  respond ( nolse of tram approaching  or  track 
vlbratlons.. . ) , 
. o r  a memonzabon of "what-how" or  autobiographic  events which have  led  to 
work difficulties,  lncldents o r  accldents. 

- The  detecbon of one or more signs simultaneously  enables the operator  to 
identify a problem. In that  case,  the mcompatibility or .Jnexpected  sltuation 
must be significant f o r  the radwayman to respond  according  to a reference rule 
situabon.  The man difficulty is to recognize the situation and its characteristic 

situauon , but make hun consider  and  analyse  what  happens  and how to 
elements.  The training must not always  place the operator in a well defined 

appreciate  the  status of the  rdway system. The rule must be  pursued in a 
proper way and with all its steps. 

- If no rule meets the  speclfic  situation,  the knowledge level is involved and 
operators call upon analoglc  and symbohc elements. 

t 

k 

These  three  levels of informabon-processmg  lnvolve the  reliability of human 
behavlour in a different way. The analyses made by  the CES focus  on the need: 

normal or mcldental  sltuatlons, 
. to Identify  the  real  cogmbve  charactenstics  involved f o r  the railwayman m 

strategy of the company. Lack of knowledge 1s Identified  as the problem in 4% 
. to  match the  spontaneous  attitude of the  operator  and the global reliability 

of the  incidents  only,  the m a m  problem is WHEN and HOW to use the knowledge 
and  the "what-how". Xriting new rules is not  the  only way to respond  to 

learrung and traming If the radwayman does not  understand  the target, i.e the 
techrucal strams or orgaruzatlonal factors. It will be impossible to  fully improve 

me-g of lus work or  the consequence of his non-acting upon the system. 

By definition,  the  apphcabon of a rule is fixed,  and  even if the specificity of a 

mental investment,  forgetting WHY he is domg THIS . . . and the human b m g  
sltuation suts the condition of use,  the  operator  reduces his cognitive  and 

spontaneously follows an  easy way, this  spontaneous  attitude,  consciously  and 
not,  decreases  or elirmnates some steps. The  complexity and  to a certain extent 

preasely,  the  reahty of the  safety  and  rehability  railway  system is built upon 
the rnherent reliability of the radway  system make this gap  unnoticed. But 

these  elementary  acts  integrated in rules  and skills. The problem is now to 
validate  the lmportance of this  for  operators  and managers and to define a 
speufic  control  upon it. 



In o r  der 
natural way. In classical terms,  a good worker 1s the one  who has known h ~ s  

to apply a sM, people unconsclously use the  easy route which is the 

xork f o r  a  long time. Sometmes,  thls  fact  hldes an impoverished  situation : 
asmg  preferentlally  the same SKIU or  applying  the same rule, the sltuatlon IS 
not  2xactly :he reference  one, s o  the operator  has  lost  his  diagnosixs 
capab&tles  and  detecbon atbtude  and he IS unable to  apply the  theoretlcal  rule 
2nd takes  a more appropnate  atatude. 

The rramng should “ot only  Se geared  to  the  heavy  rules o r  the  acadent 

actlons they have to fulfill. 
sltuatlons, I t  should descnhe and make workers  respond to the d d y  elementary 

state. If the  worker  uses It In an autornatlc way, the  rehability level of the 
To be efficlent,  a skill must be  perfectly  adapted to the sltuation and system 

system  decreases. 

3. ORIGINALITY OF SUCH AN APPROACH 

Thls model of human factors  analysis IS the framework f o r  a DATA BASE whch 
has Seen  created to detect  and to highlight n s k  factors.  Taking an overall 
feedback  approach  (technical,  organlzahonal.. . I ,  this human factors model 1s 
linked mth other factors  such  as scale of seventy,  danger  and  acadent- 
scenanos. Its applicabdity is flustrated  by the possibility  to focus quickly  and 

items at  different  steps of its clrcle  life. 
effiuently upon the r d w a y  system  and put an emphasis on the analysis of some 

functions within the organizatlon : 
The onginali ty of tlus approach  hinges  upon  the  integration of different 

. the team of CES speclalists  has developped their knowledge and understanding 
of human factors, 

. the company has  hlghlighted its weaknesses in terms of human behaviour  and 
overall  system-reliabhty, 

. the  technical  departments  have  increased the efficiency of their projects  by 
reflecting nabonculde targets Into thelr  requirements, 

. tramors  are able to  incorporate this new mformation  into thw educational 
strategy. 

4. PRACTICAL PERSPECTIVES 

An integrated  approach to prevention  spans the whole entreprise. 

Human reliability developments in the parixuiar context of a rail system are 
focused  on practical  pomts : 

A better  understanding of human performance enhances operator’s ampetence, 
helps to maintain human performance-levels, especially in emergency situations. 

In  lncldent  and  accident  scenanos, we have noticed an important  gap between 
the  theoncal  and  actual  cognlhve  level of information processing. 



~ h l s  2ap :s very  frequent and rmcerns a lot of actwlhes : m most cases, 
operaTors use  rule  atatude In wnch :he effect of d a y  work has  lessened the r 

This qap also  depends on the  actrnty, fo r  example : 
levei 3f rehabllity. f 

:he electric signalling mamtenance operators do  not  apply  the skill descnbea In 

a KncwIedge based Ievei whxh  czr2aSeS :he System reliabhty. Human factors 
zrocedures, :n spite of recent mod:ficatlons, and  stay  at a  rule-based  level or 

snalysls 1s 17eq  helpful to  understand  “why ? I’ and How to rectify  that ? ‘ I .  

MANAGEMENT 

Such :nformaDon is applied by managers  to  adapt  their d d y  management- 
apprcach  and  prevent  such  behamour  devlatlon. 

insuf2cient. The preventlve  solunons  tend to  focus too  much upon speufic 
The  xnderstanding by managers of the global safety system appears 

2omts  rather  than  towards a  system approach. 

The  managers do not lay sufficienr  emphasls on the sigruficance of the simple 
3 d y  attitudes  and nunmu7.e t h e r  relevance during  the morutonng. 

i 

TRAINING 

At the same time, the kainors must demonstrate the importance of each simple 
action mthin safety tasks. A national study is conducted  to  identify the 
assessment of each kind of pnmary  and  other training upon individual  safety 
management. One objectlve of ths analysis 1s to  speufy  the  type of memory 
and  information-processing  pattern  used  by  operators  for decision-making in 
real  situatlons . 

DESIGN AND ERGONOMICS 

An awareness of near misses and incidents is developped in order  to  specify the 
design, development of implementatlon and  the  operability of new systems,  and 
to  create  adapted  gudelines  for  feedback  integrating all the useful details. 

SAFETY LEVEL ASSESSMENT  PREDICTIONS 

factors,  managers, t r ane r s ,  and users  has showned the  difficulties  faced  by 
By t!!s feedback analysis, an :mproved dialogue  between  specialists of human 

rdwaymen.  In that way, it 1s posslble to antidpate the identification of 
weaknesses and to develop  a prevenuon-policy. 

. 
INVESTMENT  DECISIONS 

Risk  prevention requres  mvestment to be made m the technical and fonctionnal 
system,  traming  and  speclfic management of human beings, while considering 
the most effiuent impact upon global r d w a y  system. 

Therefore,  the  statistic  feedback mformation is connected to  the qualitative 
assessment of human behamour and its consequences upon the railway cycle 
life ~ 



QUANTIFICATION 

The Fluman Factors  analysls  set-up g~ves   us  a possxble quantificabon of the 
impact of human  behamour upon the  safety of the railway system  and I t  :s 
3tud;ed by  the CES ~n con]unchon w t h  RATP, as It will be  explained rn a next 
2aper. 

CONCLUSIONS 
P 

B y  I:S invesbgahon of human behamour, the Center  for Safety Studies IS 
developing, on behalf of SNCF,  a core of expertise  and  an  umque knowledge 
base ~n the  areas of human reliabfity and safety. 

The detailed  analysis  conducted on the   bass  of the human behamour model 
promdes  guidelines  for  prevenbon and safety  prioritization  purposes. 

Increasingly, this data  indicates  performance  shaping  factors in the railway 
environment and facilitates other  studies  such as risk perception  by individuals. 

increasingly developped in the  near  future as well as the cooperation between 
The  quantitabve  assessment of r d w a y  performance  shaping  factors should be 

engineers,  techmcians,  ergonomsts,  occupational  physicians  and  other 

plans. 
speaalists In order to Identify problems early and to improve risk-management 
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International  Railway  Safety  Conference.  Anrren  1993 

S-Y MANAGEMENT TRAINING 

Paper by David  Maidment.  Head  of Safety Poiicv  Unit 

British  Rail. 

Introduction  and Background 

Until 1990, most BR safety  training  was  skill-based or vocational  and 
allied to  the  specific  tasks  to  be  done, or to  rules/technical  standards 
that  the "trainee" was required to understand  and  implement. 

Following the  Clapham  accident,  BR  commissioned  the Du Pont  organisation to 
review  its  Safety  Management  Systems and one of  the  key  recommendations 
adopted by the Board was a formal and  comprehenslve  programme  of  safety 
management  training  for  all  management  and  supervisory staff. 

Training Content Philosophy 

The  recommendations  made  and t h e  training courses developed  were  based  on a 
number of key principles: 

1. Employee and Passenger/Product  safety were based on acquiring 

2. Managing  safety  was a basic role of management, and  should b e  

similar  attitudes  and  behavlour, and should  be  addressed together.  

Integrated with other key commitments of managing  finance,  quality 
etc 

3. Safety  Management  was  process and not  rule-based. 

1. Good safety was grounded in competent  and  proactlve  management 
creating the  systems and environment in  which operations  could  be 
safely carrled out. 

- 
3. British  Rail needed to  develop  a new safety  management  culture. 

Subsequent  developments In Safety  Management  on BR have  highlighted  the 
core  beliefs  that the systems should  be  "risk-based''  (identlfication, 

people-orientated (attitudes, involvement,  responsibilities,  motlvation  and 
analysls  and  evaluation,  reduced,  controlled,  monitored)  and 

reward). 

Development  of BR Safety  Management  Training 

Initially,  the  Safety  Directorate  called  a  conference of business and 
functional  representatlves  to  identify  safety  training  needs,  and,  after 
establishing  what was already  available, or could  be  built on, established 
priorities. 

r 
! 



The  prlnciple  adopted  at the J u n e  1990 Conference  was  that  "core"  safety 
management  courses should  be  developed  for  Strateglc  Management,  Executive 
Line  Management  (down  to  supervisory  level), w l th  subject  varlants to 
ensure relevance  to  partlcipants.  These  courses  would  be  mandatory,  with 
optlonal  speclallst  modules  available  for  deteloplng  further  safety 
management skllls. 

Documentation of some of the BR Safety  Traming  policy  development is 
a t tached:  

Notes of the 1990 safety  management  tralnlng  conference. 

Extract  from BR's formal  "Safety  Management  Programme"  initiated in 
July  1990,  incorporating the  first safety  training  proposals. 

developed by the  Safety  Directorate, as presented to the  UIC "Ad 
Description of some of the  key "core"  and  "module"  training  courses 

Hoc"  Group on Occupational  Health  and  Safety  following  their June 
1993  meeting. 

Delivery of t h e  Programme 

After  development, t h e  Safety  Dlrectorate  made the courses  available  for 

specialists,  or  traming/safety  consultants,  as  appropriate. 
delivery by the Buslnesses, using  In-house t ramng  s ta f f ,   sa fe ty  

The  Safety  Directorate Itself retamed  dehvery, In conjunction  with 
consultants, of the  Strateglc  Safety  Management  Course, as the  
accreditation of top  management  teams  became  a  mandatory element of BR's 
safety  validatlon  process  apphcable  to  all new organisational  proposals, 
before  implementation.  Accreditation Involved assessment by the  course 
tutors,  and  an  examinatlon.  Some 800 senlor  managers,  right up to  Board 
level,  have  obtalned the  Certif lcate of Accreditation. 

The  Course IS now belng  reviewed  in the light of safety  management 
developments  over the last  two  years,  the  requirements of  privatisation, 

crltlcal staff  through  the  "Yatlonal  Council  for  Vocational  Qualifications" 
and   t he  policy  of  developlng  training  "competencies" for all  safety 

(XCVQ) body. The key units essentlal  to  acquire  the  necessary  competency 
are outlined in the  attached  draft  document. For managers  with  safety 
duties  and/or  responsibillties,  competence  w~ll  have  to  be  demonstrated in 
t h e  approprlate work envlronment. a s  well as on the  course. 

The  "Foundatlon"  Safety  Management  Course  has  also  been  updated  to 
incorporate  some of t h e  elements of safety  audit, loss control and  risk 
management  that   are now core  to t h e  business.  This has  been  undertaken by 
one  of the Passenger  Businesses  (Network SouthEast), and  made  available to 
all BR management  staff. 

Conclusion 

T h e  BR Board,  through  the  Safety  Directorate  and  Training  organisation,  in 
collaboration  with t h e  businesses,  keeps  the  programme  continually  under 
review.  Other courses, suitable  for  particular  groups of s ta f f ,  or to meet 
specif ic  needs, (eg new  legislation)  on  a  temporary  basis, are developed  by 
t h e  Businesses, as  appropriate,  with  specialist  safety  advice. 

DJM270993/fcp/2 



Front line employees - tracksldc  staff,  signalmen. dr1~el-s. etc - receive 
bocarional skill training, h h i c h  1s being developed as parr of the NCVQ 
(competencies)  programme. However, most Importantly, Issues of  involvement 
and  culture  are  being  addressed through  the  policy of involving &I BR 
s ta f f  In regular  (usually  monthl))  safety  meetings ha cascade of meetings 

employees). 
of manager  plus  direct  reports, lncludlng group  supervisors  and  workface 

rnaterlal for next  year's  safety  meetings,  addressmg in sultable  form, BR's 
.A programme of b ldeos 1s nom under  de\eloprnent  to use as the "core" 

assoclatlon  wlth  the  Safety  Directorate's "Human Factors"  expertise and the 
understanding of risk and human error. Thls I S  belng  prepared in close 

presentational  skills of the firm tha t  developed Shell International's 
Unlversity of Manchester  (Professor  Jim  Reason)  using  the  video 

safety  training,  founded on t h e  same  safety  philosophy. 

D J Maidment 
Head of Safetv  Policv U n i t  

September  1993 

i 
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e I SAFETY MANAGEMENT PROGRAMME 
TRAINING STRATEGY 

Introduction 
The  Tralnmg  Strategy  Conference (1 4/15 June 1990) was  held to address 
the  Issues  of  safety  management  trarnlng  Prlnclpal  conslderatlons  were: 

2 The need for  safety tralnlng  for  all BR staff  ldentrfled by varrous reports 

i The  need to produce  a structured programme to avold  a  fragmented 
approach. 

Representattves  from Reglons and Functions attended the conference and 
opnons were  sought  from H.Q. organtsatlons prlor to the conference 
taking place. 

The following safety  tralnlng  needs  have  been  defmed. 

3 A Core Safety  Management  Training Programme 

Th~s programme would be for  all  management  staff and should also be 
used as  part of the lnductlon course for new members of management 
and supervlsory  grades. 

;3 Core Variants 

A  serles  of  modlflcatlons to the core. customlsmg It to meet  the needs 
of speclflc  categorles  of  management. 

i A “Safety  Professionals”  Training  Programme 

Deslgned  speclflcally to reach  necessary  levels of expertlse It will use. as 
far as  posslble.  recognlsed  external  tralnlng to qual~frcatlon/certlficatlon. 
These  speclalrsts w~ll need  the Core programme for  llne  management so 
that  they  are  aware to the attltude/cultural ISSUSS Involved. 

i Specialist  Safety  Training Modules 

These w~ll cover  speclflc  areas of expertlse and  w~ll  be addltlonal 
programmes to the Core for  lndwldual  staff when appropnate. 

A Project  Team IS belng  set up  wlth the  productron of the Core programme 
as Its flrst  pnonty.  followed by flve  modules (Hazard Identifcatlon. 
Emergency  Procedures,  Audit. Communlcatlons - safety  brleflng and 
Accldent Investlgatlon,  reportmg and analysls). 

The Prop3 Team  wdl need to take Into account safety ntlatlves under way, 
the avadabhty  of  exlstlng  materlals and the lhkely numbers requlrlng the 
dlfferent  programmes. 

Safety 



e I SAFETY MANAGEMENT PROGRAMME 

1' 

TRAINING STRATEGY 
Prospectus 
. Core  Safety  Management  Programme 

Attitude/culfure  change 
Personal  safety  responsiblllties 
Establlshlng  standards 
Health and Safety  leglslatlon 
Enforcement  agencles 
Introductron/overview of modules 

Core Variants 

Llne  managers and supemsors 
Office  staff 
Bulldmg  management 
Desrgn/prolect managenent 
Support functions (Busmess,  Finance.  Personnel) 
Road  transport  management 
Caterlng  management 
International  management 

Safety  Professionals 

External  courses  available 

Specialist  Modules 

Hazard  Idemitca:lon 
Emergency procedure and mlshap  management 
Audlt 

ISRS audit system 
ISRS appreclatlon 

Cornmunlcatlons - safety  brlefmg 
Union Iiaisonmachlnery 
Organsation - roles ana structure for safety  management 
Manaement  of contractc-s and suppllers 
Rtsk assessment  techn Ides 
Accident  lnvestlgatlon - reportlng and analysls 
Safety  system  analysis  Including  ]ob  task  analysls 

Safety  of  thlrd  parties 
Flre tranng 

Coplng with confllct and  assault 
Track safety 
New  legislation (as appropnate) 

* 
Safety 



e I SAFETY MANAGEMENT PROGRAMME 
1. Strategic Safety Management Course 

Introduction 
Thls key course IS deslgned to equlp  Senlor  Managers wlth the 
knowledge necessary for  them  to fulfil successfully their safety 
responslbillties. 

Who Should Attend? 
Attendance on this Course IS by invitation from the Director, Safety 
In accordance with the  Board's  policies. It wdl normally include 
Headquarters Business Directors, Profit Centre Directors. their 
mnedlate reportmg responses and other speclfied Senlor Managers. 
It is essential that those  attending should have  strategic, rather than 
tactical safety  responslbilitles. 

Aims 
The course has been deslgned to: 

3 Provide full awareness for Senlor  Managers  of BR safety 
expectations 

3 Supply the  necessary  background  knowledge to asslst Managers in 
carrymg out their  safety  responsibilities 

2 Give an opportunlty for Managers to practise the skills necessary to 
fulfil thew safety role  successfully 

3 Farnlliarlse Managers with  the Foundatlon Course in  Safety 
Management 

Safety 



I SAFETY MANAGEMENT PROGRAMME 

Objectives 
A i  the end of the  course  Managers wlll be  able  to: 

3 Llst thelr safety responsibilltles 

0 List the resources they requlre to  meet  their  safety responslbilities 

Ll State BR's definition of safety 

0 State BR's view on senior  management's responsibilities In safety 

0 Describe the principles of  Safety  management 

0 Llst those aspects of BR's busmess  for which they have safety 
responslbility 

, C l  Descrlbe In quantltlve terms what BR IS trylng to achleve In safety 

, E l  Translate qualitative safety goals Into  quantitatlve  oblectrves 

0 Llst the main items of  safety law applying to BR 

ZI Descrlbe the mam sources of BR safety  standards 

0 Describe the prlnclples of hazard control 

0 Llst the main stages in a hazard identification inspectlon 

2 Descrlbe the prmciples of safety monltorlng and the role of outcome 
data 

Q Describe the prlnclples of management  and  safety  audrtmg 

Q Descgn a relevant segment of a management  audit 

0 Describe the mam stages In management and safety audltlng 
procedures 

Cl Descrlbe  the role of audltlng In the monttorlng procedure 

0 List the main features of an  adequate  safety pollcy 

Q Deslgn strategies and tactlcs  for  achlevrng relevant safety oblectlves 

il Descrlbe the safety monltoring data  avallable  In BR and the uses to 
whlch they are put 

ii 

i 
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I SAFETY MANAGEMENT PROGRAMME 

Method 
The course IS based around group and syndcate work. Delegates w~ll  be 
expected to complete  a workbook and take an exammation. 

Expert  assessment will be carrled out over  the full perlod of the course and 
delegates w~ll  need  a pass in each aspect to achleve  certlfrcatlon. 

Training  Period  and  Venue 
This is a 3 day resldential course. It will normally be held at  a quality hotel 
In the home countles. 

Pre-Course  Preparation 
Delegates  should establish thelr preclse responstbllitles for safety before 
jolnlng the course 

Course  Arrangements 
This course IS centrally funded and IS admcnlstered by the  Dlrector,  Safety. 
A senlor  member of the Safety Department will be In attendance, both to 
provlde  Input and obtain feedback. A Course  Manager w~ l l  also attend to 
look  after  the admlnistratwe requlrements. 

Safety 
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I SAFETY MANAGEMENT PROGRAMME 
2. Foundation  Course in Safety  Management 

Introduction 
Th~s Course IS the foundatlon  on whlch the knowledge of  safety 
management w~ l l  be  bulk 

A serles of supplementary 'modules" w~l l  be developed In support of thrs 
course. These will cover speclalist activitles or responslbilities or will 
provlde more detad and information on subjects Introduced In the 
Foundation Course. 

Who Should  Attend 
The Course is designed for all Managers and Supervlsors wtth line 
responslbilities for safety In  the workplace which could Involve staff, 
customers, publc. premises. equlpment and systems of work. 

Busmess, Profit Centre, Corporate and Central Services Managers are 
responslble  for definmg whch Individuals should attend. This should be 
structured over a flve year perlod on the prlnciple that Managers attend 
before their subordinates. 

It IS intended to develop variants of thls Course for  specific  disclplines. 
Those  variants ldentlfled are outimed in the  Tralnrng  Strategy, Sectlon 'H' 
of  the  Safety Management Programme. Managers should identify 
whether  the  Foundatron  Course or a variant IS appropriate  for thelr staff, 
seeking advice from the Director, Safety's trainmg  team as necessary. 

Aims 
The course has been deslgned. 

i To Introduce attendees to the renewed commitment to safety within 
BR 

- 
-1 To provlde attendees wtth the knowledge necessary to ldentlfy and 

meet their safety responslbillties 

3 To help attendees appreclate that safety IS Integral to all that  they do 

J To  make everyone aware  that there are effectwe means of managlng 
- 

safety 

Safety 



I SAFETY MANAGEMENT PROGRAMME 

Objectives 
AI the  end of  this Course Managers and Supervlsors wlll 

2 Be able  to 1st the range and partlculars of thelr safety responslbilities 
and Identify the resources necessary to meet  them 

2 Be aware of the range and nature of leglslative and BR standards and 
ldenttfy  the requirements relevant to their own safety responsrbilities 

2 Be famlliar  wlth  a range of common hazards and have increased their 
abillty to identify new and uncommon hazards 

5 Understand the techniques of assessing and managing risks, and the 
importance of selectmg appropriate control measures 

- 
-1 Be aware of the Importance of monitormg and the mam monitoring 

technlques 
- 
-I Be able to meet thelr safety  responsibllrtles In a cost effectwe 

manner, Integrated Into  therr  many and diverse daily tasks 

Methods 
The course Involves  a  study by partlapants of the  safety standards within 
thelr own area of responslblllty, together wlth course work, completlon of 
a workbook and a formal written examtnatlon. 

Assessment w~l l  be carried out and rt will be necessary to achieve an 
approprlate standard In each course aspect In order to recelve 
certlflcatron. 

Training  Period and Venue 
The Course conslsts of 2 single  days separated by approxlmately 6 
weeks durlng whtch time some 18 hours of workplace study and 
apphcatlon will be  requlred In the delegate's own envlronment. It IS 

essenttal.  therefore. that tlme IS made avallable by the  participant's 
Immediate Manager. 

The Grove Management Centre w~ll  admlnlster the  Course which wdl be 
held at quality hotels around the UK. 

* 
Safety 



I SAFETY MANAGEMENT PROGRAMME 

0 

Pre Course Preparation and  Post  Course follow up 
Consderable ernphasls 1s placed on both  these aspects. 

Pre-Course ~ A full  dlscusslon  between  candidate  and  lmmedlate 
Manager to agree  the  scope and partlculars of the  mdrvtdual's 
responslblllties. 

Post-Course - The  Manager will agree  a  personal  action plan with  the 
successful  partlcipant, based on their  agreed  responsibilities  and the 
skills  and  knowledge  gained on the  course. 

Course Arrangements 
Appllcatlons  should  be  made  to  The  Grove. 

The  costs  of  the  development  of  the  course have been  borne  centrally  by 
the Board  but  the  running  costs.  Including  release  costs  and  payments  to 
The  Grove,  are  the  responsrbdlty of applicants.  They  are,  however, 
recognised  as  part of the  safety  expenditure of functionshusinesses and, 
as such,  any  expenditure Incurred rn attendance  at  thls  Course  should be 
submltted  to  the  Safety  Panel  through the normal  submtssion 
procedures. 

* 
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I SAFETY MANAGEMENT PROGRAMME 
3.1 Hazard Management Course 

Introduction 
Thls  Course IS one of a  sertes of supplementary 'modules' prepared In 
support of the Foundatron  Course in  Safety Management. It provides 
detalled  informatron on one specffrc toplc. 

Who Should  Attend 
The  Foundatlon Course provides a grounding in hazard management 
(1.e. of both unsafe acts and unsafe conditions)  and Managers should 
determine whether it is appropriate to supplement the basic training given 
to Managers and Supervlsors rn the Foundatlon Course,  with  this  more 
comprehenslve  module. 

The  module IS perhaps approprlate to the  more senfor members of the 
local  management  untt wlth defmed areas of  control. Those Managers 
who  are requrred to Inspect  workplaces on a regular bass wlth a  view to 
Identrfytng, correcttng and controllmg unsafe  acts and condrtlons,  or local 
Safety  Advisors,  would  benefit from attendance. 

Aim 
Thls  Course has been desrgned to prepare attendees to manage hazards 
effectively. 

Objectives 
At the  end  of  thrs Course,  Managers WIII: 

3 Be  able to ldentlfy the hazards whtch exist in the  workplaces  under 

" 

thelr control 

i Have learnt and practlsed different methods of  rdentlfying various 

hazards 

3 Have developed the  necessary technrques to manage and control 
hazards 

3 Understand the causes of hazards - in partlcular the relationship 
between unsafe conditlons and unsafe acts 

Ei Understand how to eliminate hazards from the workplace and all its 
systems 

* 
Safety 



I SAFETY MANAGEMENT PROGRAMME 

Method 
The Course IS based  around  vlslts to typlcai BR workplaces supported by 
syndlcate work  and  completlon of a  workbook.  Flnal  workplace 
assessment.  however, w~ll be  undertaken on an  mdrvidual b a s s  

Throughout the Course  attendees w~ll  be under the control of tutors and 
escorts. (Note whllst  on  workplace  vlslts full lnteractlon is encouraged 
wlth the workplace staff, but not at the expense of safety or productivity) 

The Course is completed  by  a  half hour written  examination. 

Assessment throughout  the  Course,  together  with  the successful 
cornpletlon of  syndlcate  work, the workbook and the  examlnatlon, will 
result  In  certlflcatlon. 

Training  Period  and  Venue 
Thls IS a 2 day Course, split between workplace  vlsits and course work In 
suttable adjacent trainlng  accommodation The Courses will be mounted 
In approprlate locations throughout  the UK. 

As detalied rn the introductlon. this Course  supplements the Foundation 
Course In Safety Management.  Candidates  should,  therefore, have 
prevtously attended the Foundatton  Course. 

Post Course Follow-Up 
For this course an  assessment form has been prepared  tor both  the 
candidate and the  nominating  Manager. 

Thls should be completed to ensure  that  the  Course  meets the needs of 
the user and also retam Its audltable  status. 

Course  Arrangements 
Untll the middle of 1991 the  Course WIII be admlnlstered  by the Director, 
Safety. After that  tlme. it wlli be managed  by The Grove and applications 
should be made to the  Management  Tralnlng  Centre. 

The costs of the development of the Course have been borne centrally 
but the costs of  any resldentlal  accommodation,  payments to The Grove 
and release costs are the responslbllity of delegates.  They are, however, 
recognised as part of the safety expenditure of functionshusinesses and, 
as such, any expenditure incurred should be submitted to the Safety 
Panel through the  normal  submisslon  procedures. 
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The  paper will be presented by S a r a h  Tozer,  Fzqonanist 
in the Human Factors Research Department  and  David 
Wharton-Street, Human Factors  Adviser m British Rail's 
Safety  Pollcy  Unrt. 

The  Paper 1s based on research sponsored  by  Britlsh 
Rail w i t h  Professor ~eascm in  the  Department  of 
Psycholosy - University of  Manchester. 

The  concept m the Paper  addresses  organisational 
safety health In a Rarlway  envnmnment by identifying 
ptentlal  active and latent  failures prior to a 
damaging  event.  This  is  achieved  by  the use of a 
pro-active  measuring  system  involving  safety  critlcal 
staff, supervisors and managers. 

The  measuTing  system encanpasses organisational 
pathugens and core processes expressed as sixteen 
Railway  Problem  Factors. 



lxnaYEncN 

m e  Railway  systems  zn  Brltaln  suffered tm m)or mcldents m 

heavlly used sectlcn  of  rallway neK to London's -them 
the 1980 ' s .  The Clapham tram crash involved three trams cn a 

texnud. Ihe  cause was a bare  wire m an electrical  clrcult 
controlling the oolcur aspect  of a signal. Ihe slgnal dlsplayed 
a 'm-side' failure  (ie green aspect when It should have 
dlsplayed  'red') and as a result, a heavlly-loaded  camruter tram 
ran Into  the rear of another tram.  mlrty flve  people  were 
kllled and 484 Injured. 

?he kngs  Cross accident cccurred on the London underground when 
an acdation of debrls underneath an escalator  caught  fire 
fran the  careless drqping of  lighted smkers mterial. ?he 
resultant  fire swept thrmgh the anfined spaces of udeqx-und 
escalators and ticket hall killing 31 -le. 

The  British Goverrrment instigated  formal  investigations in both 

Chief  Justice in charge.  ?he  remrmendations  are named after the 
instances and a list  of  reamendations was published by the 

Chlef  Justlces - 'Hidden'  for  the  Clapham tram crash and 
'Fennel'  for  the Kings Cross Fire. 

?he Clapham and f f ing's Cross lnqulries revded that  rallway 
accldents can have long hlstorles. They m y  be In  the  rraklng for 
years, even decades. T h e  wlring enmr and the dropping  of 
llghted d e r ' s  material  were  the  final  links  in a 1m-q chain  of 
events  mvolvlng  the  lnsldlous  acclmarlatron of latent  €allures 
_wlthm  these tm rallway  systems. As such, they  were both 
organlsatlonal  accidents, each involving contributions fran many 
parts of the  total  system. - to all -lex, well-defended and ptentlally hazKdous 
Latent  figures  are  not  unlque to railway operations. They  are 

systems  and  played an equally  slgnlficant  part In other 
lnternatianal incidents:- 

- the  nuclear ermsslons at ?hree Mile ~sland and Chemobyl, 

- the  slnking  of  the  Channel  ferry of zeebrugge. 

- the chemcal  release  at Bhopal in  Indla. 

- the exploslcn and dislntegraticn of the US Challenger 
med rccket and spacecraft. 

- the  explosion on the ~ r t h  Sea oil rlg 'Piper Mm'. 

the  active  failures  of  those  at  the sharp end. ?he  spotlight was 
In  the  past,  railway  accident  investigations tended to  focus u p  

upxl  the  errors and violations  mrmitted  by  drivers,  shunters, 

unsafe  acts  usually had an M a t e  adverse  impact q an  safety 
track wrkers and others in direct  amtact  with hazards. W e  

and were the direct  causes  of any acci-t. Rerrrdial efforts 
were  then  directed  at  preventing  the  recurrence  of  these 
partxu.lar  actlons  through  enqlneered  safety measures, amerdmnts 
to the Rule Ecck and other ccntaiment measures. 
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The  organlsatuxal  accldents  of  the 1980s have  taught us that the 
people  at  the sharp end are  nure  often  the  rnherltors  rather than the 

of the railways thrmgh the 1990s and beyond, we nust develop  effective 
instigators of accldents. If we are to contlnue ~"provlng the  safety 

techniques  for  identifying and eliminating  latent h m  failures  before 
they  contribute to accldents.  %is means taking regular measurements 
of the organlsatlcn's "vltal slgns". MEW offers a cawenlent and 
practical  way  of making these "health checks". 

WHAT IS REvlEw 

has t w  rain cmpnents. 
A principled  way of thinking about  accident  causation and about 
the nature of safety that leads to the  setting of achievable 
lcng-term safety gcnls. 

A set of diagrwstic instnmmts for making visible, within a 
particular  railway  activity, #e organisaticnal and situaticnal 
factors  that lead to unsafe  acts and accidents. 

asms that the  prlncipl focus of  future  safety mmagemnt 
should be the h m  factor. H- decisions and actim play the 

malevolence or incapetence,  merely  of opp3rtmlty. %e  railway  system 
leading d e  in  nearly all accidents.  ?his is not a questicn of 

is  designed,  constructed,  operated and mintained by people. 

Crttlrq  thlngs  wrong 1s an mesapable part of the h m  condition. We 

same is also true  for  the hazards inherent  ln  rallway  operations. 
can derate h- error but we can never  ellminate It cunpletely.  ?he 

Human flesh  will  always m w t  worst in oontact w ~ t h  heavy metal. 
This means that we will  never  achieve  absolute  safety.  Ihe  only 
attainable p a l  is  to  make  the  system as a whole as "healthy" as 
pslble . 
What does it mean for a system to be "healthy"? It means being 
lntrlnsically  resistant  to  the accident-producing factors  that are an 

Flgure 1. 
Inevitable part of rallway  operati-. ?his Idea is  illustrated  in 

.- 
Perturbations due to 

accident-causing factors 

e 
Average 
system 



Consider a ball-bearing l y l n g  cn a mlled steel block. In the tcp 
plcture (see Figure 1 ), It Mxlld require only a d l  dlsturbmce (fran 
the accrdent-causlng factors) to p~4-1 it over the  edge. In the nuddle 
pzcture, W i n g  an average system, the ball has further  to go before 

offered, slnce it lies on a rectangular block. M y  In  the lcwr 
It reaches the edge, but there is still l i t t le  or m resistance 

varicus perturbatians. 'RJ get the ball over edge requires  a mrch 
plcture does the system as a *le have lntrlnsrc  reslstance to the 

greater force due to the upJard sloping surfaces.  Notlce, hcwever, 

resistant systems do not psess total immmlty to accldents. 
that It IS st111 psslble for It to be  pushed over the edge. Even 

Accidents, by definition, are  uncontrollable. To3 many of the causal 

and sod's L a w  all play a major part in  any system breakdcwn. 
factors lie outside the contml of the system - g a s .  Chance, Mrrphy 

EEVIIW asslanes that the d y  attainable goal i n  safety mnapnent is 
to achieve the maxinann int r insic  resistance to accident-causing factors 
a d  then to sustain it. Safe ty  management is thus -valent to 
maintaining a continuxls f1t.n-s p rcg rm.  It shculd not be, as it is 
In many organisaticms, a klnd of reversed prcduction  process that 
strives to bring  the  accident figures dum to sane acceptable w e t  
level. 

critically upm having the right infomticn at the right tm. But 
Safety is a manag-t problem. Any kind of  mnagement depends 

operatlons, tcgether w ~ t h  me mplementatlm cf m y  "good safety 
the many defences that have  evolved  over the long history of  railway 

out- data (derived fran accldents, incldents, etc.) are too sparse, 
practices", have brwght Bltish Rail to the p l n t  where negative 

management.  Railway rranagement have  tended to react to accidents, not 
tm late and tm statistlcally unreliable to supprt  effective safety 

to  Identify  psslble causes In advance  of incldents. 

REvlEw 1s a "health" mltoring t-1 that explolts the psitive 
rather than the negatlve  aspects of safety. I t  focuses upon a 
particular  actlvity ( i . e . ,  shunting,  track mxntenance, drivmng, 

reslstance to canbinatlons of fallible declslcxls, unsafe acts and 
slgnalling, etc.) and generates praactlve measures of its intrinsic 

breached defences. ?he problems so identified then kecune the targets 
for  &late mprovement. In this way, ldted resources axe  deployed 
In the m t  effectlve m e r .  

1s not safety "add on". It  is not Just a safety management 

part of any railway  rranager's essential tool bag. 
tal. It samples many aspts of system q u a l l t y .  As such, it forms 

REVW does mt replace existing safety measures. It is desigmd to 
sqplenent rather than supplant thm. Indeed, a prerequisite for its 
applicatim is that these "qd practices" such as a Safety hnagment 
system and Safety Meetings w i t h  Staff are a l r d y  i n  place. 



wlthln  British Rarl specrfically  for BR activitres by a research group 
RMIEW is  not  another  bought-in  safety  padcage. It has been created 

and the  Department of Psychology,  University of Manchester. 
fran the Human Factors Team m Director Safety  and BR Research,  Derby 

depends  critlcally upn the  !amledge a d  evperlence of those who rn 

IlEvw is both built a d  wed by thase wfio use  It. 
run the railways. It 1s a tottan-up  rather than a topdam devrce. 

-REVlEw 

w. It also explains  the  principles  urderlylng  these 
?his section  describes  the  measuring and targetrng  functrons of 

mafllrements. 
REvw'SADS- ' I l iE16FUEWZ4Y~FM2lTRS 

REVW is  designed to provide "soft"  quantificaticn of the extent to 
which 16 Railway  h-oblan  Factors (RPFs) have an adverse  impact 

of  railway  personnel  to  list  the human factors problems associated  with 
railway  activities.  ?he FPFs were identified  by  asking a wide  variety 

functioning.  'Ihe  selected RPFs represent  the rrost frequently  cited 
the  Design, Bulld, Operate and mintain  aspects of railway 

activities. mese factors  are  listed below: 
prcblem types. As such, they can be regarded as generlc to all railway 

Tmls and quipnent 
Materrals 
SuperVlSlon 
Working  envircwnent 
Staff  attrtudes 

Contractors 
Hausekeeping 

-1gn 
Staff ccmmnlcaticn 
Departmental camrunicatrcn 
Staffing and rostering 
Trarning 
Plannlng 

Managerrent 
Rules 

Maintenance 

* (  Itemised descriptim of these WFs are  given  ln  Appendix I. ) 

MTA HAMlLzElG AND -AATIfX 

In order  for  these data to reach the  right  people  In an easlly 
interpretable  form, It is necessary  that  should be able to 
provide  selected  safety  indicators  (profiles),  brdten down in a variety 
of ways: 

- by  grade of assessor (i.e.,  supervisory or managerial) 
- by functions and activities  (i.e.,  signalling, shunting etc.) 
- by  Railway areas (i.e.,ancaster,Newcastle,B%nhxqh 
- by business  units  (i.e.,  East  Coast  Main  Line) 

, etc) . 
- by businesses ( I. e.,  XnterCity) 



a3cmwmsupQJ'IHE-m 

and quality "health" of a particular functlm, a r e a ,  etc., r t  1s 
TO enable these assessments to produce valrd rndlcations of the safety 

necessary that they shculd satisfy a number of crlterla.  mese are 
llSt€d belw. 

- For any single individual, the asses-t t a sk  must be 

- assesmts  m t  be made In  relatlon  to the p r f o m c e  of a 
shple, Obv~ous ly  relevant and short. ?his means the 

speclflc jcb over a partldar perld of time, say a mth. 

- ?he ''paper burden" nust be kept to a mninnnn. 

- ?b canpensate for idiosyncratic judgements, the profile must 
be derived fran several people (where that is ps lb l e ) .  

- T h e  REVW pa&age nust be capable of  providing selected 
breakdowns and trends a t  any time w i t h  the mininran of 
adrrunistratlve tune, cost and effort. 

?he  only way all of these crlteria could be met was by implementing 

networked PCS. It was therefore declded to fashion this assessment 
REvw as a software package, deslgned to work on stand-alone or 

package in  the form  of a sunple g n d .  

mER5rLEnQuD 

'The basic form  of the grid is s k m  in  Flgure 2 .  ?he colw 
reflect the actlvlties and functions carrled out wlthin a particular 
area. ?he rws provlde the means of assessing the extent to which any 
one  of the 16 WFs contributes adversely to the work carrled out by a 
particular f u n C t l o n .  

Totalling the cell values  over single colurrms or over all colurrms w i l l  
glve profiles  for each functlan or area respectively. Totalling down 
the calm w i l l  give a rough lndicatim of  the extent to whlch each 
activity or functlon has  attracted problems. 

Each colm m y  be entered by a vanable n m h r  of  people (according to 
then mrk). On each assessnent oxas1m, the indlvidual is asked to 

out his/her ]ab over the past m t h .  ?he pdgements are made on a 
ydge the extent to  which each factor has been a problem m carrying 

5-point scale, where 1 = no problem at all, and 5 = a serious problem. 

?he REVIEW program y l e l d s  running average proflles over time by 
accumulating the ratlngs of individual people for a particular area or 

the data within  the program. Tim-expired data w i l l  be archived and 
function. C l e a r l y ,  it w l l l  be necessary to put a lmi t  on the l i f e  of 

remain available for calculating trends, but it w i l l  not contribute to 
the current running average. 

Figure 3 gives an -le of haJ the RWIm program may be 
implemented w i t h i n  the East Coast min L i n e .  

Page 5 
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DxmmYJs 'W' RPFS 

?he  aim of the prcgrm is to rdentlfy 2-3 RPFs currently m 
need cf urgent remediation. I m p n x r x ~ ~  these Lemnes the attainable 
safety qcal for s ~ n e  defrned perla3 of  time. tkw they should be 
unproved 1s a matter for the relevant management and s t a f f .  

Since the  profiles w i l l  be derived f m  averagmg data over people, 
Fades, functions an3 areas, there w l l l  be a tendency for  proflles to 

is the degree to which glven RPFs r a i n  salient across the var~cu5  
flatten cut as mre and mre data is included. Of particular Interest 

breakdcMl p x s i b i l i t i e s .  

A typical profile is ShaJn in Figure 4. ?he bars represent running 
averages €ran the variocls individual ratings in a particuk- area or 

interpretation is that the lamer the bar, the greater is its cause for 
function. hey are in arbi t rary units. ?he wain point for  

. axxexn. - 

Tools & Equipment 

Materials 

Supervision 

Working Environment 
Staff Attitudes 

Contractors 

Design 

Staff  Communication 

Dept.  Communication 

Staffing & Rostering 
Training 

Planning 

Rules 

Management 

Maintenance 
I Housekeeping 



VARIETlESoF- 

KEVIEW prcgram  prcducing  different  kinds  of slmmary mndicators: 
For the purp3se.s of  interpretatlcn, It 1s useful  to thlnk of  the 

- Local functlrn indicators: these  are  profiles  relatlng to the 
uork wlthin a partxular function  (e.g.,  signalling)  wlthin a 
particular area (e.g.,  Ccncaster) . 

- Area indlcators:  these  are  profiles whlch aggreyate  the  data 
across  all  functims  within a particular area. 

- Functlcn  indicators:  these  are  proflles  which  aggregate  the 
data fran a given  functicm  across all areas 

- Business unit indicators: these are profiles  which  aggregate 
a- &th functiam and areas for a particular tusiness 
unit (i.e., East Coast Line). lhese give a very 
coarse-grained  indication  of the "culture"  of  the  unit as a 
whole. 

Profiles of any  of  the abve kinds can be obtained at  any  time fran the 

meaningful provided  the p q a m  has been "mmg" for a sufficient 
RJZVIEW prcgram through a menu  selection  facility. mese wlll cnly be 

period  to allm multiple  inputs. RE?ZlIW gives  relative  rather than 
absolute  values. ?hus, we are  interested  in  the  relative  differences 
between RPFs and their changes over times. 

RnrwAM)nJrALm-- 
REvlEw extends  current  safety  management methocts m two  ways.  First, 

years  regarding  the  types and origins of human errors. second, it does 
it takes account  of  what has been learned  over  the  past 20 or m e  

not restrict  the m g m t  of  safety to what occurs on the  track, in 
the cab or in  the  shunting yard, but  encanpasses  fallibility at all 
levels of the system. 

methods. RJXIB4 a-ts and enhances  the scope of quality 
REvlEW and .rr;M have  the same goals,  but  they  employ  different 

management by exploiting  current hurran factors  research  findings.  In 
short, it adds  professional h w  factors  to  ProfessmCnaL  quality 
mgenent. 

aM.eA?u3GRJXIB4wrmW~PlimXR3oFsAFEI.I~ 

misting safety m g m t  techniques  have  evolved over m e  than 160 
years  of  railway  operations.  They  have been driven  in  large part by 
the  deslre to prevent  the  recurrence of the  last  incident or accident. 
?bough of proven  value,  these  current  forms  of  safety managmt have a 
number of limitatlcns,  particularly rmrrumess of focus. Sane of these 
problem are listed belm: 

- 'Ihey focus mre tqcm active (sharp e n d )  unsafe  acts than upon 
latent  system  failures. 

- 'Ihey f- m e  upon the pencnal rather than upon the 
situational  or  systemic  amtribution  to  accidents. 
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- ?hey  tend  to  "flrefight"  the  last  accldent  rather than 
antlclpatlng and preventing  the  next me. 

- l%ey  rely  heavlly rn exhortaticms and disciplinary sanctions. 

- ?hey  st111  employ  blame-laden  terms  llke  "carelessness", "bad 
attitude", "irrespansibility"  (even  In 'lpl). 

: ?hey are generally not informed by current human factors 
krcwledge regarding error and accldent causation. 

In  brlef,  they tend to be piecemeal rather than planned,  reactlve 
rather than proactive,  fashirn4riven  rather than theoq-dnven.  ?hey 
also ignore the substantlal  developrents that have occurred in  the 
behavicural  sciences over the past 20 years in  understanding the 
nature, varieties and causes of h- error. 
-'MEREVw- 

- Accidents  in  wellclefended a d  canplex  railway  systems  arise 
minly frun the insidious accrmarlat1rn  of  latent 
oryanisatid and situatid fallures. 

- 011 rare  occasims,  these  latent  fallures can &me  with 
local triggering factors  (weather, slgnal lccaticns,  etc.) 

bypass  the  defences. 
and active  failures  (errors and vlolatrons)  to  breach  or 

- H m  rather than technical failures  now  represent  the 
greatest  threat  to  the  safety  of  rallways. 

- H m  fallures can be merated but  never  entirely 
eliminated.  The same 1s also true  for  the hazards intrinsic 

absolute  safety. 
to  railway operations. ?bus, there can be no such thug  as 

- Dlfferent  types  of  unsafe  act  have different underlying 
mechanisns, cccur m different parts of the  organisatlon a d  
require  different metinxls of  management. 

- Safety  siwificant  errors OCCUT at all levels of the  system, 
not ~ust at  the sharp end. 

- Measures  that  Involve  sancticns and repeated  exhortations 
(i.e.,"te mre careful")  have  only  limited  effectiveness. 
Systems,  situatlons and tasks are mre rranageable than 
people. 

- Unsafe  acts  are  the prduct of a chain  of causes in whlch the 
individual  psychological  factors ( i .e., rrunentary 

rranageable  link. 
inattentim,  forgetting,  etc.) are the  last and often  least 

- Negative CUtmme data (accidents,  incidents, lost time 
injuries, near misses, etc.) are an essential part of any 
safety  informaticm  systen, tut by  themselves  they are tao 
little and too  late to s u m  effective  safety  management. 



- I  J 

- Accldents,  by them nature, caMot be vanaged  drrectly. Tm 
many of thelr  causes  lie  outslde  the  control of the  system 
managers. 

- ?he only reallstlc  goal  in  safety mgement 1s to  achieve 
the greatest deyree of intrlnslc  reslstance to ever-present 
accldent-causing factors ard then to  sustain It. 

- Safety managmt should not be a reversed  prcductlcm  process 
a& at  brlnglng  accidents, lost tune  lnlurles,  etc., dam 

long term fitness pxg-ramne based upn regular measurenents 
to scme reduced target  value.  Safety  management must be a 

of  "safety health". 

A smmnry of the Benefits are  given in m i x  2 .  
1 1  
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A P P E "  1 
ORGANISATIONAL FACTORS 
- - __ _ _  . - . .  

.. .. 

Extensive observations, covering a range of grades, departments and areas, 
have identified 16 organisational factors  that can have an adverse effect  upon 
railway work. These have  been  tekned  Railway  Problem  Factors (RPFs) and are 
listed below. Beneath each  heading are example items (not a comprehensive 
listing) relating to each RPF. 

. .. . . _ _  -. 

TRAINING 

TOOLS AND 
EQUIPMENT 

MATERIALS 

DESIGN 

STAFF 
COMlKUNlCATION 

RULES 

SUPERVISION 

WORKING 
ENVIRONMENT 

Sl'AFFIXUG S 
ROSTERING 

Adequacy and quality of  tr?iining, use Of training aids 
(simulators, videos etc.), refresher courses  and 
information updates, regularity (too 
much/not enough). 

Availability  of proper tools and equipment, suitable 
ordering procedures for spares and  mphcements. 

Consumables readily available in sufficient quantity, 
suitable ordering procedures. 

Workplace and equipment design, suitable for  work, 
easy to use, ease of transportation and handling, 
standardisation of equipment. 

Sources of information, notices, working instructions, 
safety  meetings, team briefings, communication 
between management and staff. 

Rule book, local rules and regulations, language, ease 
of comprehension,  not  enough,  too  many, 
unmanageable, inadequate. 

Attitude of immediate  supervisors/managers, 
interference, insufficient contact/communication. 

Workingconditions, weather, eating/drinking/resting 
facilities. 

Staff availability/numbers, hours worked, shift 
arrangements, weekend working. 



! 

. .  APPiiNlM 1 - t o N T w  .-- 

STAFF 
AlTITUDES Job  insecurity, negative attitudes, poor relationships, 

- _. 

absenteeism. 

HOUSEKEEPING Vandalism,  tidiness,  debris from previous  work, 
cleaning. 

F 
i 

~ 

PLANNING Weekend work, contact with all those involved, site 
visits, meetings. 

DEPARTMENTAL 
C O ~ C A T X O N  Contact/relationship with other departments, co- r 

operatton. 
t 

MANAGEMENT Remoteness,  attitude,  interference,  incompatiblegoals, 
impossible  demands. 

CONTRACTORS Attitude, working practices,  safety procedures, railway 
knowledge. - 

MAINTENANCE Reporting  procedures, time scale,  delays, quality. 

It will be noted  that six of these RPFs [tools/equipment, materials, supervision, 
working environment, staff attitudes  and  housekeepin& deal pr imady with 
workplace conditions. The  remainder relate to generic  organisational processes. ! 

I 
I 



"REVIEW" 

BENEFITS 

- Pro-active not re-active. 

- Identlfication of "process" and "latent"  risks. 

- Involvement of safety  critical  staff. 

- Increases  safety  awareness. 

- Bottom-up not top-down  initiatives. 

- Forms  a basls for 'loss' control. 

- Alds insurance assessment. 

~ Improves  safety  culture  throughout  the  Profit  Centre. 

- Little  additlonal  tlme. 

- Lou. or no t o %  

- Simple  to ooerare. 

DlSBENEFlTS 

No dlsbeneflts have. as  yet. been Identified 

However  Revleu,  requires 

- hlanagement  convlction.  from  the top. to make 
the system work effectively. 

- Risk IO management in the \la? the o r g m ~ s a r ~ o n  
reacts to staif  perceptlons a n d  recommendatrons. 

D K Wharton-Street 
Human  Factors  Adviser 



Director,  Safety 

Macrnillan  House 
CP 24. Paddmgton  Station 

Telephone 071 -922  4268 
London W2 1 FT 

Facsimile 071 -922 4386 

Brltlsh Railways  Board 

HUHAN FACTORS RESEARCH  (REVIEW1 

Because of tlme c o n s t r a m t s ,  the paper  glven  today does not Inc lude  a 
d e t a i l e d  explanat lon of the systems and computer programme L n  support 
of REVIEW. 

I f  you are lnterested In developlng REVIEW wlthln your Orgamsat lon  
and regulre more d e t a i l e d  explanat lon ,  w l l l  you kindly  make contact 
w z t h  the S a f e t y   P o l i c y  Unlt a t  the address  prlnted  above. 

David h'harton-Street 
Human Factors   Adviser  
S a f e t y  Policy Unit 
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ABSTRACT 

r 

The  paper  will be presented  by  Sarah  Tozer,  Ergonomist  in the Human  Factors  Research 
Department  and  David  Wharton-Street,  Human  Factors  Adviser in British  Rail's  Safety  Policy 
unit. 

The  paper  is  based on research  sponsored  by  British  Rail  with  Professor  Reason  in  the 
Department of Psychology - University of Manchester. 

The  concept in  the  paper  addresses  organisational  safety  health in a Railway  environment  by 
identifying  potential  active and latent  failures  prior to a  damaging  event. This is achieved  by 
the use of a  pro-active  measuring  system  involving  safety  critical staff, supervisors and 
managers. 

The measuring  system  encompasses  organisational  pathogens  and  core  processes  expressed 
as sixteen Railway  Problem  Factors. 

The  aim  of this second  paper in support of the  presentation is to explain  the  requirement for 
a  change in the  Safety  Management c u l t u r e  of British  Rail,  and  how  the  development of 
"REVIEW" was  undertaken  in  order to address  apparent  shortfalls  in this culture. 
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1. WHY THERE IS A NEED TO INVESTIGATE LATENT FAILURE 

Railway  accidents  and  near  misses have tended  to  focus upon the  active  failures of the  staff 
at  the  ’sharp  end’.  Particular  emphasis  has been given to the  violation of d e s  and  the  Human 
error of Railway  men  such as Drivers,  Shunters,  trackside  workers  and  others in direct contact 
with hazards. 

I 

The  remedy has always been to take  steps  to  prevent  a  recurrence.  The  remedy is usually  in 
the  form  of : 

* Engineered safety measures 
* Amendments to the  Rule  Book. 

But,  the  evidence of  major catastrophes of the 1980’s clearly  indicates  that  the staff at the 
’sharp end’ are the  inheritors of latent  failures - the  instigators of accidents. 

The  challenge is to be able  to  identify  and  eliminate  these  latent  failures in the  organisation. 

But,  how  can we identify  these failures? How  can  we  open up  the  organisation so that  the 
-_ situational  factors  that lead  to  unsafe acts and  accidents  are  made  visible? 

Only  by creating this ’visibility’  can  we: 

* 
* eliminate  the failures  at  source 

improve  the  safety c u l t u r e .  

Whatever  system is developed it must  not be a  substitute  for  current  railway  safety 

in  the  organisation. 
- management  systems.  It  needs  to be an enhancement to the  safety  systems  already  existing 

British  Rail’s  current  safety  management  practice  normally  involves  a  structure of frequent 
safety  briefings  down through the  organisation  to  all  staff  who  operate  at  ground  level. 

However,  we  have  identified  some core problems  with  the  safety  management  system. 
.. 

* Current  limited  amount  of  feedback on safety  matters  from  ground 
level  staff. 

* Different  perceptions of safety  at  each  level of  the organisation. 

* A general failure of  management to  recognise  latent  problems  until 
accidents  happen. 

* A reactive  assessment of accidents. 

Preferably  any  new  system  should  address  these four  shortcomings. 

2 



2. A NEW  WAY  FORWARD 

The Piper  Alpha  oil-rig  explosion  and  the  detailed  causational  analysis  and  resultant 
recommendations  by  Lord  Justice  Cullen  was  the  clue to unlocking  latent  failure 
identification. 

The  detailed  review of  causes camed  out by  Professor  Reason  and  other  specialists,  indicated 
that  the  clue to latent  failure  identification  lay  within  the  working  practices  and  inherent 
concerns of the  staff. 

Professor  Reason’s  recommendation to British Rail was to  investigate  the  problems  as 
perceived  by  our staff. He  assured us that this would  lead to the  required  visibility of latent 
failures  in  the  organisation. 

It is recognised that  the  perceptions of staff towards  safety  are  synonymous  with 
organisational  problems. 

I 

i- 

. _  
3. IDENTIFICATION OF THE RAILWAY PROBLEM FACTORS 

To achieve this a  structured  methodology  for  the  collection of the  required  information  was 
undertaken.  In  order to gain a full picture of staff attitudes to safety, staff of all grades 
(ground  based, supemisors and  management),  from a broad  range  of  geographical  locations 
and  across  all  safety  critical  areas of  work  were  selected  for  study.  The  research  was  based 
on a program  of  subjective  data  gathering  techniques  which  became  increasingly  structured 

- 

- as the work progressed This was  followed  by a  process of validation. 

i) ParticiDative  research - 

Initially  a  Human  Factors  Team  member  joined a track  maintenance gang to gain a 
first  hand  insight  into  the  staff’s  perceptions of their  work. As an  overt  observer  a 
broad  ovemiew of attitudes  to  their  work,  their  feelings about the  railway  and  other 
motivational  factors  were  identified. 

ii) Interviews - 

In  order to establish  the  validity of the  factors  identified  from  participative  research, 
a wider  cross  section of staff of various  grades  (ground  based,  supervisors  and 
management)  and  location in one  safety  critical  area  (track  maintenance)  was  selected 
for interview.  The  interviews  provided a forum to  generate  further  safety  related 
factors. A selection  of  the  factors  identified  by  supervisors on the  East  Coast  Main 
Line can be Seen in  Appendix A. 
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iii) Working m u p  - 

A working  group was set up which comprised  Human Factors specialists, Professor 
James Reason  and staff from various  railway businesses, in order to identify the 
salient factors from those generated  to  date. Through a process of grouping and 
weighting a  core of 16 distinct Railway  Problem Factors (RPF's) was generated. 

Training 
Tools and  equipment 
Materials 
Design 
Staff communication 
Rules 
Supervision 
Working environment 
Staffing and rostering 
Staff attitudes 
Housekeeping 

Departmental  communication 
Management 
Contractors 
Maintenance 

Planning 

iv) Validation - 

As the factors had been developed by one group of Safety Critical Staff it was 
necessary to test them on other safety critical staff groups, ie Signalmen, Drivers, 
Shunters, Fleet Maintenance and  Equipment Maintenance Staff. 

Further interviews provided verification  that all staff groups recognised the 16 factors 
as a  valid  and comprehensive set  for  their  work type. 

r 

4. MEASURING TECHNIQUE 

Having now identified the 16 RPF's a  technique to measure the strength of feeling towards 
these needed to be developed. A questionnaire was designed evaluated and  modified  by  a 
series of trials with the target users. 

i) Development - 

The three issues that were considered  important to clarify were: 

* Question wording 
* The rating system 
* Prompts (factor  description) 
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The trials allowed  the  language of the  questionnaire to be matched  to  the 
understanding of the  users  and to establish  the  optimal  rating  scale  for  eliciting 
opinion. A further  requirement  was  that a list of prompts of each of the 16 factors 
were  suitable  for each  safety  critical  group of staff. 

ii)  Evaluation - 

For the  technique  to  be  effective  four  criteria  had to be  satisfied.  The  trailing  process 
allowed  the  following  four  issues  to  be  evaluated. 

* Ease of use by staff 

* Effective  analysis 
* Minimal  resource  requirement 

* Accurate  data  collection 

iii)  Modification - 

The  evaluation  process  highlighted  the  fact  that  although in general  the  questionnaire 
provided an easy  method  of  obtaining accurate  data,  the  prompts  provided  were 
inadequate  for  all  user  groups.  The  prompts  needed  to  be  tailored so that  the 
description of  the factor was  meaningful for each  safety  critical  group of  staff. 
Similarly  discrepancies  in  interpreting  the  numeric  rating  system  were  noted.  The 
evaluation  process  also  highlighted  the  method of data  analysis  was  too  complex.  The 
trailed  method  involved  paper  based  scoring  of  the  questionnaires  which  then  needed 
to be coded and  transferred  to a  statistical  computer  package. This process  was  found 
to  have  a  number of faults. 

* Time  intensive 
* Error  prone - due  to  inaccuracies  during  transfer 
* Inappropriate  statistical  computer  package - the  generation of graphs 

and data  into  a  meaningful  format  was  complex  with  currently 
available  packages. 

5. SYSTEM DESIGN (THE REVIEW PACKAGE) 

A simple  computer based  system  was  developed as a  tool whit :h could  be ti ken forward for 
verification. This method  was  chosen  because  it  had a  number of benefits.  This  included  the 
ability  to  retain the positive  attributes  already  established in the  paper  based  system,  namely 
meaningful  question  wording  which aided accurate  scoring of attitude.The  computer  had  no 
disadvantages  in its ability  to  present  the  questions  and  prompts.  Further  benefits  included  the 
fact  that  time  was  saved  because  firstly  the  data no longer  required  coding  nor  transfer to the 
analytical  tool. As a consequence  errors  resulting  from  transfer  would be eliminated  and  data 
input  directly into a dedicated  tool for analysis  geared to produce  output  in  a  meaningful 
format. 
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Advantages 

The package  also  builds on the  positive  attributes of the  paper  based  system  because  the  input 
process  is  scored using an increasing  bar  size to represent  strength of opinion  which  is 
reinfomed  using  verbal  descriptors.  The  output is customized  to  provide  a  graphical  image 
(or  profile) of the RPF's which  can be broken  down  according  to  grade,  location  and  business 
function. This enables  the  user  to  compare  and  contrast  data  gathered  for  various  staff  groups, 
hence giving a  picture of the  different  perceptions  of  safety  within  the  organisation. 

The computer  package also provides  flexibility  in terms of  the  prompts that  can be made 
available to the user, depending on individual status (grade  location  and  function).  The 
computer  based  system  met  the  minimum  requirements  of  the four  criteria  set  out  and  also 
provided  additional  benefits  thereby  providing  an  effective  measuring  technique. 

- 

r- 

6 .  THE PILOT SCHEME 

i) Interface  with  the  safety  management  svstem 

Safety  management  should  not  be  a  reversed  production  process  aimed  at  bringing 
accidents,  lost  time  injuries  etc  down  to  some  reduced  target  level.  Safety  management 
must  be a long  term  fitness  level  based upon regular  measurements of 'safety  health'. 

To reduce  costs  and  time,  within  British  Rail  it  was  agreed  that the use of the new 
computer system called  REVIEW  would be related  to  the  frequent  safety  briefing 
system. Within a line management  organisation, the briefing system extends from the 
director  to each member  of  staff. 

Using  the  briefing  system  REVIEW  can  provide  selected  safety  indicators (profiles) 
broken  down  in a variety of  ways: 

* by  grade of assessor (eg supervisor of managerial) 
* by  functions  and  activities  (eg  signalling, shunting) 

by  Railway  areas  (eg  Doncaster,  Edinburgh etc) 
by  Business  unit  (eg  East  Coast  Main  Line) 
by  Business  (eg  Intercity) 

* 
* 
* 

ii) Aims  of  pilot  scheme 

* To ensure  that  the  system is flexible hence  able to fit the  specific 
requirements of the  various  businesses  and  functions within British 
Rail. 

* To test  the  robustness of the system  in  terms of collection,  handling 
and  analysis of data. 
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a)  Timescale:- The  pilot would run for  a 6 month  period  to  allow  time  to  set 
up the  system,  a  number  of  data  collection periods and  time for 
analysis of  the  results. 

b) 0biective:- The objective  in terns of target  audience for the pilot,  was to 
firstly  cover a cross section of  Railway  Businesses  and  secondly 
to ensure that at  least  one  example of all groups of safety 
critical staff were  covered. 

The criteria  by  which  verification  would be judged  was  similar to those  highlighted 
earlier, namely: 

* 
* Data  collection 

Data  analysis 
* Data  interpretation  and  evaluation * User friendliness 
* Robustness of the  system 
* Flexibility of the  system  in  terms  of  fitting  the  various  businesses  and 

* functions  within  British  Rail 
Cover a  sample of  all  safety  critical  staff 

iii)  Structure of pilot  scheme 

To verify  the  above  criteria  computer  based  measuring  technique (REVIEW) was 
installed  in three of British  Rails  five  main  businesses. 

BUSINESS 

South  Wales 8c PROFIT  CENTRE 

Regional  Railways 

West 

FUNCTION Fleet 
Infrastructure 

Intercity 

Line 
Yorkshire  Freight East  Coast Main 

Trainload  Freight 

Fleet Operation 
Infrastructure 
Operations 
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From  the three r i e  management  Business  Profit  Centres  samples  from  safety  critical  staff in 
the  following  functions  were  included  in  the  scheme. 

11 Function I Staff G~OUD 

II Fleet  Maintenance  Maintenance Staff 
and  Cleaners 

!- 
hfrastmcture 

Signalmen, 
Drivers, 
Shunterflrain 
PreDarers 

Signal 

Maintenance, 

Maintenance. 
I 

It is to be noted  that  the  pilot  scheme  covers  the  same staff group type at  a number 
of  locations. In due c o w ,  this will aid  comparison of results between staff within 
the  same  activity. 

A more detailed  example  of the organisational  structure  of a Profit  Centre  is shown 
on the chart for the East Coast  Main Line. 
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iv)  REVIEW imulementation 

aJ Decisions 

The British Rail  Businesses  were  approached  and offered the opportunity to 
implement REVIEW on a 6 month trial basis. The policy decisions about  how 
implementation would  be  structured  within each individual Business were 
made by  each Businesses own management. Such decisions included who was 
to control  the project, which  staff  would  contribute  and how often 
contributions would  be  made. 

The method of training business  staff was two tiered. Firstly the REVIEW 
Project Manager imported information  regarding the REVIEW system in 
general and how  to set up, operate and  maintain the system to the management 
group who would control REVIEW  in  that  business. The second tier fed down 
from this group to all staff  involved in use of REVIEW. 

Data inuut 

As part of REVIEW  implementation  there  were three distinct structures 
established for the gathering of data on a  computer  based  system. 

* Computer Suite - where  available  a computer suite comprising a 
number of IBM compatible standalone PCs was  used as central point 
for data input.  Where the computer suite was used it formed part of 
the established safety briefing programme. 

* Single point - where  only one PC was  available  staff  were  required to 
travel to the computer to make inputs. 

* Portable computer - where  the  normal  work  location  made it difficult 
to travel to a single point  a lap top  (portable)  computer was taken on 
site. 

& Freauency of input 

In order for REVIEW to be valid, input is required  routinely. The frequency of input 
was also to some extent a Business Management decision based on the frequency of 
safety briefings, the method of data input their own preferences.  However, the 
rationale behind REVIEW requires a  minimum frequency of individual  making inputs 
at least once every 8 weeks. 

The frequencies being tested  in the pilot  scheme are once every 2, 4, 8 weeks. A 
further requirement is that at least 30% of the safety critical staff of each staff group 
type at any one location being looked  at  must input data routinely  to be statistically 
significant. 
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& Feedback  Techniques 

Perhaps  the  most  critical  feature of the  system  is its ability  to  provide  meaningful 
feedback  relating to the  inputs  that  are  made. 

r- 

i) 

ii) 

iii) 

How is feedback  given 

Feedback is provided  in a graphical  format  where  the  strength of feeling 
towards  each of the 16 RPFs is seen  for  any  combination  of  requested 
variables  (grade,  function,  location,  business  and  profit  centre). Any RPF to 
which a  significantly  higher  strength of feeling  is  attached  manifests  itself 
graphically as a peak above  the  base  line  opinion. 

When is feedback  given 

Feedback is made  available  in  three  work  contexts  depending on the  method 
and frequency of data  input.  Where a computer  suite is used  in  conjunction 
with a safety  briefing  session  feedback may be made  available  during this 
session  or  the  following  one. In those  instances  where  input is made  at a 
single point, feedback is made  available  at  the next safety  briefing  that staff 
attend.  Where  data  input is camed  out on site,  using a portable  computer,  the 
feedback is available  immediately or  at  the  next  input  session. 

Feedback  discussion 

Once  feedback  has  been  produced,  discussion is initiated.  Depending  on  the 
input  methcd  the  forum for discussion  may  either  form  part of the  safety 
briefing or not. 

7. EMERGING RESULTS 

The  pilot  scheme  has  only run for 2 of the  allocated 6 months  for  the  trial  period.  The  results 
emerging  are  therefore  provisional but  do  suggest  that REVIEW will  be  conclusively  shown 
to be effective in  meeting its aims  and  objectives. 

The results to date  with  respect  to  the  criteria  stated  earlier,  against  which  verification  would 
be judged, are as follows: 

i) Data  collection 

Each of the  three  methods  for  collecting  data  have  enabled  the  users to input  required 
data at the  frequency  defined  by  respective  Business  Management  team.  It is 
reasonable to assume  that  effective  data entxy is indicative of appropriate  question 
wording  and  prompting. This has been supported  by  subsequent  interviews  and 
conversations. 
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ii) Data  analysis 

The computer  program,  dedicated  to  analyze  the  collected  data  has  provided  the  results 
in  a  format  readily  understood  by  the users. 

iii) Data  intemretation  and  evaluation 

As stated  the results to date  are only  provisional  but  indications  are  that  the  facility 
to breakdown  the data into specific  profiles  enables  any  peaks to be identified as 
emergent  fea-s. An example of the  process  by  which  data  is  broken  down into 
selected  profiles  can be seen in Appendix B. The  figure  below  illustrates  clearly  how 
peaks can be identified. 

halyre data in fila: 
Between dater: 

Grade: 
Fumtlon: 
Location: 

Aru/Proflt Centre: 
bstnesr: 

- 1  
I 
I 
I 
I 
I 

iv) User friendliness 

One  element  about  which  positive  conclusions  can be drawn is the  acceptability  and 
usability of the REVIEW system. Staff of all  grades  found  the system easy to use, 
understandable and manageable. To some  extent  the 'fun element' of using a 
computer  based  tool  added to the already  established  safety  management  structure. 

v)  Robustness of the system 

Although  evidence  to date suggests that the REVIEW system is capable of handling 
the required  levels of data  input and is reliable  it is too early to draw  conclusions 
regarding fm proof  of this. 
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vi) Flexibilitv  of  the  system 

The  system  has  fitted  into  various  businesses  and  functions  within  British  Rail. This 
has required only  limited  adaptions to be made  with  respect to customized  prompts. 
The  lack of changes needed for the  system to be implemented  by  any  business 
illustrates  clearly  the  flexibility of  the  system. 

8. SUMMARY 

All  early  indications from experience  in  setting  up  the  system for trial,  managing  the  pilot 
scheme  and  discussing  the  feedback,  suggests  that  the  final  conclusions  will  conclusively 
prove REVIEW to be an effective  and  flexible  safety  management  tool. 

12 
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APPENDIX A 

Sample  of  problem factors raised  by  supervisors on the  East Coast Main  Line 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Planning meetings  not  always  attended  by all relevant staff. 
Irregularities within track  possessions 
Tamper  work  in a possession  without  marker  boards 
Too many  forms  to  fill in  before  track  work 
COSHH regulations 
Working in a  strange  area 
Bidirectional  working 
working with  p/way staff (s & t complaint!!) 
Difficult  access  to  site 
New  staff  in  the  area 
Working in darkness 
Fibre  repairs 
Vandalism 
Dust  problems  (coal,  ballast  etc.) 
Old  working  practices die hard!! 
Working  without  lookouts 
Safety paperwork 
Duplication of effort 
Delivery  problems  with  new  equipment 
Manpower  fluctuations 
Inadequate  training 
Servicing/inspection of hire  vehicles 
Different  rules in different  departments 
Problems with  ballast  cleaning 
Problems  with  contractors 
Pee wee  cable  problems 
Back  injuries  from lifting 
Introduction of non flame  retardant  vests 
Misting of goggles 
Appreciation of  ac  lines 
Staff  morale 
Positioning  ladders  against  tower  scaffolding 
Fumes in tunnels 



APPENDIX B 

Figure 1 represents an overaU  mean  rating  for all staff  from one Business  aver  a single cycle 

of the averaging  effect  resulting from individual  differences  based  on  location  and  grade. 
- of inputs. It is difficult to readily  distinguish  significant  peaks  from  baseline  opinion  because 

BR REVIEW Oata Analysis 

hlyre data in file: 
Between dates: 

Grade: 
Function: 

AreaIPtofit Centre: 
Location: 

hsiness: 

REVIEKMT 
oO/W/W a d  20/08/93 (inclusrve) 
<don't care> 

Freight 
<don't care> 
Yorkshire 
Trainload  Freight 

Hmber of rat ings 317 

Figure 2 shows how the next step in the process of breaking  down  data by choosing selective 
profiles, in this case  grade  defined as Driver  begins to reveal  areas of stmng  opinion,  however 
it  is still not possible to identify the pertinent  Railway  Problem  Factors. 

BR REVIEW Data Analysis 

&lyse data i n   f i l e :  
Between dates: 

Grade: 
Function: 

AreafProfit Centre: 
Location: 

hsiness: 

REVIEW.DAT 
00100100 a d  20/08/93 (inclusive) 
Dnver 
Freight 
don't care, 
Yorkshire 
Trainload Freight 

Number of ratings 133 

" I 
I 
I 
I 
I 
I 
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Figures 3 a d  mark a further step in the analytical process because location has been used as 
another filter in deriving a profile that  cleirly illustrates any peaks present in the data. 
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Health  and Safety embraces every facet of our lives 
whether we are at work  or  at play. The breadth 

and diversity of the subject can lead to difficulties 
in sourcing the information or solutions you seek. 

health & 
At  British Rail Research our professionally 

qualified  scientlsts and technicians  have been 
providing Britain's railways with the answers they 

need for over 20 years. We are now able to offer 

safety 
our skills, knowledge  and experience to you. 

Some of the services available include: 

0 Occupational Hygiene Consultancy 
0 Environmental Management 
0 Human Factors Consultancy 
0 Traffic  and  Dangerous Goods Advice 
0 Radiological Protection Advice 
0 Fire  Technology 
0 Derailment Investigation 

Regulations  present 
ever  more  complex  safety 
problems to  the  manager 

Work is  undertaken to comply with all U.K. 
Regulations and European  and International 
requirements where applicable. Regulations 

present ever more complex safety problems to  the 
manager.  With our help  you can successfully 

comply with Regulations and provide a quality 
workplace for your staff, which could lead to 

future financial benefits. 

Occupational Hygiene Consultancy 

Advice  covers such  areas as; COSHH, Noise, 
working with Asbestos and Lead, Confined 

Spaces,  use of Personal Protective Equipment, 
Legionella monitoring amd interpretation of 

Legislation. 

We provide full on-site assistance covering 
workplace monitoring to make constructive 

recommendations for reducing personnel 
exposure, and meeting legal responsibilities.  Staff 

training can be provided to meet your specific 
needs  and to comply with legislative requirements 

for employee instruction and training. 



Environmental Management 

Management’s environmental responsibilities are 
increasing rapidly, and  we offer guidance on 
legislative compliance and practical advice on 
environmental emissions, waste reduction, 
contaminated land issues etc. We carry out full on- 
site  studies to provide achievable results in  all 
aspects of environmental management. 

H u m a n  Factors Consultancy 

Investigations into all aspects of the man/machine 
interface are undertaken. We take account of 
psychological and ergonomic aspects of human 
behaviour and  make recommendations based on a 
clear understanding of human  strengths  and 
weaknesses. 

Individual  studies  into Work Related Upper Limb 
Disorders and  assessment of VDU workstations 
are two examples of this specialist field. 

Traf f ic  and  Dangerous  Goods Advice 

Advice  is available on  the legal and practical 
aspects of acceptance, handling  and transportation 
of all forms of dangerous materials by any means 
of surface transport  anywhere  in the world. The 
group is  actively involved in drafting national and 
international regulations, so our advice is always 
current, relevant and appropriate. 

Radiological Protection Advice 

Our Radiological Protection Adviser is available to 
help ensure that you meet your  statutory 
responsibilities. Additionally, our radiological 
protection supervisors are trained to advise on any 
precautionary measures which are required and to 
ensure your full compliance with national 
legislation. 

Enviromental 
responsibilities 

are increasing  rapidly 



Supported by modern 
sophisticated  technology 

Supported by modern sophisticated technology, 
a wide range of skllls are available to enable 

advice to be given on material properties, 
regulations and design criteria. The  range of 

services we provide includes fire  testing  to 
recognised standards, investigations, consultancy 

and  ad hoc testing tailored  to your specification. 

Our extensive, nationwide laboratory network 
enables a rapid response to all enquiries and 

requests for  assistance.  We  use the most 
sophisticated monitoring equipment and 

technology available. 

F o r  more information contact: 

The Business Development Manager 
British Rail  Research 

P.O. Box 2 
LondonRoad 

Derby DE24  8YB 

Telephone: Derby (0332)  264908 
Fax: Derby (0332)  264913 

International Telephone: +44 332  264908 
International Fax: +44 332  264913 

or contact the laboratory nearest to  you: 

Derby : Tel:  0332  264618 
Doncaster : TelO302 362402 
Glasgow : Tel:  041  335  2640 

Swindon : TelO793 515049 
Crewe : Tel: 0270  532372 

London : Tel: 081 444 9891 



Human 
Factors 

British Rail  Research  Scientific  Services  offer a 
full range of services  relating  to  the human 
behaviour of both  the  travelling  public  and 
staff. We  take account of psychological and 

ergonomic  factors  in  passenger  environments 
and  the  workplace.  There is a  need  to 

understand  and interpret human strengths and 
weaknesses so that these may be  considered 

alongside technical and commercial  criteria  in 
the  design  process, and our specialists can 

provide  you  with sound, practical  advice  in this 
vital area. I 

Safety Systems 
, ,  

We  have  examined  passenger  safety  with 
regard  to  emergency  evacuation  and  have 

collated  information on the  ease of escape  from 
various  types of vehicle. Through 

questionnaires  completed  by  drivers and 
practical  measurement,  we  have  also  evaluated 

the  ergonomic  aspects of new  safety  systems 
such  as  Automatic  Train  Protection. 

Investigations  have  been  carried out relating  to 
the  safety of track  activities. This work 

contributes  greatly towards better  safety 

systems  for any area of railway  operation  and 
leads to a  greater understanding of the 
attitudes of staff at all  levels. 

New Legislation 

Recent EEC directives  on  Manual  Handling, 
Display  Screen  Equipment and The  Workplace 
Environment  have  placed  new  requirements on 
managers. Our qualified and experienced staff 
will undertake assessments and surveys in 
connection with this legislation and ensure that 
you  receive  the  best  possible  guidance. 

Consultancy 

We can undertake either short or long  term 
investigations, and provide a consultancy 
service  tailored to your +act rkuirements 
relating t c ' b y  of the following  areas: 

0 Work  related upper limb disorders 

0 Ergonomic  aspects of control  centres 

0 Acceptability of new items of equipment 

0 Workplace  ergonomic  assessments 

0 Safety surveys 

0 Human behaviour in the workplace 

I 

Our  aim is to provide you  with  help,  advice 
and detailed  recommendations on any Human 
Factors  aspect of your operation. 

, 
International For more information, 

Rail  Transport Consultancy please contack 0332 263386 
- 

and  Research 
British Rail 
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If you feel that  our  specialists  can assist you to  solve  your  current  problems,  please  contact us at  either 
the  Derby  Headquarters or the  nearest  outbased  laboratory. 

The  addresses  are : 

British Rail Research 
Scientificsenices 
P.O. Box 2 
LondonRoad 
DERBY 
DE248YI3 

Tel : 0332  264618 
Fax : 0332  264720 

British Rail Research 
Scientifichvicesktland 
59 CharlesStret 
GLASGOW 
G212PR 

Tel : 041  335  2640 
Fax : 041  335  3197 

British Rail  Research 
Scient5cServicesDoncaster 
4 Hexthorp Road 
DONCASTER 
YWkS 
DN4 O A E  

Tel : 0302  362402 
Fax : 0302  362992 

British Raid Research 
ScientifcServicesSwindon 
Bristol street 
SWINDON 
wilts 
SN15ET 

Tel : 0793 515049 
Fax : 0793  515646 

British  Rail  Research 
ScientificServicesCrewe 
Gresty Road 
CREWE 
Cheshire 
CW2  6EA 

Tel : 0270  532372 
Fax : 0270  532381 
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INTRODUCTION 

1.0 FAULT TREE ANALYSIS 

The  fault  tree  analysis is a quantitative  or  qualitative  method of 
analyzing  the  ways and means  in  which  an  undesired  event,  including 
an  accident,  occurs.  Trough  logic  network  diagrams,  the 

undesired  event are analyzed. For the  analysis , each  component has 
relationships and sequences of events  which could  cause an 

to have a specific,  constant  failure  probability.  The  components 
are  considered  to  either  operate  successfully  or  fail.  Partial  or 
degraded  operation  is  not  considered.  Anything  less  than  full 
operation  is a failure.  Once  drawn  and  probability  assigned, a 
complex  logic  tree  can  be  fed  to  the  computer  and  failures 
simulated  or  the  entire  life  activity  of  the  system. 

Beginning  with  an  undesired  event  (mishap  or  failure)  the  fault 
tree  analysis  reasons  backward,  tracking  events  that  could  have  led 
us  to  the  unwanted  happening. A model  (schematic)  of  the  system  is 
used  to  trace  the  contributory  events. Symbols portray  the  events 
in a treelike  network  developed  with  increasingly  significant  and 
detailed  events,  In  the  en  completely  independent  events  are 
reached. 

Computers  make  it  possible  to  process  large  amounts  of  information. 
The  computer  processes  information  logically  and  in a definite 
sequence.  If  numerical  values of the  probability of occurrence  can 
be  develaped  for  each  of  the  fault  tree  basic  events,  the  technique 
lends  itself  to  computer  programming.  This  is  particulary 
interesting  since  the  key  elements  of  the  fault  tree, AND and OR 
gates,  correspond  to  logic  gates  in  computer  use.  This  allows  the 
probabilities,of an event  to  be  calculated.  The  analysis  requires 
a knowledge  of  Boolean  algebra  and  access  to a computer. 

The  calculation  will  not  be  used  here. 
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A AB 
b 

FAULT TREE SYMBOLS 
AND condition (or gate): AI/ events leadrig 

into It from underneath must occur 
before  the  event  leading out of it 
at.the top can  occur. In a Fault 
Tree Boolean equation,  the AND 
condition IS generally  expressed by 
AB. A.8. or (AI(E1 = C 

OR condition (or gatel: Any event  leading into 
it from underneath will cause the event 
leading ow of it a t  the top to occur. 

OR condition isgenerally expressed by 
In a Fault Tree  Boolean  equation, the 

+, such as A + E = C 

A condttlon which  must be satisfied  before  the 
event  above the AND or OR can occur 

Any went hown in such a "hard'  wil l always be 
present  when the events in this tree m r  

A transfer  symbol:  the events which will occur 
where this is shown will be the same 
as where the inverted  triangle with the 
same identification is shown 

Possibility 

fire 
of 

L 

must be present after 

Fuel 
present 

Oxidizer Mixture is Ignition 
present flammable source 

I 
A 

Others 

Figure 26-3: Fault Tree Svmbols 
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QZrrUVTIFICATION OF SAFETY'S JOBS AT THE RAP paris Transport Authority) 
THANKS TO P L A L  mPERIENCE FEEDBACK 

By Gerald CHURCHILL and Mwhel FLAGES 

7, square F C k  Ne&-94684 VMCENNES CEDEX 
. RATP-Chrechon Ginkale-Ingkuene C%n.hle Techque 

\Vi the.  continuously maeasing complexity of systems, combined to the major con- of 
the R A P  to  guarantee  safe  transportation  the  company  strove  to  consider  man as part of the  system, 
in the same way as equipment or software. all the  more so as statistical  enquiries  show that man is 
directly  implicated in more or less evay accident or near  accident. 

Thus, &om this postulate.  considering  that man can  be as well "failure cause",  "remedial loop" 
and  especially that man is perfectible.  thoughts  and studies made by the  company huned towards two 
directions: 

- the  qualitative analysis of human error - the  quantification of that error 

As nowadays. in the  present  economic situation, &cult when padoxaly transport cost has 
to be very  low  and simultanuousty safety level has  to be very htgh, major role of these studies is 
marked by both  the  speciscity of railway jobs and  the  importance of those jobs Wed to transport 
safety. 

1. Qualitative analysis 

1.1 Goal 
Understandug the  mecanism  that  leads to an  error  must permit to propose  corrective actions 

to limit or remove. the  possible  appearance of the anaf?.sed error. 

1.2 "ethod 
The subtle understanding of the error mecanism relies  on  a data capture form (also called 

accident form) and on an analysis form. 

The data caphue form, which is peculiar  to  each type of the  considered job (driver, regulator, 
repairer...) is a local tool, used  nght after an event. comprising all the information that can be 
immediately  caught. 

Wr,-cever the job, information of this data  capture form must  permit to 6I1 up the analpis 
form which is common to d the jobs.  The Latter looks like a  grid of events concerning differeft 
headings directly linked to the stage, the type and  the  cause of failure as well as the type of behaviour 
peculiar  to man. 

As the  whole  set of all these quatitative works is strongly inspired by the ones made by the 
SSCF. this subject won't be further developed. 



2. Quantitative analysis 

2.1 G o a l  
RAWS doctrine  towards  safety goals consists.  whenever  it is possible, in s p e c m  them into 

quantitative terms.  Acceptance  of a system  relies  in  particular  on  the  monitoring of the  respect  of 
these goals by quantitative anaiysis methods (for example Fault Trees) in  which man is considered as 
an  element of the system. 

While quantification  of an equipment reliability is qutte e q  to do as rata of failures arc  well 
known. situation is definitely  different for man. 

As to  human  reliability,  plentiful  litterahire does exist  that  gives absolute failure probabilities 
spreading &om 1 0 5  to 10-1, or 1 in some  cases. As a  general rulet 10-3 would be used, without 
justification  except the fact  that this value turned out to  be the currently  admitted  equivalent of a 
barrier  in  the case of  safety.  Facing this problem  an  attempt of quantification  has been done for a 
few  safety's jobs peculiar to  the  company. 

2.2 Method 
Firstly, a s p e d  s t u d y  concerned 3 jobs which are: 

- the driving of a metro: - the  current  connecting  and c m t  cuning by a regulator. 
- corrective  maintenance in the  field of signalling. 

A first study was based  on the untimely crossing of normally absolute stop s i g n a h ,  on a given 
line and on a given period (yea 1992). This study called on statistical methcds and dowed with a 
95% confidence  level to have  quite a  precise  idea  of  the human error  probability that can lead to this 
crossing. 

2.2.1 The driving of a metro 

2.2.2 Current  connecting and current cutting 
This second study concerned  a regulator's error at the PCC (Centralized T d c  Control 

Room) during rughtiy operatings  of  permit to work when  there are some works or t d s  (1991 was  the 
reference year). 

Like the previous study. the error probability has been estimated calling on statistical methods 
at a 95% confidence level, 

2.2.3 Corrective maintenance in the field of signalling 
At last a third study was made, concenting  corrective  maintenance errors on signals pb.S, 

spreading  on two consecutive !,',-3rs (1991-1992). Contrary to the previous studies, as the f &t 
number of mtwent im during - 3t pe;~d was known, the arm probabdity has been eshaied 
without  refering to statistics. 

examples  make  it  credible,  at  least in a  first step, to give two values for safety's jobs; these values are 

3. Conclusion-Subsequent studies 

Although  obtained  results  make  reference to very few examples,  comparisons on these 



not W e d  to  the work itself but  to  the type of the task whether it is a "single task" or a "complex 
task". 

Single task P = 3.10-5 

Complex task: P = 2.104 

These valms caldated from real data.  obtained &om plant experience  feedback. take in 
account the whole set of normally faced situations. including  period of stress. contrary to laboratories 
trials where situations can be artificially simuiated in  independent wavs. 

These. figures. that must be used cautiously, have to be strengthened by supplementary studies 
talking Of: 

- other w&. - other exampIes of the already treated jobs ( the driving of a  metro on a longer period for 
esample...). 

I 
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Factors  o f  R u n n i n g  - over Accidents 
Involv ing   Sub-cont rac tors '  Workers 

E A S T  JAPAN R A I L W A Y  WORKERS' U N I O N  
By  H7ro l tazu M I K I  

1 Outline  of fatal accidents 

( 1 )  Accident  Report  (1987 to 1993) 

ny  (JR  East)  started business. Afterwards,  the  business  has 
In .iprll 1987 former  JNR  prlvatlsed  and  East  Japan  Railway  compa- 

grown  steadlly  and  ~t  llsts  the  stocks  on  the  Tokyo  Stock Ex- 
change  ~n  thls  autumn.  Thls is  the frult  of  an  all-out  effort  of 
employers and unlon. 

The  present  transportation  scale of JR  East 1 s  about as follows 

Traln  Kilometers  276  mlllions  (1992/3) 
Passenger  Kllometers 1 2 8 . 5  billions  (1992/3) 
Number  of  Tralns ( 1  day) 

Total  12,186 
Shlnkansen  lines 208 
Other  llnes  11,978 

Number  of  Passengers  (1  day) 17  millions 

The  traln  accldent  has  greatly  decreased  from 376 of  1987/8 

of  1992/3  (Chart 1). Thls  decrease is supposed  to  owe  to our 
(Fiscal  year  begins  from Aprll and  ends  to  March In Japan) to 210 

serious effort  on  safety  and  the  safety  investment,  whlch  amounts 
to 1 billlon U.S. dollars  from 1988 to  1993  fiscal  year, 
The  traln  accldents  surely  decrease  but  the  fatal  accidents 
involved  ~n  track  and  electrlclty  maintenance  workers,  whose  work 
1 s  lndlspensable to the  operation,  do  not  decrease. 

Chart-2  shows  the  number of the  fatal  accldents  involved  ln  sub- 
contractors'  workers  from  1997/8 to  1393/4  (1993/4's figure is 
hprll  to  September). In 1987/8,  the  first  year  of  new  company, 
the fatal accidents  were SIX and SIX workers  were  killed  but for 
the  next  two  years  they  dramatically  increased. 

In  such  s~tuatlon  East  Japan  Rallway  Workers'  Unlon (JREU) tack- 
led  the  safety  issue ser~ously.  JREU  set  out  "Union  Policy 
Forum"  to  discuss our policy  and  propose  the  alternative  plan in 
1 9 8 8 .  In 1989 we  studled and discussed the  accldent  prevention 
and  safety  measures  in  "Unlon  Pollcy F o r u m " .  Then ln 1990  we 

discussed  wlth  world  rallway  unlons  and  management.  After  these 
held  the  "Internatlonal  Rallway  Safety  Conference" In Tokyo  and 

events  the fatal accldents  were  reduced to only  one  (one  death) 
ln  1991/2.  But we had  seven  accldents  (nlne  deaths)  in 1992/3 and 

1 



tkree (fi7:e ueaths) f o r  the i l r s c  SI:< months in 1993/4 

There : s  a  kave  motion : n  rb .e  a cldent  number ~n every  fiscdl 
:’ear, though :t 1 s  necessary ‘,a watch the transitlon  ~n  the f u -  
ture. 

(2) The causes of fatal accidents 

The  causes o f  the  accidents tnat  happened  for  the  latest S I X  and 
a  half  years  are  that  runnlng - over  comes  flrst, fall second, 

over  accldents 1s 21 out of 4.6 (-15 7%) and  the  number  of  deaths 
electric  shock  thlrd  and  others  last.  The  number  of  runnlng - 

caused by i t  1s 29 out of 5 4  (53 7%). Recently,  several  serious 
accldents  happened;  four  workers  were  kllled  at a time in Novem- 
ber 1988 when  they  began preparation work  in  tracks  wlthout 
conflrmlng a traln’s  comlng.  Afterwards,  two in March 1990, 

nlng - over  accldents. 
three  each In March  and  June 1993 were  kllled at a tlme  by  run- 

Conslderlng  such  cases I would  llke  to  examlne  the  factors  of 
runnlng - o v e r  accidents. 

2 Orderlng  and  Workrng  System of Track  Maintenance 

(1) Sub-contract  system 

The  malntenance  work,  such  as  railway  tracks,  has  been sub-con- 

East  cover  a  part  of  Jobs  except  for  lnspectlon.  Especial  heavy 
tracted  slnce  Japanese  Natlonal  Rallway’s  age.  Employees in JR 

Llbra  Jobs  are  done by  sub-contracted  workers. 

There  are  several  ten  companles  that  undertake  the  malntenance 
work.  They are called  “co-operat  ion  company”.  The  maintenance 
work o f  rallway tracks  and  electrlclty is largely  owing  to  them 
in JR East.  Usually  a  co-operation  company  employs  about 100 to 
3 0 0  workers  and is, of course,  an  independent  corporation.  Many 
managers  and  workers  of  JR  East  get a   ob in  it  after  their 
retlrement. 

In  practlce the employees  ~n the  co-operatlon  company  are  respon- 

manager.  But  co-operatlon  company  does  not  send  their  own  workers 
slble  for  the  work  as a slte  deputy,  chief  engineer  and  site 

ness  who  always  undertake  thelr  work from co-operation  company. 
in  many  cases It contracts  wlth  other  small  sub-contract  busi- 

The co-operatlon  company  not  only  gets  orders  from JR East  and 
gives it  to  the subcontract  company  but also provides  the  safety 
and  technology  educatlon,  and  helps ~t flnancially. 

The  order of malntenance  work  from JR East  isn’t  glven  throughout 
the  year  constantly.  Although  ~n  the  beginning  of  fiscal  year the 
amount of order 1s not  much, i t  increases greatly  in  the  end. 
This  tendency 1s lmproved a llttle now  compared  with  the JNR era. 
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1 2 :  Xork  sys-em 

The xortiers ~n  the  sub-contract  company  undertake  actual  work In 
ralirday tracks  and  electrlc  facliltles.  The  sub-contract  company 
IS usually so small,  has  about 10 t o  30 workers,  that  the  boss 
hlmself  has to work  sometlmes. A party of workers  consists  of a 
slti. manager, a foreman  and  workers. I t  is about  ten.  When they 
work along  cracks that are  ~n  servlce a traln-watcher 1 s  required 

construction work. 
ar the slte  The site manager IS responslble f o r  controlllng of 

I t  IS prohibited in Japan by  law that  the  flrst  contractor (co- 
operation company)  passed  the  whole  order to the  third  company 
(sub-contract  company).  Therefore  the  site  manager is always the 
employee  1n The co-operatlon  company.  He  conducts  and  supervises 
subcontractors' iiorkers. The  traln-watcher 1s appolnted  among 
workers  and he has  to  devote  himself  to  watch  trains  without 
dolng  other ~ o b s .  

The  workers'  salary of the  sub-contract  company  depends  on  how 
many  tlmes  rhey  work a month, that I S ,  the dally wages  accumulate 

workers  who want t o  work both at daytlme  and at night to  increase 
f o r  a  month and  we  call I t  "Dally  wage  salary".  There  are  many 

the  income. 

When  they 1,'oi-k ln the tracks that are  ~n  service,  they  have to 
submlt a work  plan to the  slte-controlling  office  of JR East  and 
discuss  the  tlmetable  of  trains.  Occasionally an employee  of JR 
East  inspects  the  work,  but  ~n  most  cases  the  co-operation  compa- 
ny dlrects  the  work. 

( 3 )  Requests  from co-operation company 

The  standpolnt  of  co-operat~on  company is weak of course In the 
relatlon  between the purchaser  and  contractor  though it is equal 
in the  legal  term. A s  a result  this  relation  tends  to  inhibit 

JREU  and  unlons 1n co-operatlon  companles  formed  the  federation 
the  co-operatlon  company  from  request~ng its demands to JR East. 

organization,  called  "JR HIGASHI ROREN"  and  have  made an effort 
as  ?he  same  workers  almlng at solvlng  the  problem. 

The  unlon  leaders ~n the  co-operation  companies  requested us 

ents. 
followlng  matters,  when  we talked  about  the  runnlng-over  accid- 

First,  they told us that  contracted  work  should  be  at  the  same 
level  through  the  year.  Slnce  the  construction  order is not 
level,  there  are  actually  two  seasons,  busy  and  idle,  however. 
When a lot oi order 1 s  undertaken at a tlme  they  become  busy  and 

elght lnstead  of 10 workers  belng  under the  rlsk,  whlch affects 
i t  1 s  very  alfflcult to  recrult  workers. So they  have  to work by 

safety  measure.  When  there I S  not enough  work  and  such  period 
contlnues  for long tlme  the  workers  cannot  get  salary  sufficlent- 
ly and  they  nove to another  job  sometlmes.  Moreover  the  tension 
wnlch 1s requlred  at work to  keep  safety  cannot  be  maintained. 

3 



Sest, they told us a technologlcal  development  should  be  intro- 
5uced  They  hop2  that  safety  equlpment,  for  instance a handy 
::'aln zsproach warnln:: machlne,  wlii  be  Introduced to keep  safety 
ngt  deprndlng  on  only  traln-waccher's  attention.  In the past i t  
t.as been  lntroduced but needs a cable  and  takes a tlme to con- 
nect  to l t ,  so lt was not convenlcnt to use.  However,  the  traln 
approach  warnlng rnachlne o f  wlreless  type to whlch  even  the train 
number can be ldentlfled 1 s  trled  almlng  at practical use in two 
ilnes  recently 

The thlrd request they t o l d  us : s  to make  good  clrcumstances  that 
J R  East  and the co-operatlon companies can  talk  about  anythlng 
concerned  frankly.  The co-operation compan.  as a contractor 
st111 cannot  speak  to  the JR East  as a purchaser.  When  an  accld- 
ent  happens  once,  the  co-operatron  company 1s u:ually  blamed  one- 
slded and  JR  East  requests  the  plan  of  new  aLcldent  prevention 
measures to the  co-operatlon  company. As a re>ult, the measures 

They  requested the  s:mpllflcatlon of  measures  and  to make a good 
become  complex  and ~t 1s dlfficuit to execute in the  work place. 

Easr . 
circumstance ln whlch  they  could  dlscuss  every  thing  wlth J R  

In addltlon, they also  requesred  the  mechanlzatlon of work  and 
lntroductlon o f  new  machlnes to  lmprove  thelr  workers'  environ- 
ment.  In  Japan  young  people  dlsllke  dlrty  Libra  work,  such  as 
malntenance  work  ln  rallway  tracks.  The  present  workers  have 
become old  between 5 0 ' s  and 6 0 ' s  In average.  The  shortage of work 

to solve l t  and  promote  workers' generatlon  change. 
force 1s a serlous  problem  for them  and  mechan~zatlon is assumed 

3 .  Recent two accldent  cases 

( 1 )  Case A - Mito  Station  Accldent 

Three rall-track malntenance  workers  were  killed In Mito  Station, 
whlch  was in 120  km  north  from  T-kyo, at 1:03  am  on  3rd  March 
1993.  Thelr  duty at that  nlght w. to  lnstall  automatic  oiling 

work  earller, they  began  to ins-.,ll the  device  to  the  another 
devlces to the polnts. A s  the wort: :g  team  finished  its  scheduled 

polnts that was not  on  thelr worklng plan. 

Usually there was no traln In that  time-zone but unfortunately 

arrlve later.  came  into  the  statlon  earller  than  the  express.  The 
the  express  traln  delayed  and  the  freight  traln  which  was  due to 

arrlve.  The  express  delayed by some 30 minutes. It arrived a; the 
frelght traln came  lnto  the  platform  that  the  express  was  due to 

platform next to the  frelght  traln  and  started  soon  afterward. 
Just  after it started  from  the  statlon the accident  happened at 
the  321 A Polnt. 

The  slte  manager  was  an  employee ~n JR East who was on loan t o  
the  co-operatlon  company  at  that  moment.  He  had  worked in the 
local  maintenance  off  ice for about 20 years, s o  he  thought  he 
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-ir.t.r \ .'el! a o o u t  -.:a station y a r d   l n c l u d l n x  tlme t a b l e .   H o w e v e r ,  
r.?* t r a l n - w a t c h e r   2 1 d   n o t   n o t l c e   t h e   e x p r e s s   r u n n l n g   t o w a r d  thelll 
a e c a u s e   t h e   f r e 1 g r . c  t r a l n  s t o p p e d  a t  t h e   p l a t f o r m   w h e r e   t h e   e x -  
? r a s s  \<as d u e  t o  z r r l v e .  ;s & r e s u l t ,   t n e  s l t e  manager   and   two 
.~.o:iers w e r e  r u n  c ~ e r  a n d   k i l l e d .  

I ? .  C a s e  B - Kash:.y,addl S t a t l o n   A c c l d e n t  

' . . c  d c c l d e n t   o c c u r r e d  a t  2 . 3 7  am on  19 J u n e  1993  I n  K a s h i m a d a l  
S t l r l o n ,   3 7 0  km n o r t h   f r o m   T o k y o .   T h r e e   ~ i o r k e r s  were k i l l e d  a t  a 
t l Z *  

I" ,, - 

Tihe s l t e   m a n a g e r   k a d  t o  l e a v e   t h e  s ~ t e  t o  t a k e  a camera l e a v l n g  

r n a l n t e n a n c e   c a r   a r r l v e s .   D e s p l t e   t h e   m e s s a g e   t h e   f o r e m a n   d i r e c t e d  
t h e   m e s s a g e   t h a t  Ehe w o r k e r s   s h o u l d   n o t   b e g l n   t o   w o r k   u n t l l  t h e  

w h e t h e r   t h e  l a s t  r r a l n  h a s   p a s s e d .   T h e   t r a l n - w a t c h e r   c o n s u l t e d  
t h a   w o r k e r s   t o  s t a r t  t h e   w o r k ,   a f t e r   a s k l n g   t h e   t r a i n - w a t c h e r  

t 1 ; r a t a b l e   c o p l e d   I i r o n g l y .  According t o   t h e  timetable, t h e   f i n a l  

t h e   s l t e   m a n a g e r  ;ame b a c k .  What w a s  w o r s e ,   t h e y   c a r r l e d   t o o l s  
t r z l n   h a d   a l r e a d y   p a s s e d   t h e r e .   T h e   f o r e m a n   h a d   s t a r t e d   b e f o r e  

a n a   m a t e r l a l s  t u r n l n g  t h e l r   b a c k   o n   t h e   c o m l n g  t r a i n .  T h e n   t h e  
a c c l d e n t   h a p p e n e a .   T h e   t r a l n - w a t c h e r   b a r e l y   e s c a p e d   b u t   t h r e e  
w o r x e r s   w e r e   k l l l e d   b y   t h e  t r a i n  

4 Exarnlnat I o n  

( 1 )  .I c y c l e   o f   f a t a l   a c c i d e n t s  

I n   1 9 8 7 / 8 ,   t h e   f i r s t   f i s c a l   y e a r   o f   J R ,  we h a d  s i x  f a t a l  a c c i d -  
e n t s   a n d  S I X  w o r k e r s   w e r e   k l l l e d .  For t h e   n e x t   t w o   y e a r s   t h e y  

3 ) .  I n  1 9 8 9 ,  J R E U  s t a r t e d  t h e   r a i l w a y   s a f e t y   c a m p a i g n   a n d  i n  
I n c r e a s e d  I n  p r o p o r t l o n   t o   t h e  r l s e  o f   t h e   c o n t r a c t   w o r k   ( c h a r t  

1990 w e  h a d   t h e   I n t e r n a t i o n a l   R a l l w a y   S a f e t y   C o n f e r e n c e  i n  Tokyo 
c o - s p o n s o r e d   b y   t h e   m a n a g e m e n t .   T h r o u g h   t h e s e   a c t i v l t i e s  we h a v e  
e s t a b l l s h e d   t h e  c o n c e p t  t h a t  we s h o u l d   n o t  blame t h e  w o r k e r ' s  
r e s p o n s l b i l i t l e s ,  we s h o u l d   c l e a r   u p   t h e  c a u s e  o f   t h e   a c c i d e n t s .  

J R  Zast a l s o   s e t   o u t   t h e   C h a l l e n g e   S a f e t y   c a m p a l g n .  A s  a r e s u l t ,  
a f t e r   1 9 9 0 / 9 1 ,   t h e   n u m b e r   o f   t h e   a c c i d e n t s   d r a m a t l c a l l y  de- 
c r e a s e d .   E s p e c l a l l y ,   t h e   f a t a l   a c c i d e n t  ~n 1991-92 was o n l y   o n e .  
B u t  I t  w e n t   u p   a g a l n   f r o m   1 9 9 2 / 3   a n d   f o r   t h e   f l r s t   h a l f   o f   1 9 9 3 / 4  
t h r e e   f a t a l  a cc lden t s  h a v e   a l r e a d y   h a p p e n e d .  

C h a r t - 4   s h o w s   t h e   n u m b e r   o f  f a t a l  a c c l d e n t s  o n   e a c h   d a y .  On 
Sundays  l t  1 s  t h e   l o w e s t   b e c a u s e  o f  t h e   l e a s t   w o r k   c o m p a r e d   w l t h  
o t n e r   d a y s .  On Slondays ~t 1 s  f a l r l y   ~ n c r e a s e d .   I t  i s  s u p p o s e d  
t k a :  t h e   m o r a l e  o f  t h e   w o r k e r s  1 s  n o t   h e l g h t e n e d   a n d   t h e i r   m i n d s  

tdedzesdays  l t  g o e s   o n   w e l l   b u t   t h e   a c c l d e n t s  I n  t e n d  t o  h a p p e n  
E r e   n o t   a d a p t e d  t o  work a f t e r   S u n d a y ' s  r e s t .  On T u e s d a y s   a n d  

phenomena a r e  s u p p o s e d   t o   r e l a t e   t o   t h e   p h y s l c a l   e x h a u s t l o n  of  
t o w a r d   t h e   w e e k e n d   b u t   o n   S a t u r a a y s   t h e y   f a l l   s l l g h t l y .   T h e s e  



~ , . o r k e r s ,  c.<haustion accurnulat~s  ~hrough  the daily  work, so that 
their ~ , ' o r ~ l n g  morale  become  normal  but  they  are  getting  exhausted 

o n  duty zn Saturdays. BuC we can  presume  that  the  rate of  the 
physlcsl!:. We do  not  have esecc data that how  many  parties  are 

accidents 1s pro~ably hlgher  rhan  other  days, the number 1s de- 
creases :".ough. 

Then : : e  sxamlne the accldents o f  each  month  (Chart-5).  Wlth 

the f i r s t  month of flscal  year, the work 1s not much, in May l t  
regara to the cyc!e of maintenance work ~n o u r  company ~n Aprll, 

Sovember :he work increases a n d  from  January to March,  before  the 
ralses ana in June and July  falls  gradually.  Between  October  and 

of  the  accldent ~n each  month  related to the  number of contract 
end o f  flscal year,  tends to ~ncrease.  We  assume  that  the  number 

work  and  amounts of  actual work, chat ls, the  later  increases  and 
the  former  goes up as  well. .i probablllty  of  the  accident is 
supposed L O  be almost  the  same  through the year. 

Factors o f  the  accldents  are  dlfferent  from  each  other  ln  the 
dlffereni. length  of  perlod  such as for a week, a month or a year. 
Generally,  the  factor of the  accldents is affected by a physical 

monthly cne and by a company or union's  stance and ~ t s  campalgn 
condltlon of worker ~n a weekly  cycle, by an  amount  of  work ~n a 

to prevent  the  accident in a yearly  one. 

After the safety  campalgns s ~ n c e  1989 by both  the  management  and 
union and after the  internatlonal  Railway  Safety  Conference  whlch 
appealed that the whole  employees  should  prevent  the  accident ~n 
1990, we  had  only  one  fatal  accldent  for  the  following  year, 
1991/2. :$e recognlzed that our motto or concept  which  estab- 
llshed in the Conference  was  rlght. 

(2) Examlnatlon of two  cases 

If the train and  workers  do  not  meet at the  same  time  and in the 
same  place,  the  runnlng-over  accldent will not  occur. So the roll 
of a traln-watcher 1s st111  important.  The  safety  of  workers 
mostly  depends  on  hlm. 

In  case A ,  flrst, ail members  from  the  site  manager  to  his work- 

must  always  pay  hls  attentlon  to  tralns but ~t 1s difficult to 
e r s  convinced  that  the  traln  would  never  come.  The  train-watcher 

contlnue to watch I n  such a dark  nlght.  Second, the  team  had a 
feellng that they  wanted to flnlsh  up  whole  the  work.  So,  they 
began  the  unscheduled  work. it 1s supposed  to  be a background 
factor of the accldent.  Flnally,  the  slte  manager  knew  the  site 
and  tlmetable so well  that  he  had a conviction  that  there  was  no 
traln  at that tlme. 

The  maln  factor ln case B accident L S  a wrong  tlmetable.  The 
another  factor 1s that  the  team  dlrected  by  the  foreman  started 
the  work in splte of the  slte  manager's  message.  It 1s unpleasant 
for  the  workers to work at nlght, so it  is natural  to  think  that 
they  wanted  to  flnlsh  the work  and go  home  to  rest. 
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T!IZ accldent  happens o n l y  ,:hen ~ 1 1  factors  were  completed.  In 
~ ~ p e :  ~,ords, l i  k d  remove an element we can  prevent  rt.  We  can 

',,'as not  planned, i b )  l f  the  express u ~ d  not  delay, o r  (c)  the 
s u ~ p o s e  ~n  case .<, (a) if they dld  not  work  on  the  place  whlch 

:rz;n-watcher dld pay  dttentlon to the  traln. In case E; (a) i f  
t n e  tr31n  tlmetable  was not wrltten  wrongly,  (b) if the  workers 
bes3sn to work on  schedule, or ( c )  the  traln-watcher  watched  the 

fhe  accldent. 
train -. . I f  we had remove  one  element  we  could  have  prevented 

Certainly, t o  avola  vrong  understandlng,  providing  correct  and 
r l n e ! y  lnformatlon to the iiorkers on  slte : s  very  Important.  But 
I belleve  there 1s another  polnt In preventlng  the  same  klnd  of 
accidents. 

There  are  many  runnlng-over  accldents  caused  by  an  "absorption 
mlstake" in the track  malntenance  work.  The  workers  who  absorb  ~n 

by :hem. However,  the  cause o f  the  two  cases  that I mentioned 
thelr  work  likely  can't recognize approachlng  tralns  and  are  hlt 

abo:'e 1 s  obviously alfferent  from  "absorptlon  mistake."  The 
vlctlms  of  the  two acc~denrs must  have  no  experlence  on  runnlng- 
over  accldent in thelr  some  decades of occupational  career. So,  
they  mlght  have  thought, "I wlll never be lnvolved in the  accid- 

r u l e s  or plans  and  caused  accldents. 
ent."  Wlth  this  groundless  convlctlon  they  worked  agalnst  the 

o r  r:ith plans. Now we  must  consider  what  they  felt  and  thought 
So, ~t 1 s  essential to know  why  workers  didn't  comply  with  rules 

pletlng  the  work in a short  time  made  the  slte  manager  commence 
on the scene. In the Mlto  statfon  accident,  the  motive  for  com- 

unscneduled  work. I n  the  Kashimadai  accident,  the  foreman  wanted 

manager  behaved  representing  the  interest o f  the  co-operatlon 
to finish  the   ob earller  and  directed  workers to start.  The  site 

company  and  foreman  behaved representing the  workers'  desire. 

A rallway  company  makes  work  plan  considerlng  safety  but  co- 
operatlon  compan~es o r  workers  see  the  work  from  thelr  own  view 
polnt.  We, the workers'  union,  must  make a further  lnvestigation 

w i l l  lead  us  to  revlew  the  actual  system of track  maintenance 
through  frank  and  eager  dlscuss~on  among  the  workers. T h ~ s  study 

..,lark ltself. 

5 Proposal 

(1) Yraln-watcher  and  new inachlne 

Ye  cave  to  say  that  eventually a train-watcher 1 s  not a final 

'..'orker he  sometlmes joins the work and,  as a result,  he  does  not 
stopper of the accldenr.  When ne 1s a  sklllful  and  experienced 

concentrate  on  hls  duty.  After the  two accldents JR East  made  the 
qua1:flcatlon of traln-watcner  more  strlct. 
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A t  :he present, to keep  safety or' constructlon  work  still  owes to 
:he traln  watcher.  He  can  concentrate  hls  work  when  there is 

.:e -11ght lose  hls  tenslon.  He 1 s  a human  and he cannot pay  atten- 
cercarn  denslty of the traiflc but when  there I S  very low density 

:\'archer but  we  also  believe  the  necesslty  of  machlne,  such  as  a 
tlon all  the time. We admlt  the  lmportance  of  the  roll of  train- 

:rain approach  warnlng  system, to supplement  the  fallure  of 
ireln-watcher. Stlll, the  machlne 1s not all. We  cannot  stop all 
trelns  durlng  the  malntenance w o r k ,  so we  have  to  reply  on  a 

ana send a slgnal to a traln drlver. 
Erein-watcher  who watch  the traln, let the  workers  escape  safely 

Fortunately,  we  are  researchlng  a  wlreless  traln  approach  warning 
system  almlng  at  practlcal  use  and  we  belleve it wlll be  intro- 
duced in a future. 

( 2 )  Communlcatlon 

!$e w i l l  never  succeed  ln  preventlng  accidents  by  "top-down" 
order  system,  that I S ,  l f  the  top  management  plans  the  safety 
measures  wlthout  conslder~ng the Ideas or oplnlons  ln  the  work 
place, they would not be  effectlve  and put ln  practlce. JR East 
contlnues the "Challenge  Safety Campaign" aiming  at  drawlng out 
the Idea  from  employees ~n the  work  place.  Quality  Control (QC) 
aczlvity 1 s  popular  among  Japanese  companies.  Our  management 
takes the method of QC actlvlty In their  campalgn. 

We  are convinced that  the  management's  attitude  toward  the 

meetlngs  among  people who concerned  the  safety  measures  are 
employees 1s important  and  we  also  believe  that  the  frequent 

companies or sub-contract companies, among  site  managers, fore- 
essential. For example,  between JR East and  the  co-operation 

men,  thelr  workers  and  supervlsors,  employees in JR East,  the 
meeting  should  be  free  and  frank to communicate  each  other.  On a 
basls of communlcat~on in the  work  place  we  should  create  an 

other  one can  polnt out of its rlsk wlthout hesitation. 
atmosphere and  relatlonship  that if someone breaks  the  rule  the 

Through  these  actlvlties  we  wlll  learn  the  importance  of  keeping 
safety and o u r  llves. We  mlght  emphasize  them  repeatedly  and  we 
belleve that we wlll create  a  klnd  of  culture  of  safety  among our 
unlon  members. 

( 3 )  IJorklng condltlon  and  management 

It 1s reasonable  to  thlnk  that  workers  would  llke  to  finish  their 
work  earlier  and  go  home  earller to take a rest at night. A site 
manager  always  warns r l s k  of the  accldent  but  his  workers  do not 
always  listen to hlm, so  they  have  to  work  under  the r i s k  o f  
accldents.  In  thls  sense,  an  accldent 1s lnevltable. 

First  we  lnslst  that  the improvement of  working  condition is 

a 



revlew  the  present  wage  system  and  worklng  shlft.  "Daily  wage 
-ndlspensable so h s  not to cause the accldent.  We  wlll  have to 

':lth a llttle  catnap  also  should be Improved. 
salary"  should  be  changed. :.Jigtlt work  cont~nued  from  day  time 

Second,  we  demand that constructlon  work  should  be  ordered  con- 
stantly  through  the  year,  because  haste w o r k ,  especlally in  a 

We  also  ask a rational  budget  system  and w o r k ~ n g  plans  that  the 
f:nal twe or three  months  of the fiscal  year,  causes  accidents. 

!+'orkers can  work steadily. 

Thlrd,  we  request that on the one  hand  JR  East  should  help  the 
co-operatlon  compantes  flnanclally  and l t  should  revise  unfair- 
relatlonship  llke  "strong  purchaser  and  weak  contractor."  On  the 
other  hand,  the  co-operatlon  and  sub-contract  companies  should 
make  efforts  to be lndependent  from  JR  East,  especlally,  in  the 
safety  and  technologlcal  educatlon. 

Flnally,  JR  East  should  not  demand  them  strict  regulation  and 
masslve  burden,  such as, on  method of the  englneerlng,  number  of 
workers or strict  safety  measures.  In  other  words,  the  co-opera- 
tlon  companies  should accomplish thelr  contract  by  their  own  ways 
belng  independent  from  JR  East. 

They  cannot run the  co-operatlon  company  without  considering 
benefits  and  they  cannot  conslder  the  safety  measures  without 
healthy  management. 

(4) Worklng  circumstances 

We propose  that JR East  should  take  the  idea  that all the  traln 
should  be  stopped  during  the  malntenance  work i f  it is impossible 

already  be  Introduced  ~n  Shinkansen  line. If we  lntroduce  this  we 
to have a sufficlent  lnterval of tralns,  though  this  method  has 

have to cancel  trains or change  the  operation  from  double-track 
system to slngle  one. If the  workers  work in a day  time,  they  are 
not tlred compared wlth working at nlght.  Recently,  the  company 
put  thls  method  into  practlce  as an experlment ln some  districts 

method  has  been  lntroduced  by  uslng  two-tracks.  We  call i t  
because JREU proposed  that. In four-track  line  of  Tokyo  area,  the 

practlce In four-track  llne  but  dlfferent in two-track  one be- 
"annexation  drlvlng  system".  Although l t  is easy  to  put  into 

cause  we  need  the  improvement  of  equlpment  and  faclllties. 

We  have to ask  understandlng to passengers ln order  that  we 

out that keeplng  safety  costs not only  money  but  also  passengers' 
Introduce  this  method  and  cancel  trains.  We  also  have to point 

But  we  belleve l t  I S  wrong.  We  must  say;  "Both  customers  and 
lnconvenlence.  We  have  a  saylng  ~n  Japan; "A  customer is a God." 

rallway  workers a r e  human  belngs. " We  have to ask our customers 
to  share the cost to secure the safety. 

In Shlnkansen  llne  there 1s not  daytlme  malntenance  work  and 
regular  lnspectlon at all. They work at nlght  between  the  final 



and the i l r s r  :rain since Shlnkansen  started In 1964. Whlle the 
line I S  operaclng, :ne operation controller  controls  the trafflc 
but whlle the lalntenance wo-..ers are  worklng the controller 1 
the nalntenance  departmenr c0: r o l s  the  traffic. A s  a result, thi 

Although, they nave  ilve hours at nlght in Shinkansen  but only 
running-over zcclaent harc.f happened in Shlnkansen line. 

two to three l n  the other  lines, So that,  the  workers  begin the 
preparation ' v o r k  before  tralns  stopped.  We  suggest  strongly that 
Shlnkansen  system  should be Introduced  to  the  other  lines  other- 
wise we  cannot  avold  runnlng-over  accidents  on  the  track ~n 
servlce. 

6 Conclusion 

When  the  accldent ~n Mito  statlon  happened,  "Kokuro",  Japan 
Natlonal  Rallway Workers Unron  whlch  once  was  the  biggest  unlon 
ln the JNR era,  merely  blamed  management's  attltude  in  safety 
measures  but  there I S  no  polnt In saylng so wlthout  alternative 
plan.  The  management ~n some  other JR companies  says in public 

This ldea 1s the same of "Kokuro". JREU believes that ~f we  do 
that trade unlons do not need to thlnk about  the safety issue. 

not  tackle  the  safety issue as our own  problem,  we  cannot find 
any  solution.  We,  therefore,  dlscuss ~t serlously  with  the man- 
agement. 

On the one hand  we  know  the  lmportance  of  securing  the  safety but 
on  the  other  hand, we  did  not  notice  and  evaded  the  responslbili- 

aim  of  trade  unlon 1 s  to protect o u r  lives  and  rlghts,  and  prom- 
ty of  the  accldents  which  lnvolved In contractors'  workers.  The 

ote our soclal  posltion.  The  value  of  life is the  same  and  we 
have  recognized  that It 1s also  our  aim to secure  the  lives  of 
workers ~n the  co-operatlon  and  subcontract compar:es. 

management 1s indlspensable  with  regard  to  the  safety  issue.  The 
In  conclusion,  we  belleve  that the co-operation of the  union  and 

but  keeplng  safety I S  a common  problem  between us. We believe 
stances  of the  unlon  and  management  are  dlfferent  from  each  other 

that we could  not  co-operate  wlthout  respecting  each  other.  We 
developed  thls  labour-management  relationship  overcoming  the 
susplclon  for yea r s  and we wlll maintaln  and  promote ~ t .  

Our wlsdom  and  effort  mlght be limlted and lt might  be  difficult 
to  prevent  runnlng-over  accldents,  but  we  believe  that  we  can 
reduce It. 

IO 
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Intrduction 

TO explain why BR chose the International Safety Fating system requires us 
to l& at  the backgrand of ER up to that time. BR was formed i n  1948 

by gwernment intexventian already taken on sane aspects of a  natimalised 
as an andgarnation  of four prlvate rallway  collpanies even though  they had 

ra i lway.  A t  that time BR employed  appraximately 500,000 staff. 

BR'S safety mmag-t at that time m i s t e d  largely of ensuring the 
safety of the passage  of trains and the safety of staff M l e  being  of 
ancem to local =gem was not seen as be- one the mjar issues of 
the day.  ?he nunher of staff fatalities did decline but chiefly as a 
result of the deaease i n  staff numbers and the cessation of s ~ n e  of the 
high risk tasks. 
BR mtinued to change, p a r t i c u l a r l y  to decrease in size, restructuring 
its managanent organisation on a frequent basis. " h i s  led to 
difficulties in  management crmtrol of the workforce since neither the 
m g e r s  nor the individual members of the wrkforce were necessarily 

displaced and therefore had no great amnitment to the task they were 
entirely sure what their job was or to w h n  they reported. Many were 

undertakhg. ?he  major  change which began to appear was the 
restructuring of BR i n t o  a cust-  focussed organisation, the kegmuq 
of the fomticn of the Busmess Units. 

me f i rs t  major influence on BR's safety philosophy in recent years was 
the fire which happened at  Kings Cross Mergramd Statim. Whilst this 
was strictly a matter for I c d o n  Lkdergnxnd and indeed the Fennel1 repCnt 
was directed in terms  of railways d i r e c t l y  a t  the Mergramd, the BR 
Board reccgnised that th- were significant issues which were just as 
relevant to themselves as they  were to Iondcn underground. ?hey 
therefore publicly  accepted  those  relevant recamnenktims of the Fennel1 
Inquiry and in 1988 appointed  Maurice Holmes, then D i r e c t o r  of Operaticms, 
as its first Director, Safety. Gne of his roles was to lcck at  the whole 
sa fe ty  -g-t systems within ER. Also in  1988 BR a&pted a policy of 
total qual i ty  management throughout its oxyanisatim. 

me processes that were  being set up were interruped in every sense by the 

external ( H i d d e n )  inquiries that followed. A g a i n  nethods Of marlaging 
accident a t  Clapham Junction i n  December 1989 and the internal and 

safe ty  came under scrutiny and BR was severely criticised for its existing 
systems. It had however already  detennined that it needed a system for 
auditing mmag-t processes for  safety. 

Director, Occupational H e a l t h  & Safety set up a d l  working gTXXp t0 

systems. That  working grovp recarmended the  use of the I n t e r n a t i d  
ident i fy  what audit systems were available for use in mgement 

sa fe ty  Rating System within BR. ?hat policy was adopted thxagh the 
internal manag-t processes of BR and accepted by the BR Board. It 
decided that it warld set up a team reporting at c;muP level which warld 
carry cut audit on behalf of BRB acrcss the whole of the railway a d  it 
also decided to recruit the leader of that team f r a n  cutside the railway. 

. .  

i 



Formation  of G r o u o  Safety A u d i t  

processes, frequencles and hence the size of the audit organisaticm which 
I was recruited i n  J ~ Y  1990 to reccmnend to  the Board the audit 

a d  be required to fulf i l  that role and then set up d lead that 
oqanisation. 

Pn ea r ly  task was to  identlfy the objectives of the mnagarent safe ty  
a u k t  process and they were listed as follcws: 

To lnform the BRB and lts o r g a n i s a t i d  wts the extent to which 

prccedures axe in  place which - 
policies, technical stadards, o p e r a t i d  standards and 

(b) protect the hedlth and safety and welfare of arployees 
(a) protect custaners and the general plblic 

(c) met wider industry best practice 
(d) meet the  requirements of the BRB safety prcgramne and 

safety plan 

?he total audit resource as well as auditing mgement  processes and 
procedures us- ISRS muld also audit: 

(a )  the developnent of p l ic les ,  standards and d e s  

(c) the maMgenwt of mtractors.  
(b)  anpliance w i t h  p l ic les ,  standards and rules and 

detemune how m y  audits d d  be carried out p a r t i c u l a r l y  us- I S .  
In  order to  determine the size of the organisation it was necessary to 

Unlt/h-ofit Centre fomtion an estimate had to be made  of just how m y  
Since ER was undergoing a signlficant reorganisation into  the Business 

auditable u n i t s  &d result. The identificatim  at  that time was that 

d d  take  for each audlt plus the times to audit the other activities 
there d d  about 124 audltable units and by an estimation of the time it 

indicated a b v e  shed that an organisation of s ~ n e  40 staff d d  be 

Business Unit and Profit Centre and for auditable units telm Profit 
required. It was determined that there wxrld be annual audits of each 

Centre level an audit d d  be carried out by the Group team about mce i n  
every 4 years. The need for  audit teams a t  Business Units and Profit 
Centres was identified and their role d d  be to carry cut audits below 
Profit Centre level on the other 3 years of a 4 year cycle. (Currenuy a 

of 67 auditors have been appointed. ?his roughly equates to 1 auditor 
total of 222 auditable units has been identified and a total thrmgkmt BR 

and 2000 s taff . )  

We identified a t  a very e a r l y  stage  that  there were signlficant dangers in  
a w m t i n g  permanent teams of audltors. They d d  very rapidly lose 
thelr identification with railway operatims and stad i n  grave danger of 
bemning isolated, inward looking and over judgmental. As a result we 
determined that  the  staffing of this team wxld be fron a sndl  core w i n  
m y  well bemne penranent or at least rather long- term w i t h  the majority 
of the auditors joining the audit team, staying for abcolt 2 yea r s  and then 
returning to their specialism within the railway. It was not fareseen at 
that time the nature of the managmt changes which are TY~J upan US and 
will make that system mre difficult to inplement. ?he principle howwer 
is still i n  my view canpletely valid. 
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It was also necessary to se t  up an auditing process which did not lead the 
-gene& team belng audited  to believe that they were simply being 
exarmned  by scme outside t d y  agalnst an arbitrary standard. ?he 

nnnag-t systems but in such a way as to support his a b i l i t y  to *- intention was to  glve  to the manager a anprehensive  report on his safety 

management rather than smply criticise it. this end a number of 
rmp3rtant declslons were made: 

1 .  that the audit  report kould only be sham to  toth the audited 

2 .  at the em3 of the audit he wxld  get an inediate  feedback and 

- g a  and his imnediate superior. 

time as b t h  it and its reamwdations had been agreed. 
that the draft rem would be discussed c d y  w i t h  him until such 

support him. 
In this way he d d  retain didewe that the process was to 

'Ihe only respect in which w e  have not been able to maintain this proces~ 
is when the Chief Executive  determined that he  wished to receive copies of 
the  audit  reports on Profit Centres. 

'Ihe process by which an audit is -led out is sham i n  the attached 
figure . 
AUDIT PLANNING e m s s  

A u d i t  P l a n  A g r e e d  6-15 mths prior w i t h  local manager 

Pre A u d i t  Call Telephone reminder 10 weeks prior  to audit. 

Pre Audit  Meetlnq - 4 w e e k s  prior to audit to plan and allocate audit 
elements wlthin the team - Teach the purpse of A u d i t  
i e  to mtivate mmgers t o  inpruve safe ty  maMgement 

Leave a briefing pack to  explain the process 
- Define the levels of -g-t 

- Review the previous audit and measuTe prcqress 
- seek awintment of an audit coordinator 
- Stress the need to  prepare for the  audit 

ODeninq Wet inq  F l rs t  day of the a d i t :  

- Reassure - the object is to help,  not criticise 
- Intrduce the  audit team 

- Canfirm the  audit plan in  detail 
- P l a n  a closing meeting 

m t  Usually by 1 or 2 auditors, 1 week on site 

C l o s i n q  m t i n q  011 last day of audit: 
- Debrief the highliqhts. Identify areas for 
urgent attention - Praise prcqress made 

L 
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draft  copy 
mute the  repart  withln 10 days and give  auditee a 

Facllitatim follm UD 
Visit  the local -ger 4 weeks after  the  audit 
Review  the  draft  copy and sign  off 
Gain camutmnt to an acticn plan prcduced  by  the 
local manager to implement  the  audit  findings. 

It  will be noted  that  great  efforts  were  made  to  ensure  that  the -ger 
being audited was aware well in  advance  the  dates of the audit and the 
questians  that  wcPrld be asked of him; indeed assistance wxld be given  if 
necessary to ensure that he understccd it. lb this end a great deal of 

of the @ua.5€olcgy was unfamilar to railway  managers.  It was also used 
time was spent  in  prahcing a users' guide to ISRS for the railway as sane 

to~~tetothenthatmanyofthedaytodaypirocessesthatthey 

w i s e d  because  it was titled  differently. 
mployed  would be acceptable under the  ISR.5  system and they would not be 

spllt into 3 sections to cover  the  various parts of  the UK. of  the 
~n order  to mer the  whole  of  the UK the  safety  audit  organisation was 

sectlans  were  in London and the 3rd was set up in  Darlington,  in north 
east of mgland 500Km north of London.  ?hey  identlfed  with  the  various 
management unlts of  the  railway so that as far as possrble  the  audit  team 
leaders  wculd  set up a relationship  with  the  managers  of  the un i t s  being 
audited.  If  for scme reason  auditors  from  one team took part in an audit 
m an area  covered by a different team It dc3 still be the  identified 

this  way  we  intended  to  develop a relationship between  the  auditors and 
team leads who would  discuss  the cutcane wlth  the m g e r .  Again  in 

those  being  audited. 

?HE AUDIT SYSTEM 

The  International  Safety  Rating  System is a proprietary  audit  system  ere 
the  questions  are  split  into 20 Elements as follows: 

1. 
2. 
3.  
4.  
5 .  
6. 
7. 
a. 
9.  
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

~~ 

18. 
19. 
20. 

Leadership and Mministratlon 
Managenwt  Training 
Planned Inspectims 
Task Analysis  and Prwedues 
Accldent/Incident  Investigation 
Task Observations 
Emergency Preparedness 

Accident/Incident  Analysis 
Grganisational  Rules 

Ehployee  Training 
Personal  Protective  Fquipnent 
Health Control 
R-qrame Evaluation  System 
Engineenng Ckntrols 
P e r s a d  Cmnnmications 
Grcup Meetings 
General Pramtion 
Hiring and Placement 

off-the-Jcb  Safety 
purchasing caltrols 
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Audited  management  teams can select  those  activities here they  wish to 
have  their  performance mitored but  their saxe is  always  recorded as a 

given  feedback as to haJ effectively  they  have  prqressed in their chmen 
percentage  of  the mximn pssible frm all 20 elements.  They  are also 

activities. 

The answers obtained  fran mgement interweus  are  checked fran 

not  desiqned to trap m g e r s  in a lie,  but to anfirm to them kw 
dcclrmentary evidence and by *le internews  with  enployees. ?his is 

are  designed to reinforce  the  fact  that  safety axws frun gccd 
effectively  their  activities  are  influencing  their  staff.  ?he  elements 

management including: 

Planning 
organis- 
leading 
controlling 

Audit  Findinqs 

?he  first  audit tmk place  during the late sumner of 1991 as the team was 
being recruited.  Haever  this  coincided  with a major part of EiR's 

by Organising for  Quality. As a result the full  audit prcgramne did  not 
reorganisation and the  overall process was delayed some considerable  time 

start until  the snnner of 1992. Ihe  early results were in absolute terms 
quite  disappinting  In  that  the  average  scores  were  in the order of 14 to 

reassured by a feedback fra ILCI that  the  average  of a l l  first audits 
15% although some organisatims scored m e  than 30%. We were samzwhat 

they had ever undertaken was of  that same order, m p s  1-2% higher, 
which we did not  amsider to be significantly  different. ?his gave us 
scme confidence  both in our am management and in the precesses we were 
using. As the n m h r  of  audits  built up it was clear that certain 
activities  were caning out  in  the  top  of  the  reoormendatims  time  after 

attached fiqure. These  are  listed  based on the  freaumcv  of the 
time aral the 10 mst significant  items king 1993 are ShaJn in the 

Following  the  audit,  recarmendations  for  action  are  made in each of the 
Elements  visited.  In  addition  the 10 or so mst imprtant 
recormendations  (irrespective  of  Element)  are  brought  forward  for the 
personal attention  of  the  senior mnager. It  is  interesting to note  that 
the  order  of  frequency  of  reccrmnendations has hardly changed. m e  top 5 
have been recamwdaticsls o n :  

Emergency Planning 
Planned INpections 

9.7% 

Persclnal Protective  Equipnent 
9.5% 

Accident/Incident  Investigations 
8.1% 

Safety  Policy 
8.3% 
6.0% 

( %  is of  all  of  the  nnst impoaant recarmendations) 

r 
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Critical  Success  Factors  in  Safety  Manaaement 

Analysis  of  audits has indicated a nmkr of  featurers which improve 
safety  perfonnmce and distinguish  better  audit prfcuming organisatims 
fran  others.  ?hey  include: 

1. 

2 .  

3.  

4.  

5. 

6. 

7. 

8. 

9.  

10. 

11. 

a"Em FRCN SENIOR AND MIDDLE MANA(;ERs to  enforcement of 
canplaince  with rules, procedures and safe wxking methods, 

behaviour is a pre-requisite. 
wnsistently  challenging non mnpliance to d-trate  that  safe 

THE AVAILABILITY OF A WELL-QJALIFIED SAFEfY PRF!?.SSIoNAL CN 'IHE 
TEAM. We found  this was a key  factor  driving the 

prcduction of improved safety systems, as a catalyst for change 
and a foclLs  for an effective safety annumication effort. 

A TEAM TWAT WORKS IN HA€UCNY. Gocd leadership is 
essential, but a daninant character resistant to change often 
stifled  necessary prcgress, either  deliberately or by  default, 
causing  inacticm on audit and safety plan/prcqramw initiatives. 

SAFETY O E J E l T W S  FOR M?W+GERS which are  specific,  measurable, 
achievable,  realistic and trackable.  Objectives  need to be 
related to Safety Plan and Safety proSramne needs. 

of  risk and needs. 
OBJETIVE SAEZlY IWt4GEMEN.T DECISICN "UX based on an d y s i s  

PXiXKXNG ACl'ICN PLANS FOLLOWING AUDIT AND OIHER KEY SAFETY 
REWRTS to ensure  improvements  required hapgen and are  clearly 
allocated to an indlvidual to manage. Early evidence  frun  nine 
seccmd occasion  audits  in  the 1993/94 p- indicates  that 

safety m g e m n t .  
lack  of  actlon plans are a factor  in  retarding  prcg-ress  within 

SA5ElY - Above  average  mmagement and supervisory 
training m safety mg-t techniques. 

MANAGEMENT ACCOUNTABILITY - Holding  managers to account for their 
objectives,  delegated  safety  performance  targets and actim plan 
delegations.  Still too many mnagers set  inadequate  objectives 
which are then no  systematically mitored to  gauge  the  level of 
achievement.  Accountability is vital to achievement and is  often 
a key  elanent  governing manag-t effort. 

MXI'IDRING CLARITY AND PEXEJXA'I'ICN OF C33MJNICA'I'IcRIS - Clearly 
cannnicating  decisions,  directives and policies  fran  the tCp to 

defined  measurable  criteria. 
the bttan of  an  organisation and mitoring achievement  against 

SYSTEMS XNIEQ?ATICX~ - Having lMnagement systms that  integrate 
fran the  top  to  the bttan of an organisatian,  ie one system,  not 
two or three unrelated or poorly  related cmces. 
EMPLOYEE D i V O L m  - organisaticn that invvlve the workforce 

not just the manag-t  team. 
constructively as an input  to  decision making at all levels, and 



2. 
1. 

3.  

4.  

5 .  
6. 
7. 
8 .  
9. 

10. 

mez-yency Planning - wider scope 
planned  Inspections - systematic  approach 
P e r d  Protective Equiprwt - assessrent  of  need,  greater 
aployee  involvement  in  &Ice 

mg-t cantrol failures 
Accident/Incldent Investigations - system  identifying h- and 

Health and Safety  Policy - general  iIQmv-tS 
control of Hazardous Substances  to  Health - risk assessnents 
~ m p  Meetings - nunthly management safety  briefing 
Inductmn  Training - Safety and Legislation  training for managers 
General  Safety  Rule  (Base 650 Recarmendatim) 
- less prescriptive des 
- identificaticn  of  general  principles  for a safety  system  of u x k  
mnagemmt Trainin¶ 

-is - frequency  of  reccrrmendations by elanent 

42% of  critical  recarmendations in 1 to 5 
62% of  critical  recarmendations  in 1 to 10 

'&is fonn  of  audit has been very new to E!? and m m g e r s  still had 
difficulty  in  understanding  the  requirements  of a g a d  safety  management 

recOgNse that  the  effective  way  of rnanaging safety  is to have a robust 
system  within  their  organisations.  ?here  is  still a need within BR to 

safety mgement system  which starts by  identifying  objectives to be 

achievement and then  feeding that back into  the  identification  process, a 
achieved,  putting  into  place  processes  to  achieve  them,  nonitoring  that 

virtuous  circle.  In m y  cases we have found that where the  objectives 
were not clearly  identified  there was no real precess of  feeding back to 
see how  effectively  they  have been achieved. 

m g e r s  and their  staff.  ?he  cultural  change  that we are seeking and 
lhere is a need to charqe  both  the  attitudes and the khavicur of  many 

amnitted by  their mrds and actions  to  cmpliance  with safety systems, cm 
that audit  is  attapting  to  identify will rely upx strcslg manag-t 

a clear  identification and cummication of  the goals and objectives  of 

workforce  by  tmderstanding  the h m  and organisational  factors  that 
the  organisation and a sharing  of  those  goals  by bth mnag-t and the 

-ern safety  behaviour,  particularly  in  areas  of rules donnance .  
Finally  it will be achieved by mtivating  others to change  their  khaviour 
through  training,  briefings  and  incentives.  ?his  will  involve  including 
safety  performance  in  the  management  staff  appraisal systm showing that 
ER is  cxmnitted to improving  its  overall  performance. 

Relationships  with  other owisation 

BR recognised that  it  could txsca~ totally  inward lcckinq wen using an 
audit  system  like  ISRS and it  determined a need to exchange  best  practice 
with  other users. '!b that  extent it was one  of  the  founder mgnbers of 
what is  called  the  ISRS  Users Grocrp in the UK. ?his aonsisted  of 10 or 
so of the major ISRS users including canpanies such as BP, PCwerGen, 
Laporte chenicals, ICI and others. We were able to corpare rrpthods of 
using 1% and also to  use  the g r m p  as a focus  for  discussicns with the 

system. ?his has been extremely  valuable in -standing kw m's 
International Loss control Institute who are  the mners of the ISRS audit 

safety  mnagement ccmpares with  with others in the industry. 

r 
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?he future 

BR is d q i n g  yet  another major  change and in  &x11 of  next yea r  will 
split   into 2 separate  organlsatlons. mltrack w i l l  control the  track 
xd lnfrastructure and have overall  respnslbllity  for  safety of the 
runnlng of the rarlway. BR w l l l  continue to  exist as an operator of 
t r a m  and a maintamer of the infrastructure der contract to Railtrack 
but it is intended that it w i l l  slmly sell off bth the train cperatiq 
ccmpanles thruugh  a franchise p m e s s  and the infrastructure maintenance 
organisaticsls. Hcw wlll this  affect the  audit processes? 

F i r s t  of all Railtrack w l l l  not take respnsibility  far auditing all the 

railway will be required to have its am safety rranagenent s y s t e n s  and its 
players cm the railway. Every organisation which is inv~lved in the 

own audit processes to ensure it keeps to them. Railtrack w i l l  have a 
supervisory role i n  this but w i l l  of carse, as a railway operator, have 
its c k ~ n  s a f e t y  managenent system and am audit prcrcesses. 

miltrack w i l l  use IS% within its cwn organisation. It will expect 
others to use an audit system and i n i t i a l l y  BR has indicated that it will 
continue to  use ISRS but once parts of it pass into the private sector, it 
will be up to their management then to  decide what system they will use. 
Railtrack will require !ht  an adequate system is used in order to 

have over 100,000 staff to start w l t h  and m l l  be a major user of 1 s .  
d m t r a t e  that the organisation is managlng safety adequately. BR will 

Lessons learned 

What uxlld we do i f  we had to start fran  scratch agam? I am satisfied 

which w e  chose the  audit sys tem was sensible. The way in which we set 
that the processes we w e n t  through were broadly correct.  me mew by 

way we were  domg it. The only aspect that I wwld do differently i f  we 
about the a d i t  processes, I believe, gave mnfidence to  management i n  the 

started again was that I wxlld set  strcolger requirement for the 

next. Very deliberately we tak the view that this was the issue that 
i q r ~ v e n e n t s  that I d d  have expected to  see fran one audit to the 

line management should resolve with cur advice. If we went through this 
prccess again then I muld be much mre involved i n  setting targets and 
gaining the ccmnitment of bth the  audited team and their mnagers into 
accepting and meeting the tatgets set .  I muld also seek to ensure that 

managers' perscrd objectives so that he  would  have a stake in  meeting 
the  significant remmnendations of the audit were included in the local 

those recammdations. 

Conclusions 

BR spent a significant time in determining the correct audit system for 
its needs and ensuring that it set  up the correct processes to intrcduce 
it. The use of the system has been valuable in  assisting mnagers to set 
up and use management safety systems within BR. It has also been useful 
i n  highlighting to the BR Board those areas where its safety plan and its 
s a f e t y  p r c g r m  can be focussed to  meets its aims and objectives. 

Ms300993 
(-1 /9) 
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GOOD AFIXRNOON LADIES AND GENTLEMEN: 

It is indeed a pleasure  for me to  share with  you  today, a number of successes that VIA Rail 

Canada has experienced with  its  Safety and Health / Loss Control  program  over  the past few 

years, while working with the International Safety Rating System (ISRS). However, before 

going any further, let me first tell you  briefly  how  VIA Rail evolved as a national passenger 

rail service in Canada. 

In January 1977, VIA was incorporated as a subsidiary of Canadian  National Railway and 

was  deemed to be a railway company on March 22nd of that  same year, following an elusive 

attempt by both Canadian National and Canadian Pacific  Railways, to jointly reduce 

inefficiencies and losses to their passenger rail services. 

As was the  case with Amtrak in the United States, it  was a belief in Canada  that a separate 

company, dedicated solely to passenger rail service, would serve the  Canadian public better 

than railroads whose principal activities were  the  transportation of freight. VIA was made 

a Crown Corporation in March 1978 and began its operations in April, initially  with the 

provision of Customer  Senices €or all passenger rail operations. 

L 

L 
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Operating on both  CN and CP trackage  throughout Canada, (roughly 8,500 miles), VIA 

remained  dependant on these two companies  for the provision of train control, operating 

crews, equipment  maintenance  and  a  number of other ancillary services, including safety, 

whlch at  that time. was primarily concerned with the safe  operation of rolling stock (as 

opposed  to occupational safety and  health). 

VIA'S head office IS located in Montreal.  and being organized functionally, Branch Vice- 

Presidents are responsible for speclfic areas of the  operation across the national network. 

VIA is organized In eight (8) branches and two (2) corporate departments: 

Branches 

Transportation 
Customer Services 
Equipment  Maintenance 

Marketing 

Human Resources and Administration 
Planning and Finance 

Legal Services 
Public Affairs 

Departments 

Internal Audit 
Corporate  Secretariat 

Decision making is centralized  through  a  Management Committee at  Headquarters.  This 

executive  commltte  ensures  the effective coordination of operations,  facilitates the 

management of VIA'S assets and monitors Corporate  performance. 

i r ~ ~ ~ ~ , , ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ - ~ : ~ ~ ~ ~ ~ ~ , ~ * ~ ~ ~ , , , , ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ - ~ ~  



The  three (3) operational  branches of the  Corporation comprise: 

Transportation - which  is responsible for  the safe and efficient movement of 

trains in compliance with all operating  rules  and regulations; 

Customer  Services - responsible for all guest  interaction,  thereby ensuring safety, 

comfort and quality service  for the travelling public; 

Equipment  Maintenance - whose responsibility is to provide  safe, clean, comfortable 

and reliable trains, that will arrive  on  time  and at  an 

acceptable cost. 

NOTE - These 3 branches account for 84% of VLA's current 4,595 employees 

By 1985, with the acquisition of stations throughout  Canada and  the construction of 

maintenance facilities  in  five (5) strategic locations: Vancouver, Winnipeg, Toronto, 

Montreal  and Halifax, it became evident to VIA Management  that  the  Corporation's 

infrastructure was  badly in need of a Safety and  Health program,  tailored to  the specific 

nature of VIA Rail Canada. 



A Corporate Health and Safety Director  was  appointed in  July of that same year, then 

reporting directly to  the Fxecutive Vice-president of Operations. Over time, however, and 

as the  Corporation evolved,  thls reportmg relationship changed; to  the Senior Vice-president 

of Human  Resources in 1987 and finally. reporting to the  General Counsel, Legal Services, 

I in August of 1990. 

I 
I department, were soon to follow. 

I 
The establishment of  VIA’S Safety Policy and speclfic mandate for  the  Health  and Safety 

The Corporation’s safety philosophy is simple, but  sound,  based on  the  premise  that safety 

is a  management responsibility, while at  the  same  time requiring that all employees work 

safely, as  a condition of employment. VIA Rail is totally commited to its Safety and Health/ 

LOSS Control  program,  and it IS Corporate policy to take all appropriate  measures  to ensure 

the  protection of its passengers, employees and the  public in general. while travelling in 

railway equipment. or while on company  property. 

In support ot its Safety policy, the  Health  and Safety department has been mandated to 

develop,  introduce  and monitor policies, standards and programs,  aimed at increasing 

passenger  safety,  protecting  the  health, safety and physical well-being of its employees, and 

protectlng Corporate assets  from  accidental loss. 



But for  minor changes over time, these two (2) cornerstones of Corporate direction to VIA'S 

Safety and Health/Loss Control  Program, have remamed  untethered. 

Although safety and health  were the initial concerns, the  broader  concept of h s s  Control 

Management was being envisioned. This was considered as being the most effective and 

systematic approach toward the reduction of risks and accidental loss to people, equipment, 

material and the environment, by exercising management  control of the exposure to all 

sources, (ie.  injury,  illness, damage, security related incidents, liability,  claims, etc.); through 

risk elimination, risk  reduction, risk avoidance, or risk acceptance. 

Basic and sound safety principles have  been  around now for a long time, in one  form  or 

another,  and it was not VIA'S intention  to reinvent the wheel. Following extensive research 

of the  marketplace,  for a program that could  be adapted  to VIA'S particular  needs, it  was 

decided in August of 1985, to affiliate with the International Loss Control  Institute (ILCI), 

{now the Loss Control Management Society - since being  purchased by Det Norske  Veritas 

DNV a few years ago}, whose mission  was, and still is: "The development and dissemination 

of knowledge and safety, health and loss control; and encouragement of general interest and 

activity in  these important fields throughout  the  world". 

i 

i 



Furthermore, VIA'S Corporate values; quality,productivity and responsiveness, melded in well 

with  ILCI's basic philosophy, which promotes quality, productivity and safety. Responsiveness 

to Its employees, is one of the ways that VIA demonstrates senior management's dedication 

to a safe work environment. 

One  other important  reason for choosing ILCI, was because of the excellent auditing tool 

this organization had to  offer.  The  International  Safety  Rating System is a  modem, state-of- 

the-art  means of measuring  the effectiveness of any organization's safety and healthfloss 

control program. It is common knowledge today  that "those activities that  cannot be 

measured,  cannot be managed. Without this yardstick, VIA would not have been  able to 

accurately identify the  strengths and weaknesses of its program activities, and consequently, 

would not know precisely where to place present and  future efforts, to improve the overall 

results of its program. 

That is precisely why VIA'S Safety and Health/Lnss Control  Program is based  on the 

standards of the  International Safety Rating System. These internationally  agreed  upon 

standards  were developed by the  International h s s  Control Institute, in Atlanta, Georgia, 

(of which VIA is a Corporate  Member), and serve  to  determine who does what and when, 

wthin all the activities of the program. 



Being generic in nature,  these  standards had to be tailored to fit into  the  railroad  culture 

and accommodate VIA'S specific needs. These  standards  are  an  important  and integral part 

of the Corporte Safety and Health / Loss Control Reference Manual, which  now guides 

management and employees alike on VIA'S consistent approach of program  development, 

implementation,  measurement  and control. 

To  enable the  Corporation  to effectively implement its program, all VIA safety professionals 

have  been  trained, qualified and licensed as Accredited Safety Auditors through the 

International Society of Accredited Safety Auditors Inc., an affiliate of ILCUDNV. They also 

report directly to  the Department  Director  at  headquarters,  to  ensure  their  independence 

and autonomy, which facilitates corrective/remedial action,  where and when required. 

To ensure high quality measurement of all program activities throughout the system, 

baseline, recognition or follow-up audits are conducted  annually by the  Corporate Auditing 

team, of all eleven operational units within the  organization: 

Equipment Maintenance ( 5 )  

Customer Services (4) 

Transportation (2) 



The audltor, or audlting team. will measure the degree  of  program compliance within each 

operational unit, against the ISRS criteria, using actual count, random sampling and 

professional judgment techniques. The auditor’s conclusions will  be derived from interviews 

with knowledgeable persons, record and documentation checks, verification interviews with 

all levels of site personnel and a physical conditions verification of the audited location. 

Once  the  audit measurements have been  completed,  the  results are recorded and scores are 

tabulated. This process will contribute  to  the overall rating of the safety program 

effectiveness. within any given operational unit being audited. 

In the event audit results warrant official recognition, the  entire  audit exercise is forwarded 

to  the International Loss Control Institute for verificatlon and validation, by a  Special  Audit 

Review Committee. For recognltion to  be awarded,  it is essential  that all scores be 

substantiated by submitted written documentaion,  that  must meet  the stringent  letter and 

intent of the ISRS. 

To date, all operatlonal units in the  Equipment  Maintenance  and Customer Services 

branches, (9 of the 11 auditable locations), have attained  international recognition in both 

the standard and advanced programs. 



To ensure the ongoing development  and improvement of the Safety and Health/Loss Control 

Program, a five year  plan  has  been established. following in-depth consultations with all 

operational units of the Corporation. 

A Master Audit Schedule is struck at the beginning of every calendar  year  and followed 

through  to completion. The audit results are communicated to local and headquarter’s 

management, and based on the identified areas of inefficiencies, objectives and action  plans 

for  the ensuing year are established. 

! 

The safety professionals play an important role at this stage of the process. They  provide 

the necessary guidance and coaching to  the local management  teams,  as  new  elements of 

the  program  are being developed and implemented, and those  already in place are being 

strengthened and refined. It is also critical that  the  approach  be consistent and uniform 

across the entire system, since Accredited Safety Auditors  from one location, are called upon 

to audit  the program elements within operational departments in other  parts of the country, 

to ensure  that unbiased and objective results are  obtained,  thereby sustaining the credibility 

of the program. 



! Management training is also an important  part of any Loss Control  program and although 

I VIA has been without a  centralized training function to address this area over the past  few 

years, a cost-effective Practical Loss Control  Leadership, (home study course), is being 

promoted in all operational departments system-wide. Here again, the safety professionals 

play a major role as qualified facilitators, leading the  groups through  structured discussions 

to  ensure  that all topics are clearly understood and  that  the training is thorough  enough  to 

ensure a broad understanding of safety management activities. 

I 

You might ask, "what are the key elements  that  have  contributed  to the success of VIA 

Rail's Safety  and Loss Control  Program?" 

I would have  to say, that it is due in large part  to  the consistency of VIA'S approach  to 

program  development  and  implementation,  and  the effectiveness of the tool  that we are 

using to  measure  the quantity and quality of management  control, namely the ISRS. 

Furthermore, all safety professionals are trained and certified Accredited Safety Auditors, 

which ensures a consistent measurement of program  performance system-wide. 

There is also  total  and  genuine buy-in by local management  and employees  alike. And one 

must  not  forget the total  commitment,  encouragement  and  support  provided by the 

Executive and Senlor  Management of the  Corporation; without  it, we would not be where 

we are today. 



1 

The results of auditing to  date, in all three (3) operational  branches, have demonstrated  that, 

inasfar as  the fSRS is concerned, VIA is  right up there  among the leaders in industry today. 

For example, the Winnipeg Maintenance  Centre  obtained an Advanced Level Three Rating 

in October 1992, placing them  among the top 10 percent of auditable  sites in North 

America, which had submitted audit  reports  to ILCI for verification and validation. (only 

41 out of 523 organizations were  awarded 3 gold stars in 1992). It  is also to  be noted  that 

VIA is the first railway  in North America to have received this level  of recognition from the 

International Loss Control Institute. 

The highest possible safety rating awarded by LC1 is Advanced Level Five (i.e. 5 gold 

stars). In 1992, only 3 organizations in North America  were  awarded  an  Advanced Level 

Four rating. None received 5 gold stars that year. 

We intend to maintain this momentum and direction and according to  our five-year plan, 

it is anticipated  that by the  end of 1995, all eleven operational units within VIA, will have 

reached the advanced level rating status, something that  management  and  employees alike 

can be very proud of. 

L 

In 1989, VIA established its base  year  for accidenthnjury statistical comparisons. Reviewing 

the  breakdown of frequency, severity and injury  index rates since that year, it can be readily 

seen  that  the  Equipment  Maintenance Branch, where  the risks of  accidental loss are  the 



highest. and where the Corporation had placed the major thrust of its Safety and Loss 

Control Program from the outset, improved their safety performance by over 63%. 

It was also observed that  the  number of accidents  and lost  work days had  decreased by more 

than 60% over  that same period. 

The  Toronto Maintenance  Centre, (VIA'S largest - 374 employees), and the Halifax 

Maintenance  Centre,  were  both successful  in working over 200,000 manhours without a lost 

time accident in 1992. 

Already this year, at  the end of the  second  quarter,  (June  year-to-date), significant 

improvements in safety performance have again  been realized, when compared to the  same 

period of the previous year: 

Customer Senices - 

Equipment  Maintenance - 

Transportation - 

and  the  overall system - 

58% improvement 

54%  improvement 

40% improvement 

50% improvement 

We realize that  measurement of inpry  experience is not  the only true indicator of an 

effective safety program, and we are  at present,  more excited about  the accomplishments 

stemming  from  the ISRS audits. However, there is definitely a correlation  between  both 

~ , , ~ " - ~ , ~ ~ , ~ ~ - ~ ~ " * ~ " ~ ~ ~ ~ ~ , * ~ ~ , ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~  



proactive and reactive measurements. and these bottom-line results are a clear indication 

that VIA'S Safety and Health/Loss Control Program is indeed on track, and heading in the 

right direction. 

VIA has come a long way  in the last  five  years. The past is behind us and high-speed rail 

may be  in our future. As safety professionals in the rail transportation industry, we are 

being challenged to provide the best possible advice to  management, and to develop specific, 

measurable, and  attainable objectives, that will ensure a work environment  free from 

accidental loss, and at  the most optimum cost. 

Thank you. 
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VIA RailCav2ada 
It is VIA Rail  Canada policy to take all appropriate measures to ensure the 

protection of its passengers, employees and the public in general while travelling in 
railway equipment or while on company properry. In following this  poiicy,  the 
Corporation will comply with  all existing laws 2 ~ d  take such other action deemed 
necessary in light of particular circumstances. 

To this end, it is Corporate policy to sustain a continuing p r o p m  designed to 
promote health and safety through  the educ2tion of all employees and to cooperate 
with organizations  and associations devoted to  safety research and education. 

Safety  shall be regarded by all managers 2nd employees as a prime 
consideration in the successful performance of their duties. IManagement is 
specifically responsible for the development and implementation of safe practices 
and procedures. 

conditions, health hazards and equipment or mechanical defects that may exist 
so as to provide  prompt and adequate corrective action. Accident prevention and 
the general level  of safety will be one  of the criteria used  in assessing supervisory 
efficiency and ability. 

Managers  at all levels will continually monitor situations to identify unsafe 

Employees  have the responsibility to perform their duties in a manner that will 
not jeopardize the safety of customers or adversely affect their health, safety or 
physical well-being or that  of their fellow workers. Reasonable precaution is also 
expected from each employee to protect the property and equipment of  the 
Corporation and that under its care. 

The  Corporation f m l y  believes that health and safety in the workplace can 
only be  achieved through total commitment on the part of management and employ- 
ees alike. It is therefore VIA policy to establish well organized joint health and 
safety committees  where required throughout the system,  that will also conform to 
the spirit and intent  of Part IV of the Canada Labour Code.  This applied philosophy 
ofsharing  safety responsibilities will further the foregoing objectives and conkibute 
to the enhancement  of a safer work environment. 

Chairman of the Board 
March 31, 1986 



PRACTICAL 
LOSS CONTROL 

LEADERSHIP 

L 

1. The Modern  Evolution of Management 

2. The Causes  and  Effects of Loss 

3. Management Control of Loss 

4. Accidenvlncioent Investigation 

5. Incident Reell and  Accident  Imaging 

6. Planned lnspectlons 

7. Job/Task  Analysis  and Procedures 

8. Planned Jobnask Observation 

9. Group Meetings 

IO. Personal Communications 

11. Employee  Training 

12. Job Pride  Development 

13. Problem Solving 

14 Managing  the Troubled Employee 

15. Property Damage  and Waste Control 

16. Occupational Health 

17. Fire Loss Control 

18. Off-the-Job Safety and Family Loss Control 

19. Special Problem Solutions 



KEY ELEMENTS TO V U  SUCCESS 

o PROGRAM CONSISTENCY 

o EFFECTIVE  AUDITING  TOOL (ISRS) 

o SAFETY PROFESSIONALS (ASA) 

o BUY-IN / OWNERSHIP 

(EMPLOYEES AND MANAGEMENT) 

o COMMITMENT AND SUPPORT 

(EXECUTIVE  MANAGEMENT) 
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AUDIT COMPARISONS 
12 ELEMENTS 

(1991-1992) 

s ELEMENTS PTS AWARDED PTS AWARDED % IMPROVEMENT 
JULY 1991 OCTOBER 1992 1 I 

1. Leadership and Administration 1.13 921.0 253 
2. hlamgement  Training 2.39 365.0  53.9 

' 3. PlannedInspections .3;0 102.0  52.1 

-. - I 
I 

4. Task Analysis and Procedures x X X 

! 5. AccidentAncident Investigations 4.34 471.0 
i 

9.2 
. 6. TaskOtxervation x X x 
i 7. Emergency Preparedness 397 1625 17.0 
1 5. Orpanizational Rules 165 X6.0 55.2 
; 9. AccidentAncident Analysis 65 * 205.0 2153 
j 10. Employee Training io1 .3i1.0 23.2 

11. Personal Protective  Equipement i 15 390.0 27.8 
' 12. HealthControI 212 368.0 52.0 
' 13. Program Evaluation System x X X 

, 14. Engineering Controls Y X X 

: 15. Personal Communication x 260.0 new 
' 16. GroupMeetings 2S1 326.0  14.7 
, 17. General  Promotion x 2'36.0 new 
: 18. Hiring and  Placement 3 10 313s 1.1 
, 19. Puchasing Controls 163 215.0 31.9 

20. Off-the-Jobsafety Y x X 

! 

TOTAL 3980 5668 
3915 *-  4969 26.9 

Not  included in final score in 1991  (12 elements only required) 
1991 -92  comparison of 12 elements only .* 



INTERNATIONAL  SAFETY  RATING 
Summary  Scoresheet 

Audit of: Winnipeg Maintenance  Centre 
569  Brandon  Avenue 
Winnipeg,  Manitoba 
Canada R3L OT7 

Date of Audit October  26-30,  1992 

Audi td by: Russ Blinco - ASA + 253 
Jeff  Erb - ASA 4i 51 7 

Summary of Ratings 

Element 
Points  Points 

Possible  Awarded Percentage 
1. Leadership and Administration  11701  921 .O I 
2. Management  Training 

78.7% I 
700 1 

3. Planned  Inspections 760 1 
368.0 I 52.6% 

4. Task  Analysis and Procedures 505 
502.0 I 66.0% 1 

5. AccidenVIncident  Investigations 6ao 
6. Task Observation 330 

474.0 1 
I 

7. Emergency  Preparedness 
0.0% 

770 462.5 I 60.0% 
8. Organizational Rules 
S. AccidenVIncident  Analysis 
10. Employee  Training 
1 1. Personal  Protective  Equipment 
12. Health Control 

450 
645 

13. Program  Evaluation  System 430 
14. Engineering  Controls 
15. Personal  Communication 
16. Group Me3tings 
i 7. General  Promotion 
i 8. Hiring and  Placement 350 
19. Purchasing  Controls 
20. Off-the Job Safety 

400 
250 0.0% 

10800 5668 1 52.5% 
Total Possible Points for  Elements  Evaluated 8775 5668 I 64.6% I 
Based on the  International Safety  Rating  System's  conditions Guide for Inspections, 
cr its equivalent, and as substantiated  by  audits  and  supporting records, what is the 
compliance with  workplace  standards  wirhin the organization? 
(See Physical Consitions  Guide  for Inspcfion,Byklet.) . 

0.0% 

TOTAL POSSIBLE POINTS 

95% 

Signature 

I /  
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4546 Atlanta Highway 
P.O. Box 1898 

Inside: ' 
Benefits  of 
Order 

Good housekeep- 
ing increases 
productivity, 
decreases costs 

............ .2 

Tioxide 
(Ma;laysia) 

Setting  the 
safety  standard 
in Malaysia's 
rocketing 
rnanztfacturing 
industry 

............ .3 

Great Lakes 
Bulk Carriers 

An Ontario  ship 
management 
company's push 
for  seaworthy 
safety 

............ .6 

ASA Comer 

ASA Licensing 
Requirements 

............ .7 

THE LOSS CONTROL 

LEADER 
Committed to the Success of Your Loss Confro2 Management Program - 1992 Spring Issue 

~~ 

The ISRS is ., , I . -ble 
by Liane Kofage 

system has an important place in Canada's pas- 
Canada-VIARailis proving that amodemrail 

senger hansportation mix. 
Internally, VIA'S improving  fortunes  are 

being  mirrored by tremendous  gains in 
workplace safety. 

dramatically; in the last two years, the injury 
Injury and lost-time numbers have dropped 

index (a composite of injury and lost-time 
averages) has fallen 44%. 

the year the carrier affiliated with International 
VIA'S safety program was launched in 1985, 

Loss Control Institute. However, full implemen- 

began in the last 2-3 years. 
tation of ILCI's International SafeqRding System 

In January 1990, VIA underwent a restructur- 
ing  due to a reduction in its annual operating 
subsidy from the federal government.  Shaken by 
the downsizing, senior management  laid down 

three fundamental corporate values-  quality, 
a long-term survival  strategy which stresses 

productivity and responsiveness- in every 
aspect of operations. 

For the safety program, responsiveness  was a 

Continued on PaPo 



Loss Control Management Goes Chinese 

- 

- 
Lnstfill, Taiwan's Industrial Training and Research Institute corn leted the translation o the Intematwnal Sa ty Rating System to Chinese. The 

.and the Accredited Safety Auditor course conducted in Chinese. For more information on wum dates and 1oourtians in Taiwan, omtact%-. Chun-Nan 
papular RCILoss Causation model is presented above. During 19&, the Institute toill oj& sir session: ofIL&s Modem Safely Mana ement wurse 

Lin at 886-3-595-6702. 

- way to  demonstrate senior management's 
.. dedication to a side  work  environment  Wherever 

possible,  headquarters  has  heeded the recom- 
mendations of VIA'S field  safety  people  and local 
employer-employee  safety  committees. 

Russ E.P. Blinco, V I A ' S  corporate  health  and 
. sa€etydirectorsaid,"Theprogramcouldn'thave 

succeeded  without  total  commitment  and s u p  

- .  
p i .  

"The broader concept of loss control  management 
was envisaged as being the most  eflective and sys- 
tematic approach towards  the  reduction of risks to 
people, producti~n,  equipment  and  the environment." 

Winnipeg, Halifax and Vancouver - were 
Last  year,  three of five  maintenance  shops - 

recognizedinILCI'sAdvanc~AwaidProgram. 
TorontoratedfivestarsintheStandardProgram. 

when  you consider that  for all four maintenance 
"This was a  considerable  accomplishment 

centers, this was their very first recognition 
audit,"  notes  Blinco. 

1977 as  a  government  corporation  to  take  over 
The Canadian  government  created VIA in 

Canada's  declining rail passenger  services. 
VIA'S inherited  fleet  was  decrepit - rhuch of 

it a throwback to the  early 1950s. Worse, a lot of 
maintenance  work was still done  outdoors. In 
winter,  employees  were  often  hampered  by  bit- 

4 



' majeFtic Rocky MounTaiirs. 

ter  cold  as  they  struggled to keep VIA'S aging 
equipment  serviceable.  Frostbite was a  real oc- 
cupational  hazard.  Quality and reliability  suf- 
fered  during this period, and VIA struggled for 
respect. 

In the  mid-l980s, VIA began to develop an 
operational  infrastructure similar to that of a 

was undertaken. Five  state-of-the-art  main- 
full-fledged  railway. A fleet-renewal  program 

tenance  centers  were  built.  Most of the  repair 
work  moved  indoors. 

Although  safety  was  the initial concern,  "The 
broaderconcept of loss controlmanagementwas 
envisaged as being  the  most  effective and sys- 
tematic  approach  towards the reduction of risks 
to  people,  production, equipment and the  en- 
vironment,'' said James Roche,  executive  vice- 
president and chief operating officer. "This, of 
course,  implies  the  application of professional 
management skills to the control of all losses." 

not  ride  roughshod over local  management, in 
VIA opted to phase  in the KCI program, and 

part  because  the  railway culture can be pret&y 
rigid when it comes to changing traditional 
ways. Bhco hired  a  staff of safety  professionals 
to start spreading  safety  awareness at each  loca- 
tion. Introduction of the InfemntionaZ Safety 
Rating Sysfm only  began in the last few  years. 
Management  at  each  location is free to choose 
how many of the 20 elements to start with. 

courage all departments  to  embrace as much of 
Over  the  next  five  years, VIA'S goal is to en- 

the  Advanced  Program as possible. 
Though  the  biggest hit came in 1990, VIA'S 

government  operating  subsidies will shrink by a 

sustain  its momentum, VIA must squeeze  that 
further  eight  percent  over  the  next two years. To 

much more  productivity out of the  system by 
deriving  the  maximum  benefit  from its human 
and material  resources. 

As far as Blinco is concerned, the ILCI pro- 
gram, with regular auditing,  can  help  make  that 
happen. 

payoffs - increased productivity and reduced 
The redudion in injmies has  brought  tangible 

workmen's  compensation  premiums - plus  a 
big  intangible:  better  morale.  The  emphasis on 
safety is fostering  a  greater  sense of teamwork in 
the  workplace. 

- ' W e  consider that the ISRS & had a strong and 
pervasive injuence on the  executive  and  senior 
management, as well as all VIA employees." 

Russ BL 
VIA Rail Corporate Health and Safety Direc 

and pervasive  influence on the  executive and 
"We consider  that the ISRS has had a  strong 

senior  management,  as  well  as  all VIA 
employees,"  Mr.Blinco  said."Departmentsnow 
more  readily  seek the advice of VIA'S safety 
professionals  when  developlng loss con- 
trol/prevention methods. And the  identified 
defiaencies  stemming from regular  audits in- 
variably end up as objectives in our planning for 
future program growth." 

VIA empIoyee (mnchinist) dehucking n sfenm genernfor 
carfor n scheduled prarentiue mnintenance inspection. 
Lmkin on, om lep fo ti ht James Roche, Executive 

Blchamp, Vice P r e s i d e n y  urpment  mfenance; 
Vice $resi&f and C h i e f C g n h n g  Ogr; Rqenn 

Mike Shnmnn, Director of tnnzpeg Mnmtenance Center. 

. .. 

nco 
:tor 
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Audit  is about to visit  a department usually  doesn't  meet  wlth  much 
The  word  "audit"  can  make  people shuddcr Notice  that Inter&' 

enthusiasm. 

what more  appealing - meaning. 
But  in  Health &. Safety, the word  has a  totally  different - and  some-. 

For  the  conscientious  facility  manager, the yearly internal safed 
audit is a  distinct  and  important  highlight of his organization's,  past 
E-month effort in program  development. 

It's a t ime when  successes are commended and shortcomings are 

and  long-term  objectives  stem from such identification, leading- to. 
clearly  identified - the latter taking on great importance since sh?r+<; 

even more success stones  in the future. 
It's  a  practical  and sensible approach. Put it this way:  would $<:. 

accept  a  prescription  without fmt seeing - or  at least spea@ng-&z - your  doctor? Would a bank's board of directors accept the annual % 

rimncid report  without t is t  soliciting the services ofan auditini 
The key is thii: nieasurement. If I am sick, I want to know e&tIy.: 

how  bad it  is  and  how  much  of  what medication I need to  geLw$l.% 
In banking,  the directors want to know how well  the  institution fared :: 
when  measured against established  objectives,  the  market  place-and; 
fluctuating  interest  rates. 

And for the serious corporation whose mandate it  is  to providqa:. 
; .< ": 

safe, efficient  and  attractive  mode  of transuortation to the travellini" 

,. L. .: " I. . 

. I  . -  

. .  

.. 
'. ? .. . . .--. ~ 

, .  . . : ... 

.,..>:-? 

._  -._ ._ , ..., 
I,, -2' 

. - I . i (  

national Safety  Rating  System auditing tool,  to  measure VIA'S c0.m-Z: 
This was done by verifying all major work areas, using ;heIn$r$; 

p h c e  against  internationally-accepted  standards  establish& by Ne::'. 
International Loss Contro! Institute (ILCI),  of  which VIA i<ayhg<i 
tered  corporate member. .::,:. .. x .A=<" 

. This process,  conducted by internal and extemal licensed ac+j$sLl 
> ~ ,lL.' 

ed safety  auditors,  enabled VIA to determine exactly whereits@&*" 
in its program  development - what does or does not  exist, tf?e.id$i$ 

a  road  map  for  present and future program  development. ..< ~ I& , 
ti?fication of strengths  and  weaknesses - and  helped us to draw?up ,; 

;Programs in Customer Services and Equipment  Maintenance haxei 
reached  a  level  where  they  warrant ILCI recognition - no:tding 
achievement. As a matter of fact, two VIA maintenance centres%;::_ 
cently  earned  gold-star  ratings from the  institute  (see accompanyiiig.: 
story).  Much < i e  and hard work has been  invested by CS and-$gT; 
employees,  resulting  in  many  tangible  benefits  such as reductions~~f$ 
lost-time  accidents  and  injuries,  a greater safety  awareness in the wo$kla 
place, and  the  pride  that  accompanies  any  meaningful  and  measura?? 
ble  achievements. . i.f, 

It must-  be clear by now that the auditing  process  associated with:: 
5 -.-x< : I .>,:.., i- 

. health, safety  and loss control is not dreaded but, rather,  is  expected . 
and desired. How else can safety  performance  be effectivelymeas-,: 
urd? How can  departments  be  recognized for their achievements and;: 
improvements  over  past  safety  performances? 

,._ .. ":,e I 

- -.=-** 

? 

. . ,.. , . 

. ~ "2. . .? 

public, it is essential lhatthelwelofits sa& Performance beknow!! More importantly, in our quest for excellence,  what  better way.is 
.. .:.:.: 

(i.e. measured)  and  impr?ved  upon at all times. . . ,?& ., ._. there to  identify  program  deficiencies  upon  which  not  to  attach bla@':,: 

Measure  performance 
- but rather to build q d  improve on. .$-G 

~ h i s  sounds. very basic, a d  it is. B~~ how do you measure safety!% HQ'S Russ Blinco,  department director, Health & Safity, is an ac-<: 
performance in such a way as to it meaningful and proac$ve'+ credited  safety  auditor. He has long advocared  the  importance  of lo&- 

I to people,  damage  to  property or loss to process. 
- before  any loss is permitted IO happen that could result in h&i;-. Control,  Which bdefmedbYILcIas 'any rnnnagementacdon direcr-:* 

. -.: , .I  

existence Of stand.arhs:O?'c 
ed  at  the  prevention or reduction of accidenral loss" in a  company.-' 

menr skills YO the  control  of losses; a syemaricapproach rowmd!h$.. 

I is  possible. 
j IiHealth& Safety, it wasn't necessary for us to reinvent  the wheel.:.:' 
' Safety  principles  and  standards have been around now for q n y ,  
~ ye3n in one form or another.  What was necessary, however, was to 

. ._,.- - . .  

,> .ll*" . ~ :p.>* 
, .L' , ;;.s 

. . . .. .. ~. , 
,, ..- 

.. 

.I$: 5 . .,..- ..% I . ,  Loss-conrrol  management is ?he application ofprofessional nqage-j  ' benchuk, without which no Of quantity*  value  OrqdtyT< e[imilmion of  dmmgmdi,lg  incidenE ard *Ile of risl;s topp:j" 
. I ._ 

Measurement necessarily the 
. .  
., . ..~ . - . . . .  , .- 

. I ple, producrion,  equipment  and  environment." 1. . 

determine  which  standards  would best achieve the desi@ results . 
shop or region. .. . .:: within VIA and,  more  specifically, within each branch, 

61' ji 

.. 
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International  gold-star . 

ratings for WMC and HMC 
by Bernie  Goedhart 

To most of us, it’s probably  only 
mildly  interesting  that two of VIA’S 
maintenance  centres have  won  gold- 
star safety  ratings from the  Interna- 
tional Loss Control Institute (JLCI). 

& Safety,  this is big news. More 
But to people who work  in  Health 

than they’d hoped for. A  break- 
through  accomplishment for VIA! 

tional recognition  in the area of 
“It means we’ve attained intema- 

safety and loss control,” says Jeff 
Erh, VIA Atlantic’s senior coordi- 
nator,  Health & Safety. “It puts us 
right up there.” 

tor for VIA; he’s the one who per- 
Jeff is an accredited  safety  audi- 

formed an exhaustive audit at the 
Winnipeg  Maintenance Centre. 

International  recognition 
WMC earned itself a  two-star 

gold  rating,  while  the  Halifax Main- 
tenance Centre was awarded a one- 
star gold  rating. C‘This  doesn’t 
m q n  one is better than the other:’ 
says  Jeff. ‘‘It’s just because W h i -  
peg chose to be audited on the ba- 
sis of 12 out of a possible 20 
elements,  while  Halifax chose 10. 
The important  thing is that both 
centres have attained international 
recognition:’) 

Jeff,  who is based in Halifax, was 
sent to Whnipeg because  “auditing 
protocol  says  you have  to  have an 
unbiased auditor; you  can’t audit 
your  own  area.”  Needless  to  say,  he 
is  delighted  with  the  ratings  received 
from the Atlanta-based  institute. 

prior to going through the recogni- 
“You do a baseline audit a year 

tion audit. ILCI has a  standard  pro- 
gram that awards  up to five stars, 
then the advanced or gold-level  pro- 
gram that awards another five stars. 

against the best in this program 
“At the  gold-star  level, you’re  up 

worldwide!”  Both Whipeg  and 
Halifax bypassed the standard rat- 
ings and  went straight for the  gold. 

“Word gets  out quickly about 
something  like this,” Jeff says. “In- 
surance companies such as Lloyd‘s 
of London,  for  example, are always 

a gold-star  safety rating ...” 
more interested  in a firm that has 

Jeff, who  came  to  VIA  four  years 
ago from  the  oil  industry,  has been 
involved  with  the  five-star  program 
for I5 years  and has been an ac- 
crcditcd  auditor  sincc 1986. “But  at 
VIA we  didn’t  really start auditing 
for recognition  until this year. ..” 
Management  principles . 

Safety is not a new issue.  “Over 
the past  years, there have been  many 
vogue  safety  programs - short- 
term  programs  that  were  in  style  for 
a while. But ILCI  took  a  different 
approach. It’s based on management 
principles - integrating  the  preven- 
tion of loss into  the way a company 
does business. 

“They first started using this sys- 
tem in  Africa,  in the diamond 
mines. There are maybe 3,Of.W f m s  
involved  with  it internationally now, 
but  very few of  them are railroads.” 
British Rail,  says Jeff, is one of 
those few. ‘They used  to  have  vogue 
programs for years,  but since that 
rnajor accident  a  couple of years  ago 
they’ve  opted  for the ILCI ap- 
proach.”  At  VIA, “under the  direc- 
tion of RUSS Blinco, we’ve tried to 
nurture this  program and now are 
seeing  the results.’’ 

program help “keep a cap on loss- 
Not only does the five-star  rating 

es, but it also results in  production 
successes.” The program helps  in- 
still a sense of pride in employees, 
and “employees  without pride - 
without  a strong work ethic - don’t 
produce.”  Even  university MBA 
(master’s business administration) 
programs now include loss control 
as a subject of  study,  says  Jeff. 

Controlling accidental loss to the 
company  has  always  been an issue, 
but at VIA “two divisions have 
made great strides:  Customer Serv- 
ices and Equipment Maintenance.” 
Baseline audits have been done  in 
Customer  Services at Halifax, 
Montreal, Toronto,  Winnipeg and 
Vancouver  %id  they’ll  probably go 
through the recognition  audits  in 
1992.” In EM,  the  Vancouver Main- 
tenance Centre had its recognition 
audit in  November  and, at this writ- 
ing, was awaiting  the ILCI rating. 

not only from the Health & Safety 
Legal  Services, too, is involved - 

aspect, but “Claims and Security 
also play an important part. C l a i i  
people, for example, can tell you 
that VIA pays about $3.5 million  in 
workers’  compensation  costs  a  year 
- a figure that can be greatly 
reduced by loss control. Not to 
mention  minor  injury  costs, 
property damage, and so on. 

Rail,”  says Jeff. “I see managers 
“I’ve  seen  a  big change at VIA 

who are truly committed to loss 
prevention. 



Weekly discussions 

Centre,  for  example, you can go up 
“At the Whipeg  Maintenance 

to  (director) Mike Shaman’s office 
every  week and you’ll see Mike at 
the  head  of the table  with  every one 
of his managers gathered  around 
while they discuss the  program.’’ 
ILCI has published  a  19-chapter 
course entitled “Practical Loss 
Control Leadership’’  which Mike 
and his team have studied. 

Jeff  admits that not everybody at 
VIA has bought into the  program 
yet.  “Sometimes  there’s a  resistance 
to  change, and the  railway culture 
particularly falls prey to that. But  in 

got to use the best mls possible. 
today‘s competitive  market,  we  have 

loss-control  program. We’re not 
“It takes time to  put in a  good 

alone in  that.”  But 25 per cent of  the 
companies going bankrupt today are 
in trouble  because of losses “and 
there’s no excuse  for  that  anymore ... 
“You can tell a company that’s in- 

volved  in loss control - the ones 
that are truly committed to it. You’ll 
know that the program  is in place 
when  you enter their  premises be- 
cause you’ll see it  from  cleanliness 
to  firofessionalism  to  productivity:’ 

The  year’s  reward - 
HcJifaX Maintenance Centre employees proudly display the vice- 
president’s  trophy, presented for one year  free of loss-time injury. From 

presented to each HMC employee; Brian Canning and Jim Hastings hold 
Iefi to right: Steve O’Laughlin holds an individual trophy such as was 

the  vice-president’s cup. (Phoro:  Richard Gaurhier) 



R Re The Railway Association of Canada 

FORMATION AND ACTIVITIES 

The Canadian  Railway  Association  for  National  Defence  was 
formed at a convention  of  executives  of  the  railways  of  Canada 
on  Oct. 23, 1917, at  the  suggestion  of  the  Canadian 
Government,  to  co-ordinate  the  activities  of  the  various 
Railways  with a view  to  ensuring the maximum  efficiency  in 
handling  troops,  war  supplies,  and  other  essential  traffic. 
Shortly  after  its  formation,  it  was  decided,  as a matter  of 

Railway  War Board. After the  First World  War  it was  agreed 
convenience, that the  name should  be abbreviated to Canadian 

that  the  work  had  proved  of  such  value  as  to  justify a 
permanent  organization  and, as a result,  The  Railway 
Association of Canada  was  established  at  the  final  sitting  of 
the  Canadian  Railway  War  Board  in  the  Windsor  Hotel,  Montreal, 
on  November 8, 1919. 

Canada  were  issued  on  February 26, 1953. 
Letters  Patent  incorporating  The  Railway  Association of 

not  fewer  than 50 miles  of  railway.  Railway  companies  who  are 
Full  membership  consists  of  railways  in  Canada  operating 

not  eligible  for  full  membership  may  be  accepted  as  associate 
members. 

out  in  the  Letters  Patent,  are: 
The purposes  and  objectives  of  the  Association,  as  set 

a) to  promote  generally  the  interests  and  efficiency  of 
railways  in  Canada  other  than  street  railways,  tramways 
and  railways  operating  primarily  as  plant  facilities; 

b) to  consider  matters  pertaining  to  the  operation  of 

thereto ; 
such  railways  and to make  recommendations  in  respect 

c)  to  make  representations  to  any  government, 
municipality,  court,  board,  commission,  association  or 
other  group  or  body  or  to  individuals  on  matters  of 
common  interest to members; 

. d)  to  act  on  behalf of the  members  either  jointly  or 
severally  as  the  members  may  from  time  to  time  approve. 

The  affairs  of  the  Association  are  conducted by a 
President/Treasurer  withheadquarters  and  staff  located  at 800 
Ren6-Lgvesque  Blvd.  West,  Suite 1105, Montreal,  Quebec. 

800 Rene-Levesque  Blvd West, Sulte 1105, Montreal,  Que H3B 1x9 
Telephone  (514) 879-8555 Fax (514) 879-1525? 
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Mr. R.H. Ballantyne 
President 
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MEMBER COMPANIES 

Algoma  Central  Railway 
BC  Rail  Ltd. 
Burlington  Northern  Inc. 
Burlington  Northern  (Manitoba)  Inc. 
Canadian  National  Railways 
Canadian  Pacific  Limited 
Central  Western  Railway 
Consolidated  Rail  Corporation 
CSX  Transportation 

Norfolk  Southern  Corporation 
Goderich-Exeter  Railway  Company  Ltd. 
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Southern  Railway  of  British  Columbia 
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Arnaud  Railway 
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Cape  Breton  Development  Corporation 
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GO Transit 
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THE RAILWAY ASSOCIATION OF CANADA 

It is  the  mission of The  Railway  Association  of  Canada: 

- to  promote  the  commercial  viability  and  the  efficient 
operation  of  the  Canadian  railway  industry: 

- to  act on behalf of,  or  work  jointly  with,  its  member 
companies  to  promote  public  policy  and  regulation  that 
provides  equitable  treatment  between  modes;  and, 

- to  provide  factual  information  on  the  railway  industry 

the  views  and  opinions  of  the  industry on public  policy 
for  the  public,  government  and  industry  and  to  provide 

issues. 

MONTREAL,  QUEBEC 
AUGUST 27, 1990 



1993 ANGERS 

26 October - 28 October 1993 
Hotel Memre, Angers,  France 

Paper 9324 

Gerald  Churchill 

Dependability  auditing: 
A new  function  in  the  company (RATP) 



International Railway Safety 

Seminar 1993 

r 
i 

DEPENDABILITY  AUDITING 

A NEW  FONCTION IN THE  COMPANY 

Gerard CHURCHILL 

General  Management 
Dependability  Responsible 

RATP 



DG 93-684 

DEPENDABILITY AUDIT 

1 

A NEW FUNCTION  WITHIN THE COMPANY 

by Grald Churchill.  Gerard  Le  Bouquin et Bernard  Beslin 

Genera1  Techmcal  Engineering 

i 

Auditing and inspection: two checks not  to  be confused! 

Auditing is one of those  trendy  words. whch we all  tend to use too often because  it  sounds  good, 

the minds of many  people  auditing  has  a  connotation of "inspection,"  whereas  in  fact the two control 
and  which. as a  result,  takes  on  meamngs,  which are often  very  far  from  their o r i d  definition.  In 

procedures  have two entirely  different  objectives.  The  type of inspection to which we refer  in this 
paper,  is an inspection in the etymological  sense of the  term.  Companies  sometimes use the term to 
refer to their Internal  Audit or more  often  the  term  is  associated  with  a procedure known as the 
"General  Inspection"  which  only  accentuates  the  confusion 

A  few definitions. 

was  applied only to accounting  and  financial  matters.  The unique role of the first auditors was to 
Auditing has its roots in the United States of the 1930s. It was an internal  company procedure which 

judge the effectiveness of management  procedures  and  make  suggestions for their improvement. This 
examine the accounts.  However captains of industry  soon  realised  that these "auditors"  could  also 

development  led to the  present  I.I.A.  (Institute of Internal Auditors) definition of internal auditing. 

"Internal auditing is  an  independent  assessment  of  control procedures operating in respect of a 
company's (or other organisation)  business  activities  It operates as a tool to assist the company (or 
other organisation.) The purpose of the assessment or control is to estimate  and  evaluate the 
effectiveness of other controls. 

Its aim is to assist members  of a  company (or other organisation) to carry out their responsibilities 
efficiently. To achieve  this aim the internal  audit  provides  them  with analyses, assessments, 
recommendations,  opinions  and  information  concerning the activities  examined.  It's  also  intended to 
promote  effective  control  at  a  reasonable  cost 

The  internal audit's sphere of operation includes the examination  and  evaluation of the adequacy and 
accuracy of the company's (or other organisation's)  internal control procedures, as well as the quality 
of work input in  carrying out given  assignments." 

Internal  auditing  was  introduced in France  at the beginning of the 1960s. The  French Institute of 
Internal Auditors and Consultants (IFACI) was  founded  in 1973 The Audit  Commission of the 
RATP has been  a member  of this  organisation  since 1975. The RAWS definition of auditing 
complies with the definition laid down by the I LA 



"Auditing is a  procedure.  whlch operates to assist the companv's  management, the ultimate purpose 
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ofwh~ch IS the control and evaluatlon ofthe operatlon ofthe Company  and  its  subsidiaries. 

actwitles (admmstratlve. technical and  financlal)  and In respect  of all systems,  whether  they are 
It involves  a  "second level" control.  which  has the capaclty to operate in all areas of the  company's 

affam (administenng Its  finances.  managmg  its output.  and  developing  its  activities)  and  to  safeguard 
operational.  Informatwe or pllot  schemes. to exerclse  effective  control over the Company  and its 

its assets " 

quality  audlting  first  came onto the busmess  scene  This  type of auditing,  which  has  similar  objectives 
In the 1970s. at  the  same time as  the  development of management.  financial  and  accountmg  audits. 

to those set out above.  is  more  specifically  directed  at the means of production.  French  Standard NF 
X 50-120 (which  complies  with I S 0  Standard 8402) lays down the  following  definition of quality 
auditing 

"Quality  auditing is a  methodical  and  independent  investigation  which IS undertaken to establish 
whether activlties and  results. In matters of qualitv,  satlsfy  predetermined requirements and  if these 
requirements are put into  operation In an  efficient  and apt way so as to reach  given  objectives." 

control procedure which complies with European Standard EN 29000 ( I S 0  Standard 9000.) The 
Quality auditing is one of the basic tools used in the process of validating the application of a quality 

operatlon of this process is set out in French Standard NFX 50-136-1 Quality  auditing may be an 
internal or external  procedure. At the RAP, an external audit is carried out to satisfy the company 
that a railway  rolling stock supplier's  production  is backed up  by  an appropriate quality  control for a 
particular product line 

advent of external audits particularly in the accounting sphere 
Note that the confusion as to the use of terms  has become accentuated in recent  years  with the 

Improving  and  maintaining  the level of company efficiency. 

The internal  audit is a  so-called  "second  level" control of in contrast to an inspection,  which is 
defined as a "first  level"  check. The main differences between an  audit  and an inspection are  the 
following. 

- an audit  is  a  non-systematic  check,  which  is  pre-programmed  and  officially sanctioned, whereas an 
inspection  is a continual control which  is often carried out on an ad hoc basis; 

governmg hierarchv,  whereas  an inspector acts on behalf of a direct superior in the management 
- an auditor, although attached to the management of the company, is independent from its 

hierarchy, 

- an audit evaluates the systems in operation and not the competence of staff, an inspection  can lead 
to disclplinary  sanctions  against  members of staff 

In summary, the fundamental  difference IS that an audit is aimed at improving the overall efficiency of 
the company,  whereas  an  inspection's  purpose  is to maintain the level of efficiency  by  ensuring that 
there is no deviation  from  prescribed  procedures  We cannot therefore sympathise with the auditor,  if 
his work is  perceived as a type of police  enquiry Often, those members of stafF who  are  the subjects 
of an audit have a  natural  reflex to hide  faults in working practices rather than bringing  them to the 
attention of the auditor. 

Dependability  auditing: a technical  control  over  new projects 

management process (such as accounting,  financial matters and  staffing.) There are no or  few 
As already  specified  above,  internal  auditing  has to date had a limited  scope,  dealing  only with the 

examples of companies where the internal  auditing procedures have  been extended to cover technical 
matters In the same  way that the efficiency  of  a company, or even  its economic survival depends on 
the best  possible,  sound  financlal  management, the dependability of the products or services  which it 
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for a publlc transport company 
supphes sometimes can take on  an  importance  which 1s Just as  crucial.  This is particularly the case 

each other 
Urban transport. particularly nowadavs, IS contionted with two aims  which seem to be  at odds with 

- cutting costs and  bringing  them  under  control  This  is an objective  which is achieved by major 
company  reorganisation  and by a  concerted  effort  to  improve  productivity, 

the semce provided  (which  is of paramount  importance.)  However,  avoiding  a  decline in safety 
- to reach  and  maintam a high  level of transport  service  availability  and  high standards of safety for 

standards is becomng more  and  more  difficult  as the level  required  reaches  new  heights. The 
authorities.  which  are  conscious of this situation have  themselves  been  stepping  up  action over 
number of years and  becoming more  demanding  in this matter  (safety  commissions,  supervisory 
controls. ) 

concepts of dependability  (preliminar?,  hazard  analysis. the Failure Mode Effects and  Criticallity 
For  new projects (e g  rolling stock and  fixed  installations,)  design is calling  increasingly on  the 

the RATP In  particular, the matters  relating to maintainability are the first to be addressed.  Research 
Analysis. referred to as FMECA,  fault trees) undertaken in co-operation  between  manufacturers  and 

and the manufacturing  process  favour  quality  control. 

Hence  recent  rolling  stock  should  have all the  required  elements  for the operator to be assured of 
dependability The problem  for the Companv is therefore to maintain  control over the level of 
dependability of its rolling stock over a  period of anything f?om thuty to  forty years,  remaining 
conscious  of the hazards to the force of habit 

- organisational  rigidity; 

- aging  rules and re-rations; 

- obsolescent  procedures; 

- processes  becoming  unsuitable 

- skills which are lost or for which there is  no  renewal 

This is why,  in  May 1990, the  management  of the RATF' created a "dependabiity auditing"  unit 
which completes the picture of the  existing  Internal  Audit as regards technical  matters. Dependabiity 
auditing is an  internal  audit,  which corresponds to the  definition set out above. 

The Characteristics of dependability  auditing 

An independent  contml which works  subsequently and independently 

In addition to those already quoted in our comparison  between  auditing  and  inspection,  internal 
auditing has two other fundamental  characteristics. 

- the logic of internal  auditing  subsequently  works,  hence  it  has  no  direct  bearing on the business 
choices  made by the  Company, 

- auditing is a judge and not  a  party to the proceedings, it  has  no direct role in  defining  standards, or 
drawing up of rules and  procedures, or putting tools and  aids into place, even if the principles  behind 
the  reasoning for such  actions are very  often  based on the findings and  recommendations of the 
auditing process. 

Auditing  can be categorised  either  according to the nature of the assignment, which is dependent on 
the expectations of the  person  requiring  the  audit, or by the subject matter under consideration. 

Under the heading  "nature of the  assignment." the IFACI distinguishes between three types of audit: 
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This  tvpe of audtt  is  carned out w-hen the requisite  rules exst. and  they are sufficiently  well-known 
and accepted. if the rules are wnnen we call  this procedure a  compliance audit. If the rules are 
implied or self  evident.  we  call  it a safety  audit. 

rules,  and that the  results are correct (in the etymological sense of the word ) 
The contormity aud~t is designed to verify  that work is undertaken in accordance with the set of 

The efictencj audrt 

This type of audit is effected  when  there  is  no  set of rules. the rules  are incomplete or they  have been 
challenged. 

The aim of  an  efficiency  audtt is to improve  the  working  rules  and  the quality of  the results. The 
efficiency  audit  is  generally  designed to venfy  the  suitability of  the process  used to achieve  objectives 
and the aptness of methods  and  procedures 

9 7ke mmtagemenr audtr 

If we are more  interested in the appropriateness of objectives with  regards to strategy and  policy, 
and  in the adaptation of structures to aims  and  objectives, the efficiency audit is transformed into a 
management audit. 

These definitions  also  apply to dependability  auditing 

As for the "subject  under consideratioa" the IFACI stiU only dimnguishes traditional audits for 
accounting,  personnel  and  companv structural matters. This doctrine is not easily  transferable to the 
concept of dependabiity. we  have  drawn up definitions,  which  reflect  the  vocabulary  used in quality 
auditing. There are three audit  headings: 

The proaha ~ I I  

This type of auditing is essentiallv  associated  with the product's individual specifications related to 
dependability  and the product's  consistent  integration into its operational sequence (e.g. auditing a 
brake  adjuster ) 

9 The procedure audlt 

to safety  objectives.  The aspects which are dealt with in  particular by the procedure audit are 
This type of audit ensures that the rules of dependability are respected, and that they are appropriate 

technical instructions and procedures for desim  productioa modfication and maintenance (e.g. 
audit of the maintenance procedure for a brake adjuster.) 

9 7he process at& 

This type of audit analyses the interaction of a  body of procedures operating  within an organisation 
controlling their suitability as regards overall  safety objectives. The process audit goes beyond mere 
technical matters to the actual structures in place (e g. auditing the process guaranteeing minimum 
emergency  braking ) 



A precise  methodology. 

There are elght stages to  the  auditing  process- 

1 Domtmeni research 
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The  audit  should be conducted  according to the  reference  materials, it is crucial  that  before  anything 
else is done.  all  basic  documentation in relation  to  the  matter  under  consideration  should  be  gathered 
together and studied 

2. Decxd1ng which  procedure to appiy 

Once  the  auditor  has  a  clear  idea of what  needs to be  done.  essentially  from the documentation 
studied,  he  should  think  up the appropriate investigatlon  strategy 

3 PIatmxng theJob 

necessary  before  final  planning  is done. It will normally require  a  meeting  with al l  personnel 
Planning  the job is done as a  result of the investigation  strategy. A preliminary  investigation may be 

responsible  for the sector to be audited. 

4 Investlgatron 

The  investigation  consists of interviews and  on  site  visits.  The  investigation  is  undertaken from the 
starting  point of a  questionnaire  drawn  up in advance  by the auditors.  It  should  be drafted in such  a 
way as to obtain  answers  from the interviewee  that are based on fact and not  opinion. On site  visits 
help to confirm the validity of the answers given to the questions put at interview.  The  auditor is 
bound by  an  undertaking as to the  confidentiality of the  documents  and  information  received by him. 

5 AW~YSIS ojthe results 

The  documentation,  the reports following  interviews  and site visits form the subject matter of a 
detailed  analysis to  confirm that the investigation  has  been thorough and to ensure the validity of the 
results. Any finding  which  may appear dubious will need to be  researched further. 

6 .  Drafing the report 

the  report is put  before  the  main  interested  parties in the sector audited, for their  comments or 
The  results of the analysis  and the auditor's conclusions are set out in a report, the draft version of 

observations. These should either be included  in  the report or annexed by  way of a  schedule.  The 
rule of thumb is to try to reach  agreement on the contents of the report. The audit report is 
confidential. 

7 lhe  plan of a&on 

the  action which needs to be taken which is then  attached to the report as a  concluding  note. In 
With  reference to  the audit report, and  particularly  its  recommendations, the Management  decides on 

response to this note, the  person or sector audited  presents  a  plan of corrective action. 

8. Follow-rcp 

The  follow-up consists of verifymg  that the plan of action has been  properly  implemented.  The 
auditor  must  satisfy  himself that the changes have  effectively  been put into operation and that they 
hlfil the objectives  set  out in the concluding note to the audit. 

Tools adapted for the purpose 

The  analytical tools used in dependability  audlting  depend on the type of audit.  They are obviously 
inspired by the tools used at the design stage which are adapted to 1161 the audit  objectives. 
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The  fact  that  one of the  special  characteristics of the audit  is  that it subsequently  works, means its 
object  is  operational. so the  auditor can  take  advantage of the  prospective of real experience,  which 
IS rarely  the  case when It  comes to preliminary  research  The  upshot is that  statistical  analysis is a 
tool frequently  used in auditing. 

B e  tool.$ of product  audtting  are the same as those used at the  desrgn stage 

analysis,  hazard  analysls  and  FMECA  (Failure Mode Effects  and  Criticallity  Analysis). 
The tools of product  auditing are the  same as those commonly used for safety  research: operations 

The first two tools are  essentially  for  getting to know the  product and its environment and to identify 
hazards  associated w t h  the  product 

FMECA fills in the  gaps in this  analysis  and  allows us to see if  each of  the faults in the  constituent 
parts of the product are covered by a procedure (and if  this is Justified ) To achieve  this an additional 

analysis is particularly  useful for complex  products. 
column  has  been  added to the FMECA  table to specify the procedure's  reference. This type  of 

?he procedure audit  has  necessrtated  the  creatron of new tools 

I For procedural  auditing,  the  product  auditing tools are also  used to become  well  acquainted  with the 

Cause and  Effect (or Ishikawa)  Diagram,  the Task Flowchart  and the Procedure W n c t i o n  
product itself From a  procedural pomt of view In addition to these there are three other  tools: the 

particularly uselid to the auditor in  identifylng  all  elements  exercising an influence on procedural 
Analysis  (PMA.)  The  Cause  and  Effect  Diagram,  which is well  known to quality auditors, proves 

investigation. 
matters  (technical,  human  and  organisatlonal)  and  therefore  helps to pin-point areas requiring 

The  Task  Flowchart sets out the order of tasks in the given procedure in the form of a planning table. 
It allows tasks to be separated, to expose  their  relationship one to another in order to the detect 
incomplete  branches of the  procedure or those  which  have  not  been  formally  identified. 

The PMA is an original tool created by the RATP which has the aim of evaluating the 

the elements  under  scrutiny are the  constituent parts of the product  are  replaced by the tasks in the 
appropriateness of certain  procedures. It is a  transposition of the FMEA procedure where instead of 

procedure,  and the causes of fdures are repiaced  by  production  elements  which are not consistent. 

In  addition to the columns  used for the FMEA, additional  columns for "level of gravity" and 
"remedial course of action"  have been introduced. 

The "level of gravity"  is the level  of  potential  consequences of any accident,  considering various 
hypotheses  relating to the malfunction. The "level of gravity"  respecting the procedure is the  level we 
would  have  obtained if the procedure had  been carried out perfectly. If the resulting  "level of 

~ gravity"  is  less than the  previous  value,  this  means that the task element is perfectly vindicated from a 
~ safely point  of  view If the  "level  of  gravity"  is  unchanged  this  means  that the task element is covered 

! 
by a  "remedial  course of action" or that  it is not  vindicated for safety reasons but by other reasons. 

Two types of "remedial course of action"  are  identified on the table,  systematic  ones which are 
introduced voluntarily  in the procedure, and indirect  ones  which are not anticipated  within the 
procedure In  estimating  the  "level of gravity," an indirect  "remedial course of action" is seen as the 
"worst possible  case"  meaning that it is inefficient. 

The PMA  can  be  transformed  into an PMCA, the equivalent of the FMECA for procedures by 
adding an "event"  column  and  a  critical  impact  column.  This  extension is sometimes a delicate matter 
because the probability of an  event  intervening  in the analysis of the procedure is very  often the 
product of human error. 
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e f i e  tool.c ofproce\v audmng are the f o o l s  of global At1a(v.sl.s. 

effectively  be  used  for  process auditing  The  other tools can be used  but  only to examine  a  product 
bong the tools described  above.  onlv  Risk  Xnalvsis  and the Cause and Effect Diagram  can 

analysis. In fact.  if  we are  involved in an  audit  relating to structure, the study of organisation  flow 
or procedure which IS critically important and for whrch the auditor wishes to confirm his general 

charts IS always  necessary 

.\ Strategic Company Procedure 

the  type  described  above  These audits are mainly  related to safety,  but  one  audit  was in fact on the 
Since  its  creation In May 1990. the RATP’s Dependability  Audit  Unit has undertaken  several jobs of 

subject of availability 

.Uer a  breaking in period  when the methodology to be  employed in the procedure  was  being 
thought  out,  the  auditing  process is now hllv operational.  The  help  that it affords  different 
departments of the company to reduce malfhctions in matters of dependabiiity has justified its 

transport  system  such as that of the RATP Furthermore,  during  a  time  when  decentralisation is 
creation  and  demonstrates  its  vital  contribution to maintaining the level of safety on an urban 

taking  place.  dependability  auditing  helps  check  that the technical  consistency  between the different 
groups within the company  is  maintained 
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The  Safety  Audit  System  of  the 
Mass  Transit  Railway  Corporation 

GEORGE LEE 
Hong Kong Mass Transit Rallway Corporation 

SUMMARY  The  Mass Transit Radway  Corporatton. which operates the Mass Transit Railway In Hong Kong. 
establlshed a safety audit system In 1992. The  audit  system forms an integral part of the Railway's  safety 
management  system,  and is designed with the  main purpose of assisting line  management to refine their part of  the 
safety management system. The  audit system adopts a supportive and constructive approach,  and  emphasizes on 
communication. A scormg  system is not used.  Being a self-developed  system, it can be modified to align with a shift 
in safety management strategy,  should the need  anse. 

1. INTRODUCTION 

The  Mass  Transit  Railway (MTRI IS an underground 
rallway system in Hong  Kong,  serving  the transport 

dlstrlbuted along  three  lines  and  stretches  over a total 
needs of urban commuters. It conslsts of 38 stations, 

route length of 43 km.  The  system  opened in phases, 
with the first phase  opened in 1979. The current daily 
patronage is 2.2 million. 

The MassTransit Railway  Corporation IMTRC) is one of 
the organlzatlons In the world that revlewed in depth 
the lnqulry reports arising from the  King's  Cross Fire 
and the Clapham Junctton Collision.  MTRC  has 
maintained a very  good safety record, both  in terms of 
customer safety  and  occupational  safety. The  good 
safety performance of the Railway has been  based on 

the expertise and experience of a few senlor 
a conventional rallway approach that relied  heavily on 

management  personnel.  Recognizing that staff wdl 

the railway Industry, MTRC  decided to Implement a 
change,  and that safety expectations are increasing In 

new safety management system which aims for 
contlnulng good safety performance while reducmg 
reliance  on key staff. 

The safety audtt  system. Introduced in September, 

system. To facilitate understanding, a brief descrlption 
1992, IS an mtegral part of the safety  management 

will be given on the  establishment of the safety 
management system before the safety  audtt system is 
explored in detail. 

2. SAFETY  SERVICES  DEPARTMENT 

headed by a Safety Servcces  Manager. A consultant 
In late 1991, a Safety Services  Department was set up, 

was retamed to jointly wlth MTRC conduct an in-depth 
assessment of the appropriate safety management  and 
audlt systems to be adopted on the  Ratlway. 

3. SAFETY MANAGEMENT STRATEGY 

The Corporation currently adopts a "compliancedriven" 

sectlons. In a number of "high risk' sections, e.g., 
strategy for managlng safety in most of  its functlonal 

approach is being adopted.  Nevertheless,  after most 
Design-Signals,  however, a "risk management" 

sections  have matured through the 'compliancedriven" 
phase, it is the Corporation's intention to shift to a "risk 
management" strategy throughout. 

4. SAFETY MANAGEMENT  SYSTEM 

A safety management system has  been  established, 
which involves a cyclic process of 'establishing policy - 
review". 
planning - organizing - implementing - monitoring - 

The safety management system is initially formally 
adopted in the Operations  Division, which is responsible 
for the operation of stations and  trains, and the 
malntenance of equipment  and  plant. This is logical, 
because the inherent risks in departments directly 

those provading supportwe servtces. 
Involved in railway operations are  generally  greater  than 

The  Operattons Divislon consists of three departments: 

a Operating  Department,  responsible for train and 
statton operation; 

for deslgn, installatlon and  maintenance  of 
OperatlonsEnglneerlng  Department.  responsible 

railway equlpment  and  plant; 

a Safety Services  Department,  responsible  for 
pol~cy formulation and coordination of safety 
management. 

1 



5. SAFETY POLICY 

A Safety Policy  was issued by the Chairman. The 
Pollcy  establlshes two goals : 

0 To malntaln a climate of safety  awareness. 

e To employ  management  systems that would 
lead to continuous improvement in safety 
performance. 

6.  SAFETY  TASKS AND SAFETY  MODULES 

Fourteen  Safety Tasks, which are  tasks  consldered 
Important to operatlon of the Railway,  were  established 
to  provlde the  necessary  focus. The fourteen Safety 
Tasks  are . 
1 

3. 
2.  

4 
5 .  
6. 
7. 
8.  
9 
10. 
11. 
12. 
13. 
14. 

Informatton 
Safe  Systems  of  Work 
Buildings,  Plant  and  Equipment 
Protective Equipment 
Fire  and Security 
Trainlng 
Communication  on Safety Matters 
Contractors and Visitors 
Deslgn  and  Project  Management 
Accldent Reportang  and lnvestlgatlon 
Safety lnspectlons 
Safety  Performance Monitoring 
Fundlng for Safety 
Revlew 

Each of these  tasks is requlred to be  managed usmg  the 
safety management  cycle. 

For each task, a full description of the required 

management  standards are called  Safety  Modules. 
management  standards IS provided. These 

7 .  SAFETY  RESPONSIBILITIES 

It IS an accepted philosophy withln MTRC that "safety 
is the responsibility of line management"  and that the 
role of the  Safety  Servlces  Department is to provlde an 
independent auditing and expen advlce  servtce to llne 
managers,  who  are required for setting up and 
operating their pan of the safety management system. 

Safety Responsibility Statements are  issued to all staff 
from supervlsory level to  the Operations Director. A 
Safen, Responsibility Statement specifies the general 
responsibility of  each staff member in regard to the 
Safety Tasks. 

8. SAFETY MANUAL 

To provide formal safety  management standards, a 
Safety Manual was published by  the Safety Services 
Manager.  The  manual specifies the requirements  on 
the  Safety Tasks, Safety Modules and  Safety  Critical 
Systems. (Note : The Safety Critical Systems are 

managed to matntatn their integrity). 
Identified englneerlng systems that must be crltlcally 

9. DESCRIPTION  OFTHE  SAFETY  AUDIT  SYSTEM 

9.1 Strategy and  Focus 

The general strategy is to maintain an audit system that 
is supponlve, constructive and user-friendly, with the 

the safety management system. The audit system 
purpose of assistlng work groups to set up thew pan of 

aims a t  identlfylng the  discrepancies of the  work 
groups'  management  practices, In compartson with the 
standards  set out  In the  Safety  Modules. 

Other objectives of the  audit system include hazard 
idsntlficatlon and  providing  assurance on  the 
compliance status with statutory and  Corporate  safety 
standards.  However,  these two objectives are given a 
lesser focus than the main purpose of asststing line 
managers to set up and maintain their safety 
management  systems. 

9.2 Organization 

The Safety Audit Section comprises five people : the 
Safety Audit Manager, a Senior Safety Auditor, two 
Safety Auditors and a Clerk. This establishment  forms 
a minimum set up whlch allows two audit teams to 
operate in parallel.  Normally, one of the two teams will 
be led by the Safety Audit Manager, and the remalnmg 
team by  the Senior  Safety  Auditor, each with a Safety 
Auditor as  team  member. An additional team has  been 

the audit of all secttons of the Operattons Divtston 
budgeted for  1994, to  achieve the target of completing 

wlthin two years. 

9.3 Types of Audits 

Two types of audit are conducted : 

0 The Work Group Audits 
0 Activity Audits 

Priority is given to conducting Work Group  Audits. 

2 



9.3.1 Work  Group Audits 

Work Group Audits are focused on the  evaluatlon  of 
adequacy  and  effectiveness of the  safety management 
practices in a work group  agalnst  the  requirements  of 
the Safety Responslbllity  Statements and the  Safety 
Manual. 

A joint approach IS aitopted in conductmg  Work Group 

the work group's  management of the  Safety  Tasks,  the 
Audlts. Whlle  the audit team identify deficlencles tn 

Work Group Manager confirms his acceptance of the 
audlt  team's findings  and identifies improvement 
Inltlatives. Jointly,  the audlt results in Improvement 
lnitlatives that, when  implemented,  should  improve the 
safety performance of the work group. 

A Work  Group Audit comprlses  three  stages : 

0 Pre-audit  activitces 
0 

0 
On-slte activtties 
Post-audlt activities 

9.3.2 Activity Audits 

In an Activity Audlt,  the  audlt  team evaluate the  safety 
status of a multi-disclpllnary operatlonal acttvity or 
practlce by comparing its implementation agalnst 
established  standards, which are  usually  Corporate 
Rules and Procedures  and statutory requirements. In 
some Actlvity Audits, the adequacy  and  effectiveness 
of the standards  themselves  are  also  reviewed. 

9.3.3 Comparison  between Work Group Audits and 
Activity Audits 

Work Group Audits and Actwity Audits are two 
complementary  types of audit,  and are both needed to 
ensure  completeness of the safetv review process. 

A Work  Group Audit is designed to evaluate the 
adequacy  and  effectiveness of the safety management 
practices in a work group  agalnst the requirements of 
Safety  Responslbillty  Statements and Safety  Manual. 
Both the deslgn  and implementation of Safety 
Responsibility Statements, as well as the status of 
compliance wlth Safety  Manual  requirements, are 

top-down approach, focusing on evaluatlng  the 
revlewed during thls type of audit. In a sense, It IS a 

adequacy  and effectiveness of the  overall  safety 
management  system within each work group. 

operatlonal actlvity or practlce, such as fire protection, 
In contrast, an Actwty Audtt IS directed towards an 

contractor working, etc.,  and IS deslgned to provide an 
assessment of the  compliance status with established 
standards (eg.. statutory requirements,  Rules  and 

adequacy  and effectlveness of the  standards 
Procedures,  and good management practices).The 

themselves  are  also revlewed in some Activity Audits. 

9.4 Audit Process 

The audit process  comprises five stages : 

0 

0 

Understanding  the safety management  system: 
Assessmg strengths and Improvement 
opportunmes; 
Gatherlng audit evidence; 
Evaluatlng audit findings; 

0 

0 

0 Reporting audit findings. 

Audit activities involve reviewing background 

and inspections,  and  checking  documents  and  records. 
information, interviewing key staff, conducting tours 

An audit takes 5-1 0 working days of on-site activities 
and is normally conducted by a team of two. 

9.5 Review of Audit Findings  and  Follow-up  of 
Improvement Initiatives 

A three-tier  approach is adopted for reviewing audit 
findings  and following  up  on improvement initiatives : 

9.5.1 Upon the completion of each  audit, the Safety 
Services  Manager formally reviews the findings 
and  recommendations with  the relevant line 
department head. Subject to their comments, 
the Safety Audit Manager  sends out approved 
action lists to 'owners" of improvement 
inltlatlves and  requests for action. 

9.5.2 At 3 months and 9 months after the issue of 
the approved action lists, the "owners" are 
required to report to the Safety Audit Manger 
regardlng the implementation status. The 
Safen, audit Manager will record the 
information in a database. 

9.5.3 Every six months, the Safety Audit Manager 
reports the implementation status of the audlt 
programme and improvement actions to a 
Safety Committee. whlch is chaired  by  the 
Operatlons Director and  comprises  senior 
managers  as  members. 

10. SPECIAL  FEATURES  OF  THE  SAFETY  AUDIT 
SYSTEM 

As the audit system IS self-established, it has a number 
of speclal  features  seldom found in most 'off-the-shelf" 
audit systems : 
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10.1 Tailor-Made to MTR's  Needs 

AS  the safety audlt System IS an Integral pan of the 
Corporatlon's safety management  system, It IS totally 
complementary to the laner's development. Thts 
means that the safety audit  system can  be modlfied 
and refmed to ahgn with a shtft m the  Corporatlon's 
safety management strategy at  any polnt of  time. 

In the exlstlng phase, the safety audit system  focuses 

and proactlve safety management  system.  meetlng  the 
on  assIstlng line management to establish a systematic 

standards  speclfied in the  Safety  Manual  and  Safety 

Sectlons of the Corporation are currently adopting a 
Responsibility  Statements.  This IS appropriate, as most 

"compliance-driven" safety management strategy. 

management in the near future, the focus of the safety 
However, with cncreasmg  emphasls on  rlsk 

audit  system  can be  changed to one emphasmng 
hazard  and  rlsk Identification. 

The safety audlt system also fits well wlth Corporate 
strategtes.  core  values  and  culture.  Speclflcally,  the 
supportwe and panlclpatlve focus of the safety audlt 
system is compatible wlth the  accepted  safety 
management philosophy - "safety is line  management's 
responsibility". 

10.2 Supportive and Constructive Approach 

As mentloned  earlier, the audit  team  adopt a supportive 

and constructive approach. Auditors focus on  movlng 

adoptlng a supportive role of being "consultants" to the 
away  from the Classical role  of "policemen" and 

work groups. A Work  Group Audit Report is signed by 
both the Work  Group  Manager and the Audit Team 
Leader.  The signature  of the Work  Group  Manager 
slgnlfies loint  efforts and hislher commitment on  the 
Implementation of improvement initiatives. 

Auditors also focus on maintaining their credibility 
through logical  reasoning.  evtdence  gathering,  and 
close involvement of the auditee  and the auditee's 
Immediate  supervisor throughout an audit. The 
following activities are involved : 

a The audit team carry out verlfication to 
substantiate thew assessments. 

a An interlm revlew meeting  and an exit meetlng 
are held during each audit to discuss  audlt 
findings with the audltee. 

' The audit team invite the auditee's  immedlate 

and exlt meertng, thus allowing them to 
supervisor to attend the interim review meetlng 

understand the logic leading to the identlfied 

findings, and  laytng  the  '?:Jndation for their su':soauent 
support on  the  Improve- 'nt Initlatives. 

10.3 Emphasis on  Communication 

The  audlt  system  places  great emphasis on 
communication In all stages  of an  audit.  Four 
communication meetlngs  are held with the auditee : 

a Pre-audit  meetlng 
a Intercm  Review meeting 
a Exit meeting 
a Post-audit  meeting 

In additlon,  the  audlt system IS promoted  wtdely 
through many  avallable communication channels : 

a The Safety Audit Manager teaches  audlting In 

allows the  Safety Audit Manager to build up 
safety  management  and audit courses. Thls 

opponunlty to emphasize  the  supponlve, 
rappon wlth potential auditees,  and  provldes  an 

panlctpatlve and constructwe features of the 
audit  system. 

e The  Safety  Services  Manager  and  the  Safety 
Audit Manager glve  presentattons at Divislonal 
meetings, which all section heads of the 
Operatlons  Divislon attend. 

e The Safety Audit Manager  also  gtves 
presentations at  Joint Consultative  Commlnee 
meetings, which first line supervisors  attend. 

10.4 Scoring  System Not Used 

A numerical scoring  system is  not used  during  the first 
round of audits.  This IS because different work groups 
may be on different baselines  of safety management 
performance,  due to various historical reasons.  For 
example,  the  sectton  responsible for signalling  destgn 
is, for obvlous  reasons, more advanced in risk 
assessment  than,  say, the Heavy  Maintenance 
Workshop. The goal of the  first round of audits IS 

therefore to establish  the safety management  baseline 

practices wlth the Safety Manual requirements) of each 
(Le., compliance status of safety management 

work group.  From the established baseline, 
improvement acttons are devised. It is the intention to 

audits to provide a measure  of the extent of 
use a numerical scorlng system in the second  round of 

improvement. 
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11. CONCLUSION 

safety management system. Being a self-developed 
The safety  audlt system IS an integral  part  of MTRC's 

system. It is dedicated to audit  agalnst 14 speclfic 
Safety Tasks that are considered the  most  cfltlcal  to 

strategy  moves  from a  "compliance-driven" phase to a 
operatlon of  the Railway. As the  safetv management 

audlt  system  can be modified to place greater emphasis 
"risk management" phase in the near future, the  safety 

on rlsk assessment. 
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The I h s t  Japan  Railway Colnpany ( J R  Eas l . )  operates more 
t h a n  17, OOU t r a ~ n s  daily over 7,500 operating kilometers, and 
there a r e  cwca:;lons when r a i lway   acc iden t s   obs t ruc t ing  t ra in  
opcrat.jon all& i r l  rare c a s e s ,   t r a m  derailment sometimes 
occur. JR 1:ast i s  c:onstantIy  s t r iving t o  prevent  the 
L F ? O C C L I ~ ~ C H ( ~ F ?  nf ra i lway  acc idents  by anal yziny 1.he phenomena 
and  causes 1)f accjdcr~Ls i n  order to optimize i ls  r e l i a b i l i t y  
a s  a saie transportation system. 

':he nLicti:;t.ry of  Trarrsport i n s t i t u t ed  the  ministerial 
ord inarxe  "Rcqulations for Reporting Railway Accidents' that 
requires rai lway operators to f i l e  reports concerning the 
circllmstanccs  involving accidents. In  order to understand 
cveryday acc:itient:r; and t r a n s p o r t a t i o n  impediments in greater 
d e t a i l  Ltmn prescribed by the Ministry of Transport-  ordinance, 
JK E a s t  lms entabijshcd its own additional methods for 
managlng acc i dent dicta. 

and JR East provisions for t h e   c l a s s i f i c a t i o n  of a c c i d e n t s  and 
i l~pcdlment.~ as  ucll as t h e  circumstances for  accidents. 

T h e  f o l  lowi !rg discussion o u t l i n e s  mini sterid1 ordinances 

1. The Definition of Railway Accidents and Transportation 
Impediments 

when t h e r e  is a t ra in  cancellation or delay in Japan, 
ra i lways   inveui igote  t h e  occurrence to better understand i t  as 
.L t r a n s p o r t a t i o n  otxtruct-ion. Of these t r a n s p o r t a t i o n  
impediments, rallway acc idents  a re   de f ined  as "Lhe occurrence 
of phys~cal  damage to a train In  which there may also be 
l n j u r i e n  loss of hu~nar; l i f e . "  Consequently, regardless of the 
cfiecL 011 the t r a j n  (scrvice is suspended or  n o t  or the delay 
1:: l o n g  or s h o r t ) ,  dl. t r a n s p o r t a t i o n  impedj~nenLs that meet 
I h e  above crllerla arc? considered railway a c c i d e n t s .  The same 
dcfiuiLiorr is used hy the Ministry of Transport and JEi East- 

~bstzuc~ions of t r anspor t a t ion   t . ha t  result i n  t r a i n  

(1) The  Definition of Railway Accidents 

(21 :"he Definition of operat ion  ObsLruct lon 

- I  - 



r~arxelldLlo11:j t>L delsys but do not meet the above c r i t e r i a  f o r  
r a l lw i ly  d : ~ ~ 3 e r l t . s  itre deEined a s  operation zmpediments. 

2 .  The Class i f i ca t ion  of Railway Accidents and Operation 
Impediments 

( 1  ) Types 01 R a i l w a y  Accidents 
+ Tra. 11 Colllsxxt - Accident in w h i c h  a train colljdes 

I n L C !  or makes contact with other r o l l i n g  stock 
* T r a i n  DerallmrnC - Accident rn which a t r a i n  i s  

derdllCd 
. Tra In Fire - Rccldent ia wnich their is a firs on a 

. (:KO::XLTXJ Ohssructlon - Accident jn which a train or 
t.r;1*n 

r c t l l i i ~ y  :il.ock collides or makes contact  wrth a person 
o r  r:)L.r;r vehicle while passjng through a crossihg on 
a rcad 

. Hai lday Casualty - Accident i n  which Lrnirl or rol l ing 
stur:k oyerai iun resul ts  injury or death (including 
petirsi.rlcans other than passezgers) 

. P r r ~ p c r  Ly Damaye - Accident in wilic:h t . r a i r1  or rolling 
sl.otrk operation r e s u l t s  in property damage exceeding 
Y50 a i l l i o n .  

M i n i s L z y  01 Tr-a~:;pozt report forms are ahown in 
Appendices 1 arid 2. 
( 2 )  C:lanslflcot.lon of operation Impediments 
0 ClausilLcaiiotl  according to the Ministry of Transport's 

"Hegul atj.ons f o r  Reporting R a i l w a y  Accidents" 

be filed i f  dl1 operation impediments were reported by each 
railway couyany, the Ministry of Transport designates  only the 
Collowirq thrcc  cases :or reporting. 

. Operation imnediments that r e s u l t  i n  %he cancel lat ion 

. Operation impcdiments that r e s u l t  passenger train 

. Operation impediments that r e s u l t  in delays Of more 

Sirlce an ext.remely larye rmmbrr of repork; would need to 

of trains 

tfel;ly:; UZ more Lhan 30 minutes 

than  one hour for trains other than paasenget trains 
3ailways report operation impediments  that meet the above 

c r l t e r j a  monthly zsjng the form designated by Lhe Ministry Of 
'rransport (see  Appendix 3) . However, accidentti or impedimenL.s 
that have a m j s T  ef fec t  on society must be reported 
posi3:ast.e. 



'7) C'ldfsilL::at.lon n t  JR Zasr. 
d l  iClass1iicatiori accor~ing co JR East's  "Procedures for 

F?epor1:1nq Accidents" 
7 2  F.aS;t's classl i r rar . lon of accidonLs is slightly 

!?l . l fe~.et~l .  l f f m  that oj the Minlutry of transport.  Since JR 
L a s t ' s  fornlct: c.nl. i ly,  I he Japanese  National RaAways (m), 
!<as ?9blic ccjrporat~or) ..lncier the Rationai  government, it was 
rcquIrec1 ~ . C I  T r  I C  accldenr and  impediment  reports with the 
X:rllst r y  of :-rn~lsport, and the methoo for admirlisLerinq  these 
was a t  thc ciiscreLion of JNR. Since i': IS necessary to 
& ' ~ e s e ~ v e  ?.he contjnulL'y of post-privatl  zation  stafistics, the 
method irlherli.ed frmn the JM( era continues with JR East 
administerinq Its ow11 metnod of classlfication in aadition to 
t h a t  cf t h e  Tr;msport Ministrl. 

who 1:; '.he cause of a11 mpediment. On  the  other hand, JR 
East's reguldtions a l so  emphasize  the  form of rhe phenomena 
ir:vo.lved i n  t l ~ c  impedimenl. For example,  when there is a 
r o i l i n g  stock breakdown, 3H East classifies it as the same 
" ro l l i r l g  :;Lock breakdown"  regardless o€ whether j t i s  caused 
t ~ y  a rai  lway cmployee'r; maintenance error or a simple  physical 
breakdown. IIOW~?VF?I-, under the  Transport  Ministry's 
c l a s s i  fjcation system, a railway  employee's  maintenance error 
would be l a s t . &  nnder  "maintenance and repair'' fo r  railway 
enwloyec  cawc?:; artti ;I simple  physical breakdown under "rolling 
s C o c k "  for ro.liing YLOC): and railway  equipment  causes (see 
Appendix 3 ) .  

The Trar,sporl. Min~stry's classification  method  emphasizes 

JR EasI. ':i method of classification is shown in Appendix 
4. 

As Lor Impediments thac are the result of an  employee's 
handlilly I Z L L O L ,  ,111 dre examined in detail  regardless of the 
erfect  on t - ra ins .  AS f o r  a3.1 other impediments Chat originate 
from a br0iikdoW11 111 rollinq stock or equl-ent, only those 
r e s u l t i n q  in a train c;arlc:ellation or delay of more than ten 
m i n u t e s  are manaqed by the  Transport  Safety  Department, and 
impediments resulting In train  delays of less than ten minutes 
a r e  managed by the department or section  concerned. 

t:) Claasiflc:;1Lion accordxng to "major accident" Patterns 
~ t l e  most Intportarlt: issue far railway  transportton 1s the 

~ ~ i : a l  e l imlnnt . iun  of "major accidentsU that result in death 01: 
Ac,tlry. The c l a v s i i i c a t i o n  of 23 types oi "major accidents' 
according to thelr cause and the  phenomenon is Shown in 
&p,endix 5. A deCailed ana1ysL-s of Lhe subStcInC:e of these 
o p ; e r ~ ~ i o n  unpetj~ment:;  shows that these are ezLher a fail-safe 
phenomenon or a phenomenon  that  hide the possjbi.1 it!f Of a 
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Table 1 N u m b e r  of Railway A c u d e a t s  I n  Japan 

I 

]Jh sss1 

_- 
138? 1988 1989 1990 ... . - -, 

376 315 2 8 7  240 247 

T~~ t l l a - .  : . u r r o l l  Llve-par prrlod (1989-19943, J R  East is 
~nlplcwerl!.irq prlorj t y  safety investment amountilly to Y200 
b i  111 on, 5nvcst.inq heavi ly  In automatic train stop equipment 
and acciacn~. I;rc.vcrtt.iorL equipment at crossinys. A s  a result 
of this lnvestncnt and the development of campaiyns (such as 
che Chal lenqc  Safety Campaign) whlch st imulate the independent 
d ~ s c u s s l o n  of +ccldent preventlon  countermeasures throughout 
Lhe curnpny u 1 . i l i z i r l g  qual i ty  Control meLhOds,  Ltle whole 
company 1 s  lnvoived i n  accldent  preventlon and  the number of 
accidenl.s tirxxcasing each year. 
!I) SdILW<lly RLxsdenLs  

The c:Irc:umst.ances lnvolvlnq railwav accidents at JR East 
c,ver the rm$,t ~ J X  years are zhown in Fatile 2 .  
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Table 2 Railway Accidant Trends at JR East 

i33D 1991 __ 
i, D 1 

to :'rain &.r;c~(ient. (Collisions, Derailment, Fire)  
Train ac ' r -den t  1,s t h e  qeneral game given 1.0 t ra in  

cnllisjons, - r 3 l n  Jerallments and t ra in  fires.  JR E a s t  has 
had a tn l la l  o f  39 I L r a L c  a cc idencs   w i th in   t he   pas t  s i x  years, 
Thcro were .cjf:v?n train accidents 1x1 1942, arid 011ly one of 
these war: rl t . L : l h  c o l l i s i o n .  r n  T h i s  acc ident  t he  train drive 
mjstcok !:he s i y n a l  T o r  Che adjoining t rack  as his own and 
departed i n  sp1t.e of a slrop siqnal r e s u l t i n g  in a c o l l i s i o n  
w i t h  the L:rmrl 311 1 . k  ddjoininq  track.  Furthermore,  one of 
i.he ilvr 1Lxai11 dcraztments was the resu l t  of a defective axle 
woldinq on a ps:;enqer car, and t h e  other four were the result 
~f non-rallway ::xx;e:; such as =he collision wrth an automobile 
st a cross1rw. There was one ;Lam f i re  that resulted from a 
hrake releasc: L'a i lure  that   caused  overheat ing of the brake and 
smoka, b u t  d i d  n o t  result i n  a fire on the traxn itself. 
a Crossmq 0b:;CrucLion Accrdents 

Thcrc: arc ~prsroximate1.y 8,000 cross ings  under the 
]uri.sdicCLon 01 J R  East. and of these, 7 ,000  are equipped with 
crossing gate:;. 

I n  recerlt. year:;, Lhere has been a trend  toward a 
decreasing nrutrbor o f  crossing obs t ruc t ion   acc iden t s  with a 
total  of 95 In 1992. The goal  at JR East is t o  t o t a l l y  
e l imina te  c:ros:;inq obs t ruc t ion  accidents, and it is expanding 
i t s  i n s t a l l a t - f o n  of crossinq obs t ruc t ion  warning dev ices  (an 
emergency bu l t sn   Lns t a l l ed  within t he  c ross ing  that can be 
pushed whcn t h e r e  I S  a crossing obstruct ion,   engaging B stop 
s i g n a l  for the  oncoming train) and crossing o b s t r u c t i o n  
r1c:l.ecLor.s (a  1.qht beam i n s t a l l e d  in the ground detects a 
cror;oinq o b s t r u c r i o n  usinq a Loop c o i l ,  engaging a stop s igna l  
auLomaLicaLly Tor the oncomlnq t r a i n )  !see Table 3 ) .  Many 
mcident-.:i o i  L z A n s  beirly stopped are the  result of the use of 
crossing ohst-ruzr:on warrlirlg devxes .  In t h e   c a s e  of Crossing 
o b s t r u c t i o n  warning detectors, once   the  obstruction is removed 
from t h e  crossing, ..he :;Cop signal 1s automatical.ly 
tiisenqaqcrl, b u t  111 ~ h r :  case of the c ross ing   obs t ruc r ion  





I: 19Q7, f h e r e  was an accldent in w h i c h  the drlver of an 
OverJc3ued Lruck fffor'cod his way i n t o  a c ross ing   caus lng  a 
trail: ti, d c r d l l  and result2n-q In the t r u c k  driver's death and 
(.he :n jEry (;I. 8 8  pas;:jerlyers on the  t r a i n .  J R  East 1s 
~oncer .~~ed ih01:1. !.his 51 tua t lon  and has crcateti i~ crossing 
i~c:c2der.t prcvmltion projec:L Learn. Accldent cou~~tc rmeasu res  
heJ.nq cl:rriwl o u t  by L h s  L e a n  include a pub l i c  relations 
Gimpalqn ,XI !.cilevi:;lc:n, the rjevelopment of campaiyn  aimed a t  
Stcpplrlu : n o t  o r ~ : ; t : s  who recklessly e n t e r  crossmgs ,  I-he 
i n s t a l  :$ t ion  01: c ross inu  surveillance cameras (Video cameras 
which take p:.c:t.ures of reckless drivers' iaces, l i c e n s e  
r:umber.s:, and  he c~r~umstances oi the incident a s  evidence), 
alld I.he sl.renqtheni~>q o f  t h e   f r o n t  of the t r a i n  to  protect 
Passenqers a ~ ~ d  the 1.rain driver ;n c a s e   t h e r e   a c t u a l l y  is an 
accident. ai- -3 crossi:lq. 

@ Ra: Jwav Casualty Accidents 
R i ~ l l w a y  r-ama1 t y  acc:dents are acciiten(.:j 1n which t r a in  

or r o l l k y  :;!.oc:k operation results i n  d e a t h  or i n j u r y .  They 
do K ~ U L  im:iuie s u i c i d e s  by passers-by or passenqars which are 
c i i x i s ~  f led a.5 "casuai ty ( s u ~ c i d e !  under the heading of 
cperat ion impndiment. accidents. 

'The nilmhcr of such acc idents  occuring annual ly  has 
pracLlc:aily i eve lec i  off  in recent years. Thc primary causes 
of these accitien1.s are a passer-by  enter ing the tracks, impact 
wich a passcnqer who a c c i d e n t a l l y  falls off a platform, and 
Contact with passenqer standing on t h e  platform (see T a b l e  
5 ) .  Of the 4 0  r a i h a y  casua l ty  acc idents  on pla t forms  Which 
u c c u r r c d  in _I 992, 4 %  involved drunken passengers.  

mats" 4s a ~ ( : ~ ~ r ~ i . e m e a ~ u r e  t o  prevent   acc idents  involving fal ls  
from p l a t . L c l r m s .  'I'his device   en taLls  the i n s t a l l a t i o n  of mats 
w i t h  senwrs t h a t  de~ec:t weiqht exerted on t h e  area below 
train :ic>ors a t  the t r a c k  level. When the weiqht of a fallen 
0b~ec:L. i:; del ec:ted, a s t o p   s i g n a l  is displayed.  T h i s  device 
1s currcnLly  l~~!$l.:lLled on a t r i a l  basis at n ine  Stations with 
curvcd platforms where t h e  t r a i n  driver's visibility is 
Impared, arid If :; e f f e c t i v e n e s s  is sti l l  under study. 

.X East wi i 1 soon begin tc use "fal len  object detector 

-7 - 
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C.0 k': r ~ p n r t y  Dantaqe Accident 
There l lave h x r r  two incidents of property damage 

accidents in the  pd:jl. s 1 x  years.  One  accident occurred in a 
r o l l i n g  stock yaxd when a train driver shunting rolling stock 
ovsrlookcd i l  :;ignal dnCi there was a collision  between rolling 
stock resultinc; in about '239 million in property damage. The 
other accidc!nf. oixl lrred W i t h i n  a s tat ion yard when a track 
m ~ n t c n a r r c e   XI^ was k i n g  shunted and the s t a t i o n  worker 
directing i t  made a m i s t a k e  causing a co3.lision wlkh other 
rr:ljnq stock, resuJ t: nq in YB million worLh of property 
damage. 

( 2 1  Operation Impad1ment Accident Circumstances 
A C C L C ~ ( ~ I I ~ - E  classiried as operation impediment accidents  

according to JK E i I S j t  regulations are shown in T a b l e  6. There 
a r e  a i x ~ u k  10,000 oi' c ~ p e r a t i o n  impediments each year. The 
tokal numbe? of CZ1:jFLS has leveled off in the past Ltlree years. 

Non-Railway Cause 3 , 4 4 0  3,612 4,670 4,593 4,803 5,201 
Natural Disaster 1,157 850 1,129 1,465 1,264 1,180 

 casualt tics 400 452 364 3 4  5 32 5 340 

/ T o t a l  
8.674 Y, 481 9,671 10,263 10,224 10,540 

@ InLernal causcs rarlway worker, rolling Jtock,  equipment, 
or passcnyer) 
Broken down according Lo cause, "interual causes" account 

tor about 40 pcrcenl. of all operation impediment cases at JR 
East. Table 7 show:; opera t ion  impediments further broken down 
into typc oL' ac:c:ident. 

t r a i n  delays due to emergency stops caused by passengers 
a l ight inq  or1L.o the tracks or a maintenance worker taking too 
long tm retreat  from the tracks for an oncoming Lrain. 
"Signal harrdling delay" means that a railway worker made a 
route dircctiuy e r ro r  or was late  in configuring a route. 
Other i n t e rna l  causes include 20 types of accidents not 
included in in1.e.rnal causes. For example, a train might be 
delayed when A train driver detects a strange sound while the 
train i s  running and SLOPS make an emergency inspection or 
when a passenqcr iLt)oarci (.he train becomes ill. 

.- . -- - , .  

The m j o r i t y  of "operation impediments are the result of 

- a -  
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Table 7 Internal Causes of Operation Impediments 

@ flon-Ha1 ]way Causes 
Non-raj l ay  causes account for ahou t  SO porcenL of a l l  

cases of uperat.lon imnpcdiments, and this mount i s  steadily 
growing (Tablr! 8). "Crossing obstruction"  incidents account 
f o r  a larqe number of nun-railway operation impediments. This 
number is particularly large around Tokyo where the traffic 
voLumc sxc:esr,~ve. O t h e r  nan-railway operation impediments 
inc lude  "trail1 ob:;Lructlon" (train delay caused by stones 
placed on t h c  track5 or the mischievous engaqernerkt of the 
crossing ohstructioo warning device) and "train interference" 
(a passer-by cntering the  track area or some other physical 
interference) . 

T a b l e  8 Non-Railway Operation ImpBdiment.8 
I ----. _- - . . . . ~ --. 

TrdLa Cbstructian E75 1,013 1.202 t.091 
Train Intcrfnrnnce B56 7 64 866 68s 
Other 7 9 61 89 95 112 
Total 3.440 3,612 4.670 4,593 4.803 5,261 

._. , _----- . __..--. . 

(3, Natural ~ h s a s t e r s  
There azc apprr~xJmately 1,200 cases of operation 

imediments caused by natural disaster each year (Table 9 ) .  
There arc many "miscellaneous disasters" such as  when the 

volume oL ra in ,  . intensity of an earthquake, or wind velocity 
exceed a predetermined level and train operating speeds are 
rccluced or train 'cum cancelled. There are also "disaster 
interference" i n  w h i c h  sjCrong wind blows objects onto tracks 
causjnq delays and "ro l l ing  stock  disasters" and "safety 
device disaslcrs" in which snow or lightning cause a failure 
in some funcLiun of roll.inq stock or signals. There were 65 
roll ing s L u c k  disasters ISI 1992 and 164 safoLy device 
disasters. 

- 9 -  



Table 9 Natural Dzsasters at JR East 

. ___ 
@ CJSUaltlCS 

There arc  approxlluatcly 300 incidenxs of casual ties each 
y e a r ,  Almost a1 1 of thcsc involve s u i c i d e .  Cases in which 
passengcrs la11 d o w n  because of the t ra in  shakirlg or injury 
due to brokcn r l l a s s  caused by overcrowding on the t r a i n   a r e  
Ld1111at.ed a s  "casualty rather) ( T a b l e  10). 

T a b l e  10 Caaualty Incidents at JR East 

Type 
. -. ___- --- - 

. .  1)MJ 1988 1989 . 1990 . . 
Casualty (Suici!ie) 364 422 332 333 %q 
CJSUJlty IOt-hcr) 3 6  30 32 12 
Toi-a1 4 00 45% 3 64 345 325 

( 3 )  Operation Impedimerli. Accidents Fi t t i nq  the "Major 

._ . . . -  

Accuient ." Pattern 
The Transport S a t c t y  Department handles approxlmately 

10,000 cases 0 1  opcracion impediments each year .  About 10 
percent of ihe:;r L i t .  the "major accident" pattcrn ( T a b l e  10). 
Operatjon impcdiment accidents which fit the "major accident' 
pattern are what could bc c a l l e d  potential "major accidents." 
The large rlwntx?r of t h e s e  cases does not necessarily mean that 
thcrc is a h i g h  r i s k  01 Lheir occurring. 

For examnpic, cvcn if a train d r i v e r  misses a stop signal, 
i m  improved ;wt.ornat-ic train s top  devjce (ATS-SN) will engage 
lhe train's cmcrqency brake, stopping the train and averting a 
"m;rjor ;lc:cideni.." 'Chis means that by predicting the risk of a 
"major accidcrlt" at .,LS potential stage, safaLy measures can 
S e  taken. q w r a t i o n  impediment incidents requiring reporting 
according to Transport. Ministry ordinances account for  8 
percenL 01 a11 (600-800) ( T a b l e  11). 



P13 

T a b l e  11 Operation  impediment^ by Claesificat=on Me~thod 

Classification Method i997 1988 19E9 1990 1991  is92 T o t i 1  
JR P a s t  9ajnl.y Mudbuses 

-. -. 

._ . _. . . - -- _- 
Department Cases E,764 9 . 4 8 1  9,671 10.263 10,224 10,540 57.853 

Pattern Ca:.c:. 778  797 840  1,024 1,053 1,119 3,621 

Transport M ~ n a t s ~ v y  520 549 635 788  748 t152 4.092 

"Ma~or Acrl d c n i  *' 

Casea &ported to rhe 

_._ 

4 .  Recording Method for Railway Accidents and operation 
Impediments 
Rai lway  ac:c:icien%s and operation impediments are 

i n v e s t i q a t c d  by the I-ransport safety offices of each of the 
branch arfices (nine branches). Reports of the results of 
i o v c s t i y a t i o n s  7.0 the head office by branch offices are sent 
by facsimile or by using the computer network which connects 
the branch ol'Lic:en to the head office. Tests are now being 
made nf as system ul i l i e inq  optical disk device to Save 
reports. A d a h  base is also being constructed recording data 
gathered over the past six years to be used for various 
purpo:;e!y. L)et.alls of this system can &e seen in another 
a r t i c l e  written at J R  East. 

Branch acc idents  or impediments that require some special 
feedback a ccmmentwd on jn facsimile message set back from the 
head off ice  to t h e  branch concerned. Common knowledge Of 
accidents and impedimenls is being promoted. 

5.  Conclusian 

acciderlLrs am3 impediments and strive to prevent their 
repetition. Kailway systems advance yearly, and the 
introrinc:t-ivn of new technology means there is a potential for 
new types of accidents. The railway is the safest m o d e  of 
transportatiun in Japan, and JR East is determined to  continue 
Lhis t-raditj on. 

It is tho miss ion  of railway companies L o  analyze past 

-11. 
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Appendix 4 Accident Claanificatlon Aacording to JR East 
Regulationo (midant Reportzng Psocedures) 

.?a1 lway Accident. 

Uperatlon Impedjmcnt Internal 

NdLural 
Disaster 

Casualties 

Tram Collision 
Train Dttailment 
Traln E'lire 
Rariway Casualty 
Railway Property Damage 

Trolley -act (colliulon 
w i t 2 1  motntcnanct. equipment] 

Rolling Stock Damage 
Switch Damage 
Runaway Rolling S t o c k  
Bfoeklng VioldLlon (blocking 
nrishanclling) 
Signal Violation (signal aishandling) 
Hiss Station 
Rolling Stock Breakdcmn 
Track Breakage 
Power Ttanumission Fd.zlure 
Safety Dsvice Failure 
Loose Freight/FKee Car 

Train  t2cw lllness 
Operation Interference 

Signal Handling nelay 
Imroper stop 
Improper Door Handling 
Departure Uelay 
Improper Equipment Handling 
(mishandling of equipment involving 
train operation) 
Other Internal Cause 

Train Obstruction 
Rolling Stock Obatruction 
Track Obstroction 
Power Transmlssion 

Safety kvice Ob+trucLion 
Obstruction 

Crossing Interference 
Train Interference 
Other Won-Railway Cause 

Rollfng Stock Disaster 
Track Disaster 
Power Transmission Disaster 
safety Device Disaster 
Disaster Interference 
Other Dlaasters 

ROlllng Stock Derailment 

Casualty (Suicide) 
Casualty (Other) (Injury or death 
ather than suacidel 
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Appendix 5 Claasxfacataone "Major Accident" Pattern8 

i. Derailment or Coll~sion 
Due t o  Siqnal V3ol; l t iun 

3 .  1)erailmant or C o l L z s 1 o t l  
Due t o  Car Rolllny 

4 .  Deraiiment o r  Collision 
IJunnq ShunKlarj 

!>. Derailment or Collin~nn 
Duc to Improper Slqnal  

7.  Col 1 is ion Uue t o  Clearance 
In tc r tc rcncc  w1 th 
bantenance  Car 

fl. Clearaoce  Inter terenm 

Macbine Parts 
w i t h  ConstxuctJun 

10. Impact with Motor Vehicle 

~ 1 .  Buildinq and Rolliny 
Stock Clearance 

Improper Application of Bzakes by Train  Driver 
Improper S iqne l   Ver i f ica t ion  by Train Driver 

Rolllng Stock Brake Failure tioech.ILlca1) 
R o l l i n q  Stock Brake Fai lure  ( h d z n g )  

Other 
Poox braking Due to Snow 

Loss of Consciousness of Traln Drive2 ( i l l n e s s ,  
drinking) 
Improper Application of Brakea by Train Drivcr 

Rolling Stock Brake F a l u r e  (hanclliuql 
Pwr braking Due to SIIOW 
Other 

Improper I n s t a l l a t i o n  of the Hand Brake 
Improper Applicstiect OE the Hand Brake 

Forgett lng to R m V e  Hdnd Brake 
O t h e r  

Improper Route Conta rmation 
Begin Shunting  Without Aslring for Route 

Other Inpropex Direction 
Train Driver's Improper Applicat ion of Braked 
Operation of Wrong hllinq s t o c k  
Other 

Incorrect  signal Uiring 
Incorrect  Interlocking  Device Hiring 
Incorrect  Track Circuit Uiring 
O t h e r  

Beginning Work without Appxoval 
Application for Approval  without CQnfinaing 
Last Train 
Beginning Hart on t h e  Wrong Track 
stop Signal Error on the S igna l  Caaaerned 
 emo oval of Track Closure before Notification 
that  t he  Work is Finished 
Other 

Derailment of Maintenance car 
Clearance Interference wleh E q u i w t  Cover On 
Maintenance Car 
Impact with Trolley or Trolley F a l l s  DoNn 
Other 

Automobile or crane car clearance Interference 
ConstructLon ater ia l  C I ~ ~ L ~ I C ~  Interfere- 
construct ion/Xaint tmnce parts cl-rance 

Other 

other 
Strong Wlnd 

Fall 
Entrance onto T r a c k s  
Other 

llmprgpper Confinnation ot LlurLcLlW C L W K a C e  
Impxoper confinnation of R o l l i n q  Stock 

Rolling Stock Brake Failure LlUGChWliCal) 

In te r fe rence  
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:ntrrtercrwr Clearance 

Duc tO Inproper Opera1 i o t a  Late Preparation to Stop  Train 
Derailment or Cnllision Improper  Preparation of Operation Control 

Control JudgmmnV 
or E1 r'Rcl.lons 

Emproper Fi l l i ng  Out of Operation  Motlfication 

Other 
Irproper Understanding of condi t ions 

Derailment OK CoI 1 is ion 
h e  to Croaszrrg 
Obstruction 

1 4 .  Derailment OK Collls~on 

Obstruction 
Uue to Cros+irtq 

15. Derai imnt  Uue t o  
Natural ?h+d.s~ er 

16. Trarn ConLrt-t w z t h  

Company's Zmployee 
Faployee 01: Cooporating 

17 .  Passenger Vallxng 
from Train  

I B .  Passenqez on l'l.+t.form 

with T r m n  
Falls or Makes contact 

2 0 .  

21. 

2%. 

7 3 .  

Train kzre 

c x  her Ueraxments am1 
Col l i s ions  

Other 

Motoris t ' s   Violat ion of Proper Drlvfng WMerL 
(collfsioal 

Crossang Gare (wiring, design, maintenance) 
Crossing G a t e  (c ross ing   subs t i t l l t e  lever) 
Crossing  Gate (other) 

Collapse of Roadbed (rain,  earthquake) 

Avalanche 
Collapse of Cut-Out Surface (rain. earthquake) 

stsong Wind 
R ~ d i n g  Up on Compacted Snow 

Collapsed Bridge Due to High River Water Level 
Col l i smn  with Large Animal 
Other 

No Lookout (includinq  vacancies) 

Other 
Improper Lookout 

Dragqing 
Door mpenina before  Train Stops 
othes boor Opening nlctake 
Open Door (bad equtpment OL ulringl 
Othez 

Passenger Ialres Consciousness (dmkenneas) 
Passenger Carelessness (pushing1 
Murder 
Other 

Track  overhang 
Improperly  Attached Track 
Impact w i t h  Tunnel 
Impact w i t h  Platform 
I*+oper Track Center Spacing 
sunken  Track 
other 

Brake Line Failure 
cont ro l  C i r c u i t  short 
Axle OK Bogie Frame Damage 

O t h e r  

electric Locomotive High Voltage 
cy rcuit Breaker Pa&luty 
Overheated  Exhaust P i p  WI 

Other 
I)iesel a c o m t l v e  

Error  Implementing S u b s t i t u t e  
Block  System 
Other 
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SAFEXY DATA EXCHANGE 

Joint PaDer by Davld  Maidment.  British  Rail  and  Michel  Join% SNCF. - 

Introduction 

railways would establish  ways of exchanging  safety  data  that   were relevant 
A t   t h e  Wellington  Conference in 1992, i t  was  agreed  that   interested 

to the  management  of  risk.  Existing UIC statistics were not  helpful, in 
that   they  were  too old  and  ill-defined to make  proper  comparisons  and 
identify  best  practice. 

In February 1993, six  western  European  nattonai  railway  systems (UK, 

system,  and, by the  summer,  had exchanged or proposed  data  on  some  nine 
France,  Netherlands.  Belglum, S~~tzer land ,   Germany)   es tab l i shed  a prototype 

toplcs of  key Interest to  the  partlcipants. 

Further  interest  has  been  expressed by railways In New Zealand  and 

paper s e e u  to  expiam  propress  so  far,  and  makes  proposals  ior  widening 
.I\uscralia, also the Mass Translr systems of Hong Kong and  Singapore. This 

t h e  number of railways  involved. 

Data  Exchange  Undertaken 

The  European  Rallways  mvolved  agreed  that  any  data  exchanged  should  be 
defined as precisely  as  possible.  and  normalised  against  populations of 
staff,  equipment or workload,  as  most  appropriate. 

The  following  subject  areas  have been analysed  and  the  broad  results  are 
attached  as  appendlces: 

i )  Trackside  Safety 

Fataltttes and in~ur les  EO employees  working on t h e  track  hit  by a 
train.  Data  broken  down by actlvity  (track  maintenance,  signal 
installation or repair,  overhead  electric  line  maintenance, 
shunting),  whether  employee or contractor,  normalised  against the 
number of employees In each  speclfied  activity. 

t i )  Falls  from T r a m  

Fatalities  and  injurles  to  passengers  falling  from  trains  when 

Statistics normaltsed  agalnst  the  number of passenger  journeys  per 
jotnlng,  alighting,  or e n  route.  Also  any  employees so injured. 

year. 

DJM0041093/fcp/l 
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V )  

Dangerous Goods - Serlous .Accidents 

Incidents  lnvolving  serious  outcome - fire, exploslon, derailment, 
collision or slgniflcant  release of toxic  substances,  normalised 
against workload (number of dangerous  goods  translts In tonne 
kilometres  per  annum). 

Accldents a t  Level Crosslnes 

Collisions  between  tralns and vehicles or  pedestrians at  level 
crossings, by type  of  crosslng  (protected  manually by barriers, 
automatic  barrier  crossing,  automatlc  crosslng  wlth  lights only, 

country);  data  normalised by number  of  type of crossing, car fleet 
open  crossing  unprotected,  pedestrian  crossing,  ie  footpath in open 

numbers  in  country,  number of train  kilometres  per annum, as 
available. 

Serious  Accidents  foliowine "Signals Passed a t  Danger" 

Accidents  causing  injury  or  fatality to employees  or  passengers, 
wlth  descrlptlon  and  indication of type of collision  (head  on, 
converging or rear  end),  normalised  by  train  kilometres  per annum. 

A t  t h e  most  recent  meeting of the railways  concerned, i t  was  agreed  to add: 

vi) Failure of  Monobloc Wheels (SNCB reauestl  

To establish  experience of other  rallways  followlng  the  potentlally 
catastrophic  failure of small  diameter  monobloc  wheels  on 

vehicles with thls type of wheel. 
internatlonal  frelght  carrying vehlcles; normalised by number of 

V I I )  Failure of Axle  Bearings (BR reauest) 

To identlfy  experlence and hoc axle-box  detection  policy, of 
contributing  rallways.  Number of failures  causing  collapse, 

passenger  vehicle/freight  vehicle  kilometres  per  annum  (separately). 
derailment and potential  injury or fatality,  normalised  by  number of 

viii) Accidents  at  Passenger  Statlon  Crossings (SNCF reauest) 

stations,  either  legally  (where  no  other means provided) or 
Fatalities and injuries to  passengers  crossing l ines  on t h e  level a t  

of passenger  ]ourneys/statlons. 
illegally  (where  subway,  bridge etc provided);  normalised  by  number 

IX) Trespass and Suicldes (BR reauest) 

Number of fatalities  and  Injuries,  analysed by type of incident 
where  possible  (eg  age band of victim,  whether  involved in 
vandalism,  suicide,  drunk etc); normalised  by  track  mileage, 
population. 

DJM0041093/fcp/2 



Lessons Learned 

obcainlng of data has met wl th  rnlxed success. Definitions have been hard 
~ l though  the   concept   has  been supported by all the  railways involved, the 

t o  agree, and some  quallficatlons of data  have  been necessary. Sot  all 
rallways  have  had  access to data In the  form  requlred.  However,  a useful 
s ta r t   has  been made, and  some  points of interest  have  emerged,  especially 
or! level  crossmg  acctdent  frequencles.  traln  falls  and  trackslde 
fatalities. 

I f  we persevere, a number of benefits can accrue: 

- identification of best practice 
- shared  research 
- communal  problem  solving 
- benchmark for own safety  performance 
- uniformity/improvement  of  standards. 

Way Forward 

A number of issues have  to be addressed to consolidate  work  done,  and  reap 
full  value. 

i )  Confidentlalitv of Data 

There  is  concern,  especlally  among some railways not yet  involved, 
that   data  could be  rnlsused.  This  could increase as  privatisation 

commercial importance. 
affects  more  ratlways zna safety  data  could  become of legal or 

I t  is suggested  that  all  participating  rallways  provide  the 
"collator" w t t h  f u l l  detalls. bu t  only average  data  (with  the  top 

to individual  railways.  Each  railway  could  then  compare i t s  
and  bottom  range of performance) is published,  without  attributlon 

performance  to the  axerage  and  the  range. 

Best   pract lce   ra~lways could be  asked to describe  their  systems of 
work for that  activity for subsequent  internattonal  safety  seminars. 

i i )  Administratlon 

At  present, SSCF has  collated and publlshed  data for t h e  group of 
partlcipatlng  rallways. It IS apparent   that   the   data  is most useful 
when  a  rallway IS about  to  undertake a particular  review, or study. 

I t  is suggested  that any  partlcipating  rallway  wlshing to initiate  a 
new  type of data  exchange: 

a)  designs t h e  proforma,  defines  the  data  and  norrnalising 
factors to be  used, and  sends the   reques t  to participating 
railways 

b)  collates  the  data  returned 

C )  publishes the  average and  range  of  performance to all those 
rallways  that have  contrlbuted  data. 



I I I ~  Oneolne r ~ v ~ s ~ o n  of data 

Some  rallways  cons~der  that  changmg  trends ~n performance will be 
more  ~llum~natlng  than "one off" exchanges. 

a simple  computer  package to be used on a common  bas~s. 
I t  could  be possible, ultimately, to   agree  a format   tha t  will enable 

It-is suggested  that  more  exper~ence IS gamed of the  data  so far 
exchanged, and the poss~b~l~tv  revlewed  a t   the   next   semmar.  

Recommendations 

1. Further  railways  are  inv~ted to exchange  data  on  the  topics  already 

2. Administration - collation,  analysis,  publication to participants - 

3. To respect  confidentlality, only data  averages  and  ranges  are 

originated by the  western European  group. 

is undertaken by Railway  requesting t h e  topic. 

published, wlthout t h e  consent of ~ndividual  rallways  concerned. 
Requests for ~dentlficatlon of "Bes t   P rac t~ce"   r a~ lway   can   be  
forwarded by the  admln~strat~ng  ra i lway.  

The  Internat~onal  Railway  Safety  Semmar IS asked t o  advlse on the  best  way 
to  progress  this  initiat~ve. 

D J  Maidment, British Rail 
M Joing, SNCF 

October 1993 
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Transport  of hazardous  substances 
General r i s k  assement  on SNCF network 

by Franqois PINTON 

Safety  Studies  Center 
Operaaon  expert 

On SNCF, the transport of hazardous  substances  accounts  for 15% of 
freight  shipments  per  year.  This  activity  poses  risks  to  the  environment 
and has a malor impact on the company's image. 

SNCF has conducted  an  overall  evaluation of transport-related risks but  
prior  to  explaming  the methodology applied, we should first give  a few 
background information. 

1. R e c e n t  acadents on the SNCF network 

In the  latest  period, SNCF expenenced  several  accidents involving 
hazardous  substances : 

- at Chavanay, on  December 3 ,  1990, where a train made of 22 tank- 
wagons loaded with lead-free  supergasoline was derailed on the running 
line while travelling  through  an  urban  area.  The  condition of the  track is 
meant to  be  the  reason f o r  t h e   d e r m e n t  of the first tank-wagon. A fire 
broke  out immediately, destroyed a house, a petrol-station and several 
lomes which were in the  vicinity of the  rdway.  Fire also affected nine 
tank-wagons loaded mth  supergasoline.  The  facilities were broadly 
reconditioned after nine  days'work. 

- at Aix-les -Bains,  on March 16, 1992, where a fraght train carrying 
vanous commodities was d e r d e d  when approaching the station. It is likely 
that an empty hopper-wagon for the carnage of gram was the first  to  be 
derded  and caused  the deriulment of another six wagons. An empty non- 
degasified tanker for dimethylamme and a  wagon containing diraethylcetone 
caught  fire which propagated  to  an ammorua-filled tanker. The disaster 
could be  kept  under  control owmg to  the  response of the fire brigade. 

L l  



3cme 700 local reszdents  haa :o be evacuated.  The fackbes were broadly 
rscon&Qoned after flve  days'work. 

- si la Voulte, on January 13, 1993, a tram made  of 20 tankers carrying 
lead-free  supergasoline was a e r d e d  in an urban  area. Five tankers  caught 
fly2 whlch propagated to ad;aCent property, two exploslons  occurred  and 
su3ergasome was spllled ~n :he local sewage  system and pumpmg plant. 
:?e deradment  is  hkely to be :he result of  some rolling srock failure. 

Fcrrunately,  there were no farahties In Connection wi th  the above-mentioned 
acc:dents . However their OCCurrence was Instrumental ri making pubhc 
opmon and the  company's top management aware of the nazard risp from 
the  transgort of dangerous  substances. 

2u-g the Chavannay  and la Voulte accldents in partzcear, SNCF had to 
face  mme&ately the damage caused by fire and  to  confront the polluting 
effect of hydrocarbon  splllage m the  ground.  The campany was thus 
ccmpelled to face the complex polluhon control  operabons and to  incur the 
resultant costs. 

2. Major hazard risks now part of SNCF's safety s e a t e a  

Maor hazard nsks are now P a y  taken  into  consideration  by the company, 
wllch  can be exemplified by  recent  lmtiatives  such  as : 

2.1. The  setiinq-up of CSMD 
(Safety Cornnuttee on Dangerous Substances). 

In  the second quarter of 1992, SNCF headquarters  deaded  to  set  up a 

management. At the planrung  and  enforcement stages, this committee works 
high-level committee, chared by the  Director in charge of infrastructure 

and mamtenance of fixed works and  traction & rolling stock) and the 
in conlunction wi th  engineennq  and  operating  services  (operations, design 

the  relevant ministries) 
f r s g h t  busmess  sector  (development of s emces ,  marketmg, lhsmg with 

it  was q v e n  the followmg rermt : 
- to  investigate  into malor lncldents or acudents  dunng  the  transport of 
hazardous  substances, 
- to reflect upon such  events m order to prevent them, 
- to  recommend quantified r s k  analysls and take any decision UI this 
respect. 

2.2.  The launching of a prosmctive  research  study 

At  I ts  first meeting, the  Safety C o m t t e e  on Dangerous  Substances  decided 
to  conduct a  wide-rangmg study of hazard risks from the transport of 

The study was Irutiated m September 1992 and f ina l  conclusions are 
dangerous  substances  by r d .  

expected for  the  end of 1993. 

- SECTOR : mdependent  consulting firm specialized in risk and complex- 
SNCF has called upon two consulting  firms  for this study : 

system management, 



- INERIS : a large  organlzabon m charge of studies  and tests falling 
under  the  Mmistnes for  :he Znvlronmenr and  for  Industry  and  providing 
consulting services. 

3 .  Outline of the study 

3.1 The amroach 

The  approach is threefold : 

- an overall n s k  assessment study : unlike studies  conducted on specific 
products  such  as  chlonne or  LPG, the  study encompasses all hazards and 
consequently all products, 

us IO produce  an overall nsk-plcture, to compare the  frequency of such 
- a guanQfied nsk  assessment study : P r o b a b a t y  calculabons  have  enabled 

of specific safety  objecbves. 
events  but this process dld not go as  far  as  working toward the attainment 

- a study on the  strenqth of reclpients : The  transport of dangerous 
substances  by r& is based upon the  safe running of freight trains and on 

tankers  are  quite  stringent  and  vary  according  to  the commodity carried. 
the  charactensbcs of reclplents.  Standards  goverrung  the  construction of 

3.2 Three  phases 

The study 1s implemented m three  phases : 

- review of traffic-patterns, classlfication of products and reapients, 

- review of critical  events, evaluation of their possible  occurrence and of 
their  consequences. 

- nsk analysls  conducted on actual cases: 
Three sites were  selected : two large marshalling yards  and a medium-sized 
stabon . Two sections of route were selected . They are located 
respectively  between Pans and Normandy and along the Rh6ne valley in the 

order  to  cover the widest range posslble of environmental  situations. 
Lyon area. Fixed sites  and  sectlons of route were carefully  selected in 

4.Traffic pattern analysis and classification of products and wagons 

Dangerous  substances IS a genenc term used for a  wide range of products 
such  as : fuels  and spmts, chermcals and also garbage  or melting metal  
under  controlled  temperature.  This does not indude such  products as 

pollubon  problems  followng the  loss of containment. 
detergents  or  certam  categones of fertilizers  which may give rise to major 

The  study reviewed all products  carned by rail, the ex1stm.g nomenclatures 
and identified traffic-flows m connecbon with each item. 



Then, on the  basis of a  nomenclature used  for  quoting  frelght transport 
pnces,  products  were  analysea  and combined Into  classes  as long as  they 
were homogeneous wth  regard t o  the  hazard  under  consideration. A typical 
product was then  selected  wthm  each  class. 

TSe same classificatlon  exerclze took place for tank-wagons carrying 
danqerous  goods. Without expanding upon the   de t aed  techrucal features 
prescr,bed by the  relevant  regulaQons  accordmg  to  the commodity, seven 
mam tanker-categories could be ldenbfied : 

Appendix 1 sets  out  the  agreed  classes. 

5. Definition of critical  events,  evaluabon of their possible  occurrences and 
consequences 

5.1.7he definition of cntical  events 

From the  outset,  the  seven malor nsks  which w d  be  referred  to as 
"cntical  events",  were  established : 

- BLEVE : borling hquld  expandmg  vapour  exploslon 

- W C E  : unconfined vapour cloud exglosion 

- TOXIC releases : a large volume  of toxic gas IS released in the air 

- Pollution of ground 

- Pollubon of water 

- Explosion : ths applies to  the explosion of pyrotechnic  substances  or 
military ammunition whereas W C E  is mamly a problem with  LPG. 

Appendix 2 surnames  the  cntical   events in connection wi th  every class. 

5 . 2 .  The probability calculations 

The possible  occurrence of each cntical  event is based on the analysis of 
acudent-data : 

inadent  or  accident  records : thus  three m a i n  data-bases wese set up : 
This  study  provided us wth the  opportunity of compiling numerous 

- a  revlew of der-ents involvlng  dangerous  goods  over 17 years ( 117 
events ) 

over 10 years (110 events) 
- a  comprehensive  review of der-ents of f r agh t  trauls d w g  transit, 

medium-sized statlon,  internodal  traffic  ternunal, stagmg yard, dock 
- a survey on shuntmg incidents in vanous facilities : marshalling yard, 

radway (245 events). 

Quanbficatlon  pnnclples  are  dustrated wth trees in Appendix 3. 



5 . 3 .  The  evaluabon of effects r 

The effects of each cnbcal  event  are  evaluated on the basis of models 
w d c h  are of standard use In the chermcal and oil industries  for hazard 
analysis purposes. 

L 

Then assumpbons were taken as to : 

- +he  typical  environmental  conditions  (weather  conditions, local 
topography) r 

- the  typical  condibons  for loss of contauunent  (size of gaps, loading 
conditions). 

The study  gives,  for each event,  the  lethal  radius w~th regard to : 

- the  concentration of toxic gas In the air, 
- &e shock-wave followmg an explosion, 

- thermal  radiation. 

Consequently, the  distance  beyond which there is no risk of lethal effects 
can be determined. 

L 

6. Preliminary findings 

6.1. The most critical  hazards 

The most critical  hazards  posed  by  shipments  are the followmg: 

- the transport of hydrocarbons on the main line 

- shunting movements applied t o  wagons carrymg toxic products 

6.2. The  effectiveness of preventive  measures 

Furthermore,  the  study  enabled us to  measure the effectiveness of the 
preventive  steps  taken  to  lessen  the rail risk  associated  with  hazardous 
substances. 

A number of assumptions  could be  tested  i.e. : 

- orgaruzational  measures wth a view to  reducing  derailment-risks  during 
shunang : they m d y  have an mfluence  on  toxic-release risks, 

- technical  mprovements on wagons carrying some products : they mainly 

translt on the mam line, 
have an influence on the  nsk of highly toxlc releases from products  during 

m the country : they  have an mfluence on fire-nsks generated by 
- malor investment programmes to upgrade fixed works and railway tracks 

deradments . 



The study has fulfilled one of the renuts . It has provided guidelines and 

Investment strategy. 
recommendations to SNCF's top management in terms of safety-related 

F 

October, 1993 



Appendix 1 

il Contents 

I c h l o r u r e  de methyle 
, propane 

: gaz o i l  
1 supercarburant  

v i d e  de supercarburant 
v lny lbenzene  (s ty rene)  

engra i  s azotes 
a l c o o l   e t h y l i q u e  

n i t r a t e  d'ammonium 
cyanure de  sodium 

/ I ch lo re  

Classes  agreed f o r   t h e   s t u d y  

I amrnonl ac 
ac i   de f 1 uorhydr ique 
soude  caust ique 
engra i  s phosphates 
chorure  de  potassium h i g h   s i d e d  open  goods wagon 

Seven  maln  tank-wagon  categor ies  have  been  ident i f  

R e c i p i e n t  

covered wagon 
tank wagon B 
tank  wagon B 
tank wagon 8 
tank wagon 8' 
tank wagon B 
tank wagon A 

tank wagon A 
tank wagon A 

tank  wagon A 
tank  wagon C 

hopper wagon 
tank wagon D 
tank  wagon C 

f l a t  sheeted wagon 
tank wagon F 

tank  wagon B '  
tanK wagon E 

tank  wagon F 
tank  wagon C 
tank  wagon A 

Contents 

ma t i   e res   exp los i ves  
c h l o r u r e  de v i n y l e  
bu tad iene  
butane 
propane 
ch lo rure   de   methy le  
supercarburant  
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v i ny lbenzene   ( s t y rene)  
v i d e  de supercarburant 
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s o u f f   r e  
eau  oxygenee 

I n i t r a t e  d'ammonium 
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chl  o r e  
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eng ra i  s phosphates 

i 
t 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

- - 

- - 
uvce - - 

X 

X 

X 

X 

X 

X 
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X 
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X 
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X 
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X 

X 
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X 

X 
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0.2% 

3.8% 
1.9% 

9.2% 
2.3% 

3.3% 
14.6% 
11.7% 
14.6% 

2.2% 
0.8% 

1.5% 
2.7% 
0.3% 
3.8% 
0.5% 
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0.1% 
3.6% 

0.9% 
6.4% 
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ST. LEONARD D'ASTON... 

A story of communication and cooperation 



1 - The  following  slide  presentation will discuss the accident and 

the emergency measures  that were implemented at St. Leonard 

d'Aston. 

2 - First, here are some  basic details. At 10:45 am. rain 429 

with 5 locomotives & 92 cars travelling from Chamy to 

Montreal derailed 33 cars  at  St.Lt5onard  d'Aston at mile 80.17 

on  the  Drummondville subdivision. 15 of these cars contained 

dangerous commodities such a sodium hydroxide, used 

lubricating oil, styrene monomer and chlorine. 

3 - St. Leonard d' Aston is a small town  with  about 2, 100 

residents. It is located about 20 km northeast of 
Drummondville,  Quebec.  The Nkolet River lies near the 

southwest end of town. 

4 - This is an aerial view of the accident. The local fire station and 

the  Local Cenaer of Community Services were near the 

accident site. The derailed cars were  spread along 150 metres 

of track in a gigantic 12-metre high pile-up. A local newspapcr 

described the scene as being " as high as the Quebec Hydro 

electrical lines." 

1 



5 - There were about 10 houses near the area of the accident site. 

Two of them were damaged, but fortunately no  one was  hurt. 

Since the  accident  occurred in the  morning,  most of the 
residents were either at work or at school rather than in their 

homes. 

6 - This house was surrounded by cars that jumped the tracks. An 

ATCO mobile  unit was being  used  by Bridges & Sn~cnues 
employees only ten minutes before the accident. It was 

crushed under  the derailed cars. The GO team inspectors 

discovered a  propane leak &om the unit. Corrective measures 
were taken immediately so there  was no danger of Fxe. If you 

look closely you can see a  motor home squashed under the 

hopper car. 

7- This is a  list of the  contents of the 33 derailed cars. The 

four cars of chlorine were potentially the most  dangerous. 

These cars had  to  be handled with extreme care. The cranes on 

site lifted the cars of chlorine and styrene monomer without 

difficulty. 

However  the  car of used lubricating oil did cause some 
problems. It was leaking and 10,000 gallons of oil had to be 

recovered from the ground. All eight cars of sodium hydroxide, 

also known as caustic soda, were perforated.  Only 32,000 

gallons out of a  total load of 89, 000 gallons were recovered. Of 

the remaining 57,000 gallons, an indefinite amount leaked 

towards the river and the rest was absorbed by the ground. 
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More  than 5,000 cubic  metres of soil were  contaminated by the 

caustic  soda.  Experts estimated that it would cost about 2.5 

million doI1ars  to neutralize the soil on the site.  Such a 

procedure would entail environmental risks. 

Together  with Environment Canada  and Environment Quebec, 

the decision was  made to trmspon the contaminated soil to 

Taschereau  Yard for processing. This proved to be  the best 

solution and the most economical. The total cost was  less  than 

750.000 dollars. 

8 - Let's take a chronological look at the events as they happened. 

-- At 10:45 the train conductor advises the dispatcher of the 

accident. 

-- At I0:46 the assistant chief  and  chief dispatcher are 

advised of the situation. 

-- At 10:48 R.O.C.O. is informed  and sets the alert plan in 

motion. 

-- At 10:49 the  chief dispatcher calls the =ah conductor for 

more information. 

-- At 1052 the  chief dispatcher informs the Quebec 

Provincial Police of the derailment explaining that 

dangerous commodities such  as chlorine  are involved. 
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9 - At 1055 the district manager activates the district emergency 

plan. 

--By 11:00, just 15 minutes after the accident occurred, all 

the members of the crisis management  team have been alerted 

and are preparing for action.  The  various divisions involved in 
this process are: Telecommunications, Engineering, 

Transportation, Safety  and Loss Control. Environment, 

Equipment,  Public Affairs and CN Police. 

--At 11:15, the  QPP arrive on the scene. They notice a cloud 

of smoke rising from the accident site.  They  believed it was 

caused by a chlorine leak and  proceeded to evacuate the 

surrounding area. This affected  about 125 persons, many of 
them from a nearby  senior citizen's home. Later, it was 

learned that no chlorine leak existed. The cloud of smoke was 

probably caused by a chemical reaction between the 

aluminium and  the caustic soda. 

10 By 11:45 the  trainmaster is on the  site. His work included 

verifying documentation, evaluating the situation,  reporting to 

the chief controller  and R.O.C.O. and  meeting with the chief 

fireman. 

--At 13:05, the district manager is evaluating the situation on 
the site. 
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1 1 - An imposing array of equipment was sent to  St. Leonard 

d'kton .  

1 2 -  

-- By 13:10, mobile 3 anives from Taschereau Yard. This is 

an important resource for the technicians who immediately 

begin to search for leaks  coming from the derailed cars. 
-- At 13:15 two speciaIIy equipped mobile units are available 

to C N s  team. A mobile  home housing several 

communications facilities serves  as the command post. It is 
staffed around the  clock to ensure constant communication. 

The other unit, an ATCO, is used as a conference room. 

-- At 13:20 a 100-metre safety perimeter is estabIished. 

By 13:30 CN crews begin  to  clear the derailed cars from the 

mcks. With the help of specialized companies like Sanivan, 

Sani-Mobile and Servac, the crews start to collect pollutants. 

-- At 13:35 a major coordination plan for the sight is 

established and every team member is reminded of his 

responsibilities. 

-- At 13:45, the district manager and the Public Affairs 

manager  meet the mayor, civil protection director and other 

intervening panies. This set the pace to establish rapport 

among all the parties involved. 
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1 3 - This is a diagram of the various parties that  made up the crisis 

management team. 

-- The site manager's main responsibilities were to establish a 

global  plan of action  and supervise all operations. 

-- The assistant site manager operated the  command post and 

kept an operation register. 

-- The role of the Public Affairs manager  was  to act as the 

officid spokesperson with the  media, government 

authorities, local representatives, community leaders, 

accident victims and official  organizations. He also organized 

the  media's visits to the site. 

-- Intervening parties such as Environment Canada, 

Environment Quebec, The  American  Railways Association, 

Transport Canada and  chemical industry representatives 

made a significant conrribution to our success because of 

their experience and  expertise. 

-- The role of C N ' s  Safety  and  Environment officers was to 

ensure the population's and employees health and safety, 

protect  the  environment  and decide on the most effective 

decontamination methods. 

-- The role of  the  Transportation officer was to coordinate the 

train  movements. 

-- The GO team,  which is part of the  Equipment  department, 

was responsible for checking for leaks and declaring the site 

safe for the workers. The other Equipment department team 

members lifted the cars and cleared the site. 
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-- Engineering reconstructed the tracks and restored the signal 

system. 

-- General Claims was  there to minimize the economic 

comequences of the  accident  while senling claims in an 

equitable  manner. 

-- The CN Police was responsible for traffic control, public 

surveillance and protecting life and property. 

1 4  - Here we see one of the  severely  damaged, leaking sodium 
hydroxide cars. Sodium hydroxide is corrosive and  dangerous 

if it comes into contact with skin and eyes. Personnel handling 
this chemical wore protective clothing, safety glasses and 

rubber boots. 

1 5 - Here we see the location of the mobile  homes that served as 

the  command post and  the conference room. The red circle 

around the impact point represents  the  established 100-metre 

safety  perimeter. 

16- Another safety perimeter was established during the most 

criticd portion of the work: the lifting of the chlorine cars on 

December 14. The safety perimeter r'quired an evacuation 

involving 800 persons. When the wincis changed direction, an 

additional 200 persons were affected. 
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We also see  the  location of the  field-hospital  set up in the fue 

station  and  the town hall. This emergency facility, provided by 

OSMOCO, included  showers,  beds  and cardiac resuscitation 

equipment etc. You also see a  solid blue line representing  the 

evacuated 800 meter perimeter. 

17 - To inform and reassure the population, several meetings were 

organized by the regional manager-Public Affairs and the site 

managers. 

The public authorities  were informed daily on the progress of 

the work.  One information  session  was ais0 organized each 
day  for the media and the general population. 

1 8 - The  pankipants in the two daily on site meetings were 

Transportation, Car Equipment, Engineering, Public Affairs, 

General Claims, CN Police and Transport  Canada, city leaders, 

Environment, Safety 62 Loss Control. 

The objectives of these meetings were to define an intervention 

strategy, to establish a work plan  and to ensure consultation 

and feedback. 

i 
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1 9 - This is the photograph that accompanied the front page story 

about the derailment in the local  Le Nouvelliste newspaper. 
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2 0 - One of the stones carried by the paper explained how some 

Spanish  observers (equivalent to Protection Civile) were  very 

impressed by the crisis intervention and clean-up process on 

the derailment site. 

21- The City of StLeonard  dAston issued this invitation  to  a 

community  celebration after the derailment for all the 

volonteers on  Feb. 10. 

A meeting of all parties involved in the re-establishment of the 

normal  situation also took place in St. Leonard  d'Aston on 

Feb. 16. 

This debriefing exercise permitted a step by step analysis of 

the operations development  and put in evidence the strong 

points and weaknesses of our emergency measures plan. 

22- To round out  this presentation, we go back to the source. 

Although it is still under investigation, it is  believed that this 

broken piece of rail caused the accident. 

The broken rail was put new in 1974 and  manucfatured  by 

Sysco. 19 days  before the derailment it had been inspected by 

a  Dapco Ulna Sonic inspection vehicle. There was no defect 

found at the  derailment location. However it had detected 

defects in the rail at another insulated joint located on the 

opposite rail some 500 ft east of the derailment. 
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23 - (Conclusion) 

There  were several factors  involved in the crisis management 

operation at St.Leonard d'Aston. Perhaps the most notable factor 

was communication. In meetings  with town leaders and  media 

organized by CN Public Affairs, the dismict  manager's assurances that 

the situation was fully under control  helped to establish CNs 

credibility. The daily meetings  held with all intervening parties 

ensured that they  were  kept abreast of the plans of action and 

constant realization of those  plans. The communications hardware 

such as cellular phones, a fax machine and portable radios lead to an 

all-around smooth operation at St. Leonard dAston. 

10 
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EMERGENCY MEASURES PLAN 
. 

Planning Methodology 

Compliance with Legislation 

Risk Analysis 

Control Methods 

Plan  Draft 

Harmonization 

Training Program 

Simularion  Exercise 



I EMERGENCY MEASURES PLAN 

Risk Analysis 

0 Determine Weaknesses 

- historical study 

- qualitative study 

- determine probabilities 

0 Analyze Failure Modes 

- preliminary risklcause anaiysis 

- failure mode analysis 

D effects 

% criticality 



I EMERGENCY MEASURE3 PLAN 

Control Methods 

0 Facilities Map 

- standardization of symbols 

P National  Fire  Protection Association 

- emergency response  equipment 

>> HAZMAT 

% extinction 

u extraction 

- aerial photos 

- area maps 

P geomatics 

- Dispersion Software  Analyzer 



EMERGENCY MEASURES PLAN 

Control Methods 

PAPER OR COMPUTER SIMULATIONS 

- view the  evacuation procedure 

- establish access routes 

- evaluate response methods 

- evaluate resource requirements 

analyze response  time 

. analyze ecoIogical problems 

- analyze the environment [other risks) 

develop response and control strategy 



I EMERGENCY MEASURES  PLAN 

Control Methods 

0 TELECOMMUNICATIONS PLAN 

- telephone lines 

- fax machines 

- two-way radios 

- CBs 

- pagers 

- etc. 

L 



I EMERGENCY MEASURES PLAN 

Plan Draft 

0 DEFINE RlESPONSIBILITIES 

- organization  chart 

- responders' responsibilities 

n internal 

0 coordinator 

0 team leaders 

0 team  members 

personnel 

0 public  relations 

* external 

0 forest  fire  fighters 

0 police officers 

ambulance attendants 

0 outside firms 

0 etc. 



W EMERGENCY MEASURJ3S PLAN 

Plan Draft 

a 

0 

0 

EMERGENCY PROCEDURES 

- tire 

- spills 

- injuries 

- bomb threats 

- etc . 

ALERT PLAN 

" alert procedure flowchart 

- telephone directory 

PEllEvENTrvE MEASURES 
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I EMERGENCY MEASURES PLAN 

Harmonization 

0 Present the plan to the various  responders  involved 

" Study sessions to integrate the various response plans 

- Adjust plan as required 

0 Establish a specific response plan 

0 Harmonize plan with external responders' plans 



I EMERGENCY MEASURES PLAN 

Training Program 

0 Management 

- Employees 

- Emergency  response teams 

0 Simulation exercise 

- Internal 

- With various responders 



EMERGENCY MEASURES PLAN 

Conclusion 

0 Emergency Measures Planning 

- A step in the risk prevention process 

0 Risks could be from various sources: 

. Personal injuries 

- Social conflict 

- Fire 

Explosion 

- Toxic spills 

- Natural disaster 



1993 ANGERS 

26 October - 28 October 1993 
Hotel Mercure, Angers, France 

Paper 9330 

Paul  Abbott 

Transport of hazardous  substances 
Health and Safety  sub-committee, 

A British  Rail  View 



International Railway  Safety 

Seminar 1993 

TRANSPORT  OF  DANGEROUS  SUBSTANCES : 
HEALTH  AND  SAFETY SUB COMMITTEE 

REPORT. A BRITISH  RAIL VIEW 

Paul ABBOTT 

Standards  Manager 
Special Operations 

British Railways 



INTERNATIONAL  RAILWAY  SAFETY  SEMINAR,  OCTOBER 1993 Londonw21FT 

TIphorr071922(L(il(l 

F u  071 922 4324 

RESPONSE  TO THE HEALTH 8 SAFETY  EXECUTIVE  ADVISORY COMMllTEE ON 

DANGEROUS  SUBSTANCES  SUB  COMMITTEE REPORT - A BRITISH  RAIL VIEW. 
r 

L 

Paul  Abbott 

British  Rail HQ 

1. INTRODUCTION 

The  work of  the  ACDS  Sub  Commlttee  complements the British  Railways  Board 
commitment  to  running  a  safe  railway.  The  Board  has  a  continuous  programme  of 

Improvement In safety  performance.  Full  support  was  given to the Sub  Committee's  work  to 

help  ensure  an  accurate  and  meanlngful  outcome  to  the 5 year  study.  This  paper 
addresses  some of the  issues  Involved  and  the  recommendations  relating to rail transport. 

2. MANAGEMENT OF SAFETY 

Whilst  the  Report  concludes  that  the  most  slgnificant  nsks  studled  are  tolerable but not 

negligible it also  emphasises  the  key  role of  management  In  ensuring  safety in transport - as 
indeed in the  workplace  generally  The  Implication for nsks to increase  if  standards  of 

safety  management  fall  is  well  recognised by British  Rail. 

At the  same  time It IS essential  that  changes In safety  requirements  consider  carefully  and 
objectively  the cost effectiveness  of  what  is  proposed  agalnst  the  inherent  risk.  The  Board 

has set a  range of strategic  Safety  Oblectlves for 1993/4.  These  cover  the  whole 
operational range withln  British  Rail  of  which  the  carnage  of  hazardous  substances is but 

one  specialised part. The  work  of the  Sub  Committee  covered  a  specialised  area but it  is 
important  that the safety  process  addresses  reasons for actual and potential non 
conformance  whether  or not hazardous  substances are directly  involved. 



3. USE OF QUANTIFIED  RISK  ASSESSMENT (QRA) 

At the  time  the  Sub  Committee's  work  began  histoncal  incident  data  was  widely  used  as  a 
means  of  consrdenng  how  Improvements  mlght  be  made  In  areas  such  as  wagon  design, 
railway  operatrng  rules  and  regulatlons. As we  will  see  later,  further  improvements  to  the 
incldent  database reman important. 

However  British  Rail  was  already  looklng  at  the  application  of QRA as  an aid to the 
management  of  safety  and  had  engaged  consultants to consider  how  this  might  best  be 
done.  The  implications  of  altematlve  routings  of a specified  flow  of  Liquefied  Petroleum 
Gas  were  considered  taking  account  of  lineside  population (1). A further QRA study 
revlewed  the  British  Rail  requirements  for  the  formation of trains  canying  hazardous 
substances - separatlon  and  compatibility (2). Again  societal  risks  were  considered.  These 
studles,  parallelmg  the  work  of the Sub  Comrnlttee,  gave  us  confidence in the  application  of 
QRA to  transport. A further QRA study  has  also  been  undertaken  to  consider  the  risks  at 
transfer  termlnals  in  changlng  from  the  use  of  conventional  wagons to containers for the 
carriage  of  exploslves.  An  extenslon  of  the  Sub  Committee  work  on  petroleum  transport 
has  also  been  undertaken  This I S  belng  followed  up with work  to  reduce  risks in the  key 
areas  of  track,  operation  and  wagon  rntegnty.  Generally  the  Board  is  now using QRA as  a 
means  of  focusing  management effort on key  risks, for  example  on  lines  of  rail  route. 

4. RAIL V ROAD 

The  Report  concludes that  "one  cannot pstifiably say that road is safer  than rail or  vlce 
versa"  nor is there  lustification  "for  legislation  existing on a  general  transfer. on safety 
grounds,  from  road  to  rail  or  the  reverse". 

However  In  consldering  this  general  statement it is important  that  the  detail of Appendix 11 

Of the  report is studied  carefully.  There  are  uncertalnties  inherent in the  study.  For  example 
the BR data  includes  actual  petroleum  Incidents  whereas  generally  that  for  the  other 
reference  hazardous  substances  studled  (chlonne,  ammonia  and  LPG)  are  based  on 
englneenng  Judgement.  There has never  been  an  event  involving  the  breach of a  liquefied 
gas  tank  on  British  Rail.  Appendix 11 also  points  out that the  transport  of  petroleum  spirit - 
the  single  biggest  tonnage of hazardous  substances moved by rail - is estimated to be safer 

by rail  than  road  with LPG  broadly  comparable.  Both of these substances, indeed the 
majority  of  hazardous  substances.  have  a  relatively  limited  range in the  event of an incident 
whereas  the  potential  long  range  effect  of  a  toxic gas release  coupled with the historic 
routing  of  main  rail  lines  through  built-up areas  indicates  that the rail  movement of toxic 
gases,  In  certaln  cases,  is  less  safe  than  road. 



The  study  emphaslses  the  need  to  consider  the  detail of actual  routes  involved.  Remember 

that  neither  rall  nor  road  transport  of  hazardous  matenals  present  an  intolerable  level of risk. 
It  is  important  that  each  mode IS inherently  safe,  particularly  with  the  spread  of  intennodal 

transport. P 
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5. PRIVATE  FACILITIES  AND  EQUIPMENT 

5.1 TERMINAL  FACILITIES 

It should  perhaps  be  pomted  out  that  virtually  all  wagons  carrying  bulk  hazardous 
substances  are  loaded  and  discharged  in  pnvately  owned  facilities.  These  facilities  are 
often  subject to statutory  regulation  such  as  the  Control of Industrial  Major  Accident 
Hazard  Regulations 1984. 

British  Rail  has  established  anangements.  agreed  with  industry  to  ensure.- 

- detailed BR input  to  the  planning  of  new  facilities. 
- agreed  operating  arrangements to ensure  safe  access to the  facility. 
- wagons  are  offered  to  British  Rail  with  valves,  lids  etc.  safely  secured; 
containment  integrity  is  an  essential  input to safe  carriage. 

These  anangements  require  close  liaison  at local level  between  British  Rail  and  the 
facility operator. 

5.2 WAGONS  AND  CONTAINERS 

With the  exception  of  container  carriers,  most  wagons  carrying  hazardous  substances 
are  also  privately  owned.  Design,  construction  and  maintenance  are to standards  set  by 
British Rail,  wlth  industry  Involvement,  to  ensure  fitness  for  purpose.  Container  wagons 
are generally  owned  by  British  Rail  unlike  most  containers  including  those  for  hazardous 
substances  which  are  privately owned.  Standards  requirements follow  similar 
arrangements  for  wagon  provision. 

6. REPORT  RECOMMENDATIONS 

Few of the  risks  identified in the  report  are  negligible. It is  essential that the  required 
standards  are  soundly  based  and  audited  to  ensure  compliance. Access to professional 
safety  and  specialist  chemicals  advice,  together with skills training to give  the  appropriate 
competencies  are  essential  to  achlevement  of  these  standards. 

i 

The  following  considers  the  speclftc  recommendations  relating to rall. 



6.1 WAGON  DESIGN 

The  report  suggests  a  detalled  study  of  the  design  and  construction  requirement  of  tank 
wagons  used  for  petrc -Irm and  ammonia. It must  be  appreciated  that  British  Rail  has 
had  these  standards dGCUmented for  some  years  based  on  RID (3). They  have 
developed  through  constant  revlew In response,  e.g.,  to  feedback  from  accidents,  from 
technologlcal  advancement,  from  Industry  and  from  the  rail  buslness  need  to  remain 
competltive  In  the  market  place  Speclfic  deslgns  are  developed on the  basis  of  these 
standards.  The  process  of  changes  of  a  reasonably  practicable  nature  to  reduce  nsk IS 

never  ending.  The  "gross  disproportlon"  pnnciple  identified in the  report  together  with 
the not intolerable  risk  levels  actually  achleved has to  be  considered,  there  belng  little 
indication  of  any  major  areas  where  change is justified. 

Equally  important  Britrsh  Rall  also  has similarly developed  and  documented  standards 
for the  In  servlce  maintenance  of  wagons to ensure  safe  operation.  Private  wagon 
owners  co-operate  fully in the  appllcatlon of these  requirements to their  wagons. 
Increasingly in future  lntematlonally  developed  standards  will have to be considered for 
inclusion In  British  Rail's  requlrements - again  with  the  Involvement  of  industry. 

6.2 TRANSPORT OF EXPLOSIVES 

The  report  makes  a  number  of  recommendations in relation  to the rail  transport  of 
explosives.  The  study  mentions  the  fact  that  British  Rail is moving  away  from  the  use Of 

conventional  wagons  towards  the  use  of  containers in response to market  changes and 
pressures  although the work  did not  extend to intermodal  studies.  The  intermodal 
implications  mean that changes  to  requlrements for road  transport  of  explosives will in 
many  cases  apply  equally to rail.  British  Rail is keeping  a  close  watch on a 
developments in contalner construction requlrements in an  area  where  purpose  built 
equipment IS often  necessary. 

Arrangements for welght  llmlts  of  exploswes  during  train  formaQon  have  been In 
existence  for  many  years.  They  were  amended as recently as 1990 incorporating 
separation  by  Hazard  Division  maintainlng  British  Rail's  excellent safety record in 
transpomng  explosives.  The  HSE  proposal for further  separation  into  smaller net 
exploslve  tonnage  groups  would,  wlth  conventional  wagons, be a  much  more  inflexible 
and costly  arrangement  than IS presently  undertaken.  At  the  same  time the 
improvement in risk  levels is likely  to be small.  Initial  considerations  suggest  that  with 
containers  such an arrangement IS more  ltkely  to be reasonably  practicable. 
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Another  benefit  with  the  use of containers IS that  traditional  shunting,  already  much 
reduced,  will  virtually  dlsappear  for  explosives  movements. A further  benefh  will be the 
reduction  of  risks  assoclated  with  break-bulk  loading  of  conventlonal  wagons  although 
different  risks  assoclated  wlth  container  transfer  have  to  be  considered. 
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6.3 SPECIALIST  DRIVERS 

As  mentioned  in  the  Sub  Committee’s  report  the  selection  process for Drivers  already 
ensures  we  choose  staff of the  appropnate  standard.  Organisationally,  as  individual  Rail 
Businesses  own  particular  product  movements,  British  Rail  is  moving  towards  work i 
specialisation  on  the  part  of  train  crews - and  therefore  the  hazardous  materials  with 
which  they  are  involved. 

r 

Probably  the  most  important part of  the  competency  required  of  tram  crews,  withln  the 
rules  and  regulations  involved, is the  need  to  know  how  to  respond  safely  and  effectively 
when  an  incident  or  emergency  occurs  involving  hazardous  materials. 

The  extent  to  whlch  the  existing  more  general  training  content  needs to be  improved, 
perhaps to give  more  information on the  dangerous  goods  being  carried, is being 
examined  with  an  eye  on  road  driver  training  requirements.  Already  the  on  train 
Information  available to the  train  crew  has  been  enhanced  as  an aid to knowledge  both 
of  the  properties  of  the  hazardous  material  and  personal  safety. 

What is important,  In  addition  to  the  operational  safety  requirements  at  an  Incident, is 
that  prompt  accurate  advice IS given to  the  Emergency  Services both of the 
circumstances  of  an  incrdent  and  the  hazardous  materials  present.  The  means  of 
emphasising  the  importance  of  this  advice  and  getting  the  message  across to train 
crews  e.g.  through  the  use  of safety briefings, IS belng  considered. 

6.4 RESPIRATORY  EQUIPMENT 

The  report  recommendation  needs  much  more  study in terms  of  practicability  and 
potential  benefit - partrcularly  on rall where a variety  of  hazardous  substances  may  be 
carried  on  one  train.  Further  discusslon  with  the HSE is necessary,  particularly in 
relation  to  use  for  safe  emergency  evacuation  of  the  train  crew  from  the  site  of an 
incident. 



6.5 INFORMATION  FROM  SITE 

Mentlon has already  been  made  of  the  Importance  of  accurate  information bang made 
promptly  available  from  the  site  of  an Incident, thls  belng an essential input to  an 
effectwe  emergency  response. 

Bntlsh  Rad  has  Invested  heavdy In on-tram  radlo  systems  avarlable  to the tram  crew  and 
incorporating an emergency call faclllty.  These  enable  a  much  qulcker  notlfication  from 
site.  Even  If  the  tram  crew  are  rncapacltated  such  that  they  cannot  use  this  equipment, 
modem  signallrng  means  that  lack of tram  movement or a  problem  will  quickly  become 
evrdent. lnformatlon of  dangerous  goods In wagons or containers  on  a train is held in 
the  Bntish  Rail  Total  Operatlons  Processlng  System  (TOPS) whch can be Interrogated, 
givrng lnformatlon to  Emergency  Servlces  even  before  they  arrive on site. 

Although  satellite  tracklng  systems  are  bemg  considered,  they  would need considerable 
sophlstlcatron  to  gwe  details  of  exact on slte  circumstances. 

6.6 EMERGENCY  RESPONSE 

Clearly the priority  is  preventlon but accldents  will  happen.  British  Rail is committed  to 
having an effective lialson  wlth the Emergency  Services  and  a full joint understanding of 
roles  and  responslbilities  partlcularly In relation  to  command and control at an incident or 
emergency.  Forward  plannlng is essential  as IS a  detailed  understanding by the 
Emergency  Servlces  of  the  British  Rail  safety  procedures  and  equipment. 

British  Rail  organise.  with  British  Transport  Police faulitation, table  top  command and 
control  exercises in each  county  each  year  Involving  British  Rail  and the emergency 
agencies. The exercises  are  supplemented by BR assisting  provision of scenarios  and 
stock,  with the lnvolvement  of  industry for freight  vehicles, for full size  exercises. 

These often involve  dangerous  goods  scenanos and in some  cases  are  specifically 
organlsed to test  rail  forwarders or commodlty  owners  specialised  support  emergency 
plans. 

It should be noted that for each  occasion  hazardous  substances are  carried, British Rail 
obtarns from the  product  owner  a spec~al~st advice  contact,  available 24 hours, who can 
support the Emergency  Servlces if necessary.  Speclalist  assfstance  may be provided 
through the Chemlcal  Industries  Assoaation's mutual aid  CHEMSAFE  scheme or 
lndustnes  speclalist  response  arrangements  such as "Ammonia A id  



British  Rail  has  also  helped  the  National  Fire  Service  College  at  Moreton-in-Marsh 
establlsh  a  rail  training  facillty  with  locomotives,  passenger  and  freight  vehides  including 
various  types of hazardous  substance  wagons  and  containers,  also  electrified  lines  and 
other  railway  equipment.  Once  agam  Industry  help  has  been  readily  forthcoming to 
assist  In  this  important  means of educating  Emergency  Services  to  potential  problems 
assoclated  with  response  to a rall  incident. 
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In addition  Britlsh  Rail  produces  "lineslde  safety  videos",  hazardous  substance 
information  documents  and  leaflets  which  supplement  the  exerctse  and  regular  liaison 
between  British  Rail local managers  and  the  Emergency  Services. L 
A further  development in emergency  planning  now  involves  the  National  Rivers 
Authonty  where  British  Rail is co-operating in ensuring  an  appropriate  understanding 
and response  arrangements  to  potential environmental pollution,  possibly  following  a 
dangerous  goods  inctdent. 

6.7 COLLECTION OF DATA 

British  Rail  has  systematically  collected  data  on  dangerous  goods  incidents,  small  or 
large, for many  years. In the  last 7 years this  has  been  established as a  database,  more 
recently  incorporating  tonnage  and  mileage  information.  Details of "out of course" -. 

wagon  repairs  are  also  collected. In addition all incidents  are  now  ranked  according to I. 

potential  hazard. 

This  information  is  shared  with  Industry  and  used  to  target  areas of perceived  system 
weakness  hence  reducing  associated  nsks  to  a  minimum. 

It is  Important in companng  this  data  internationally  that  the  same  definitions/criteria  are 
used.  Unless  this is done  the  perception of customershdustry could  be  distorted. 

7. THE FUTURE 

7.1 DEVELOPMENT OF SUB  COMMITTEES  WORK 
- 

It is important, in following up  the  work of the  ACDS  Sub  Committee  and in improving  the 
safe transport of hazardous  substances  that  British  Rail  works  closely with both the HSE 
and industry. It is necessary  that  we  identify  and  concentrate on those  aspects 
potentlally  most  rewardlng.  Duplication  of  effort  must  be  avolded - in all areas. 



For  example  the  aspects  of  dangerous  goods  transport  not  yet  considered in  detail 
dunng  the Sub Committee's  work  will  need to be  taken  fotward,  particularly internodal 
systems  and  packaged  goods.  These  are  traffics  very  important to British Rat1 with the 
advent  of  the  Channel  Tunnel 

7.2 HARMONISATION OF ACCEPTANCE  AND  CARRIAGE  REQUIREMENTS 

Britrsh  Rad  has,  slnce  the  19th  Century,  set out  its  requirements  for  the  acceptance of 
dangerous  goods nationally and  applies  RID to International  movements.  In  addition it 
applies  any  speclfic  statutory  requirements to the  carriage  of  dangerous  goods. 

BR  already  largely  applies UN  recommendations  and In seeking  harmonisatton  has for 
many  years  provided  experts  to  support  Government  activity  In  the  International  forum. 
Before  the  privatisation  process  started BR had already  agreed  with  the  Health & Safety 
Executive  (HSE)  and  Department  of  Transport  (DOT)  to  work  towards  adoption  of  RID 
conditions  for  the  acceptance  and  carriage  of  national  movements of dangerous  goods. 
As  conslderable road  haullers we  also supported  harmonisation  of  national  road 
conditions  wrth  ADR (4). We  also  supported in due  course  the  adoption of Regulations 
based on these  requlrements.  These  Intentions  recognised  European  Community 
asplrations  and  the  opening  of  the  Channel  Tunnel. Now,  as privatisation  becomes  a 
reality,  the  pace  has  quickened  towards  virtual  harmonisation of road  and rail conditions 
for both  natlonal  and  international  movements.  These  changes will therefore  achieve 
much  that  we  have  sought  for  years. 

Privatlsatlon  timescales  are  working  the  rail  dangerous  goods  regulations  toward  an 
implementation  date of 1 January  1994. The  date for modal  harmonisation  is 1 January 
1995 and  wlth  this In mind It is Intended that  some  aspects  of  the  LDG  acceptance 
requirements (5) will  continue  to  apply  untll 1 January  1995.  Clearly  the  new  regulations 
will  apply  to  all  those  using  the  rall  network. 

The carnage  of  Dangerous  Goods  by  Rail  Regulattons  (CDG  Rail) will reflect 
Government  acceptance of the  recommendations  contained in the HSE Report 
"Ensunng  Safety  on  Britain's  Railways" (6). This  recommended  that  regulations  should 
be prepared to provide suffuent statutory control of the  camage  by rail of all dangerous 
goods.  The  proposed  legislation  places  general  duties  on  those  involved in the rail 
carriage  of  dangerous  goods.  Aspects  covered indude the  following:- 



- informatlon  on  dangerous  goods  Intended  for  carriage. 
- loading and  unloadmg  arrangements. 
- safe movement  requrements  including on tram  segregation. 
-wagon and  contamer  construction,  testing,  examinatlon and 

malntenance. 
- - rnformatlon  avallablllty  on  wagons/trains 

-hazard placarding. 
- emergency  response  arrangements. 

Consideration  and  application  of  the  requlrements of CDG Rail  must  take  account  of 
complementary  new  regulations  Classification,  Packaging  and  Labelling  of  Dangerous 
Goods  for  Carnage  by  Road  and  Rail  Regulations  (CPLDGC),  to  be  implemented  on  the 
same  date.  Specific  requirements  In  the  regulations w i l l  also  reflect the particular  risks 
assoclated  with  the  carnage  of  explosives  and  radloactive  materials  already  recognlsed 
in  the BR Byelaws  (for  exploslves)  and  the  LDG. 

It is  essential  with  the  detailed  implementation  of  these  Regulations  that the transitional 
timescales are the  same for  both  road  and  rail.  Many rail movements are intermodal 
and  the  same  transitional  arrangements  will  assist  clarity  of the requirements - hence 
safety,  minimise  the  cost  of  change  and not disadvantage rail compared to other  modes. 

It IS important to remember that the regime for the safe  camage of dangerous  goods  on 
the rad network  will  include:- 

- mandatory 0R Groups  Standards 
- other BR documents related  to  acceptance  and  movement  requirements 

These will provide  a  means of complying  with  the  safety  objectives in CDG  Rail  as  well 
as  the more  specific  requlrements  of  CPLDGC. 

The  need and extent  of  any  additional  guldance/approved  codes  of pract~ce will be 
determined by the  impact  of  disaggregation  of  the  railway, the future of the  various BR 
documents and the  interpretatlon  of  the  Regulations  by  the  enforcing  authorities, 
especially HM Railway  Inspectorate. 
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Much  work  remalns  to  be  done in a  very  short  timescale,  now  that  the  consultation 
penod IS ending,  to  ensure  that  the  detail  in  the  Regulations is properly  developed. 
Although  some preliminary work  has  been  done, only  when this detail  is known can 
changes to the BR acceptance  and  operatir : arrangements  be  fully  considered  and 

implementatlon  planned.  For  example  we  need  to be sure that there is a clear 
understanding  of  responslbillties  throughout  the  transport  chain  and  that the duties 
placed  on  the  operator are reasonable 

The  regulatlons  being  developed  recognlse  the  need  for  the  continuation of effective 
management  controls  to  ensure  the  standard  of  safety  already  achieved in the carriage 
of  dangerous  goods is mamtained  or  improved  in the future. In so doing the regulations 
support the recommendations  of  HSE ACDS report. We are  also  working  towards 
harmonisation  of  Bntish Rail requirements  with  UIC (7) recommendations. 

7.3 ENVIRONMENT 

Envlronmental  issues  dld  not  form  part  of  the  Sub  Commlttee's  remlt.  However  menbon 
has  already been made  of the  British  Rail work with the National Riven Authority. 
Increasingly  pressures  to  ensure  preventation  of  environmental  pollution also relate to 
the Emergency  Services  understanding  of  a  situation  they  may be facing and their 
response.  British  Rail  can  help in ensunng  accurate  information  from  the site of an 
Incident  or  emergency. In addition  of  course  the  environmental  concerns raised by the 
carriage  of  hazardous  substances is a  parhcular  concern of the  European  Community. 

7.4 EUROPEAN  COMMUNITY  DEVELOPMENTS 

The need to keep  very  close  to  EC  developments  is  vital  for British Rail particularly  as 
these  developments  properly  seek  to  ensure  greater  harmonisation  of  community  state 
legislation  as  means  of  carrying  dangerous  goods,  safely  and  economically. with 

minimum  nsk to people  and  the  environment. 

Equally it IS important  that  the EC has an  effective  means of taking  account of the rail 
carriers  views  and  potential  problems.  There  are  a  number  of  areas  of  impending 
development  such  as :- 



(1) Risk  Preventlon  Officer. 

Draft  Directive  on  the  appointment  and  vocational  qualification of an  officer  for I 

the  preventlon of risks  inherent in the  carnage  of  hazardous  substances. 
Transport  undertakings,  Including  Bntlsh  Rail, w~ll need  to  ensure  the  detail  of 

= ;  
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- this  Directwe  is  developed  to  senslbly  take  account  of  the  many  concerns  being 
~ 

expressed. 

(2) Post  Seveso  Directwe. 
F 

b 
As originally  drafted  thls  Incorporated  proposals  potentially  difficult  for  rail 
transport  to  manage  e  g.  in - transrt  stoppages,  yet  without clear  benefits  having 
been  identified. Agam  there IS a  need to very  closely  watch  any  emerglng 
proposals. 

(3) Harmonisation of Conditions 

The  emerging  directlves  requiring  harmonisation  of  Domestic  Carriage 
Requirements with RID  ADR.  Although the new UK Regulations for national 
movements w~ll more  closely  reflect  International  requirements  from 1 January 
1995, once  again  the  detalled  implications  would  need to be  watched  very 
closely. 

a. SAFETY 

This  presentatlon  has  addressed the arrangements for the  safe  carriage  of  dangerous 
goods by rail  in  response  to  the  HSE  Report  as  well  as  areas  of  change - necessarily 
briefly.  This is Indeed  a  time  of  rapid  change  in  requirements for the safe carriage  of 
dangerous  goods.  The UK Rad pnvatisatlon  process IS paralleled by essentlal 
hannonlsation  and  development of Regulations  aimed at ensuring  continuing  safe rail 
arrangements  In  the  future. As already  mentioned at the same time the European 
Community IS also  takmg  an  increaslng  Interest in this  area. 

... 

It will be  a  challengmg  task  to  ensure  that  these  changes  and  their  Implications  are 
properly  co-ordinated  and  clearly  understood  by all those  involved in ensuring the safe 
carnage  of  dangerous  goods by rad such that  despite  the  many potential distractions  the 
maintenance  of  safe  operation  and  keeping  the  railway  running for the customer 
contmues. 
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Intentatiorrai Railway Safety Senlinar ANGERS 1993 

The  Impiementation of the KVB (ATP) System 
on the SNCF Network 

Znhanclng  safety ~f opersrIons  nas  siuays  Deen one of the 
?r:ne  ot)]ect:ves .?f rs:-:ray companles. :ke acnlevement of 

terns n r  requiac:3ns ~4 ?zoceaures,  tralnlnq and practlce of 
sucn  an o~-)ectlve : e q x l r e s  constant  ?regress t~ De made In 

2ersonnei  as veil as zecnnzcsl  resources. 

The graph glven in Appendlr i shows  the  trend,  durzng  the 

?assenger-kliomezers  zne SNCF networK. 
last 50 years, ;n =he  number  of  casuaicles per bllllon 

?roved qul=-I dlfsscul: zo  sake  slgnlflcant  Improvements 
:he overall zrena 1s qulte encouraglng  although it  has 

aurlcg recent years secause  of the hlgc  safety-performance 
Levei alreaay acnleved 3n the one nand and the  speed- 
Increases  and  concentrazlon of trafflc-flows on the main 
routes on  the other. 

1 )  Analysis of railway-related  risks 

He have conducred  a  comprehenslve  revlew  over  the  last 35 
years of such  serles of ?vents  that are ilkeiy  to  lead  to 
fatal  accldents and have been  able  to Identify  thirteen 
accldent-scenarlos. In each scenarlo,  we  have  accounted for 
the mean severlty expressed as the  number  of people killed 
on the traln and the frequency of occurrence (i.e. counting 
the  accldents falllng In thls  scenarlo,  dlvlded by the 
length of the.reievant perlod ) .  See  Appendlx 2. 

The rlsk pertalnrng  to  each  scenarlo IS glven by the  product 
of 7 (frequency) by S !mean severlty) . The  graph below 

network of constant-rlsk  curves. 
illustrates  the  relatlve  posltlon of each  scenarlg  against a 

It can be seen that  dCCldentS  due  to  slgnals  passed at 
<anger  or  overspeed ( scenarlo 1 ) represent  the  highest 

2 5 5  of fatalltles. 
rzsK  lnvolvlng 2 0 %  of ser:ous accldents  wlth  fatalities  and 

r 

t 
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ConsiderLnr :ne ?.LC;?. ZLSK 3nd %he unsatlsfactory  increase lr. 
zhe 2umaer j: '1 . z d ~ ;  .:asseci a~ danger ;n recent years, SNCF 
sec:d?c : 3 -z:=: 
' ~ n  I ~ S  c c ~ ' ~ ' e c z : z z ~ ? ~  1 : ~ s  : 1 . e .  tne automatic traln 

;?-+xenr:?.q ZI? :cditlonal safety barrler 

?rotecz;an :y:=sx ;::.ZIIF, 3 s  ' Tcntro-e '?<e '~itesse  par  ballses" 
1 X V B  , . 

2 )  Contrdle de vltesse  par  balises / KVB 

2.1) Objectlves 

The  2urpose 31 :.?e ??/a 5yszen ;s -,J guarantee  that  tralns 
v l : L  srop > z  zp?rsacr. slde J ?  stop-signals and wlll 
:cmpiy l ~ i : . - ~  ;er3anenc I =  zemDorary  speed-restrlctlons. 

iuc.2 z j y s r e x  zncuid :save the drlver with the 
responsinlllzy > t  con?ly:r.g  711th llneslde signalling 
Indlcatlons  znc s n c c i c  aot affecr  drlver  behavlour provided 
That such re3alns  zcmpatible rrzzh safety rules. 

Aowever, :he :ys=?rn .?as -3 act auzomatlcally  when  the  drlver 
does not compiy ' i z r ;a  x e  requlrement  to stop or slow  down, 
once  caurlonec. 

2 . 2 )  Technlcal  developments 

beacon-based ?ernanen:  AT? vlth lntermlttent  transmission 
The  system selected {la5 orlglnaliy  derlved  from  a  Swedish 

and has been cnorougniy  noclfled to meet SNCF's 
speclflcatrons. 

The system 1 s  based upon : 

- beacons  located I n  the vlcLnlty  to  each  equipped  signal 
( see  appendix 3 ) ,  

- an antenna, 3. calculator and a unlt  In each cabin of the 
tractzon  unlt : see appena:x G ;, 

When  the  drlver passss a distant  slgnal  on,  the  calculator 
generates  an  alert .:urve  ;-nc a traln  protectlon  curve 
depending on :he  3ls:ance =o :he executlon  slgnal and the 
braklEg  efflclency of the train. 

The  traln protecz:-on curve  reilecrs  the maximum speed  to be 
followed t o  comply vlth ?he slgnal f o r  whlch  the  driver has 

warnlng can 3e hoarc 12 rne c a n .  If the  train-protection 
been  cautroned. If <he a l e r c  curve 1 s  crossed, an audible 

untll the rraln comes -.o a stop ( see  appendix 5 ) .  
curve is reacnea, an  emergency  braKlng  sequence is triggered 



3 )  Predictrng  system  efflclency 

3.1) ATP rnstallation  prlnclples 

Recent  rallway acc~cenrs .:ave shown :hat the main danger- 
srea 11es ar convergzng -;nes. 

in  order to opz:mlze  c-ne efflc~ency/cost ratlo  of  the 

of ATP anc: nas eq.:.:lpped stop ( and advance ) slgnals on the 
project, SNCF has opted f o r  a  non-contlnuous  implementatlon 

approach szde ~f ,c-onver-jir.q lines. 

3.2) Predlcted  efflciency 

The assessment .-f ;n opt;x1zee ATP system  efflclency was 
Dased  apon 3 szaziscicai maiysis of the 1987 and 1989 

three line equlpment  assumprrons : 

flgures  for  stop slgnai everrun and In conjunction  wlth 

. scenar:~ A - 2 . 3 5 0  s~.;na~s azd  3 , 6 0 0  notlve  power units 

. scenarlo 3 - 3 , 2 0 0  signals 2nd 3,600 motlve  power unlts 

scenario C - a i l  srgnais  ana 5,300 motlve units ( 1.e. all 
maln-ilne  Lractlon  units ) .  

With  scenarios A and B, the number of instances of  signal 
overrun  can be reduced by 3 6 %  and 45% respectively. 

Scenario C Involves equlpplng all  stop  signals and main-line 
tractlon  unlts  ana should prevent 88% of signal  overruns. 

These resu:ts are summarized In  Appendix 6. 

The  efflclency C J ~  the  AT? syszem  whlch  has  just  been 
assessed is based an ‘.he assumption of a fully  available 
system. 

It  was then  essenrlai 10 ensure  that  the loss of efficiency 
ascrlbabie r o  fallures vould not  Impact  adversely on  the 
assessment  outcome. 

Before the rellabllity of the ATP system was investigated, 

vas  conducred.  Calcu-atlens  were  essentlally  based on  data 
an Analysls of Fallure :lodes, thelr  Effects and Criticality 

taken from a st.;cy carrlea out by the  system’s manufacturer. 
Xean  repair  iimes for :alcuiatlng availability  were taken 

types of safety  equlpment. 
from  statlstlcs  reiatznq fo the  repair  times  for similar 
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2 1  _ _  L 1 szo?p l r .g  s e q u e ~ c e .  t h e  u n a v a i l a D l l l t y   r a t e   f o r  <he  
, ; roucc-casec >a=: ,f :he .:.?? s y s z e z  i s  1.7.io-4. ~t 1s 

, n a v ; ~ - a ~ ~ , ; z y   = a r e  r3r :.-.e 3 n - J o a r c   e q u l p m e n t   v a r l e s  
-arge- ; '   .~;e  : S  ? n c r ? c e r Z  1 r . C  :O some c o n n e c t o r s .  '?!-,e 

;errween - 3 .  - .  -' an6 - 2 .  _ '  i':--, lepena1-g  on t h e  p o l l c y  12 
: ~ r 3 +  2.1 :?spec= .)r :>e .?i:.:czzwal o r  r a u i z y   e q u l p m e n t .  If 
assumea cn  ne s t  io-** e r r o r s  I n  = h e   c o d l n g   o f   t r a i n  
.znaraszer:szics i r e  negi : ; l s l+ .  I t  shoui t i   however   be   no ted  

l o r e   e s p e c z a i l y ,   ? , l g h l y   m c t l v a t e c  s t a f f .  
:ha t  :?IS v a l u e   c a n   o n i y  se q o t a l n e d   u l t h   w e i l - t r a l n e d   a n d  

I;: ?I;, -.r i^ 2 s t o p p l n c ;  : e c u e n c e .   - , n e   u n a v a l l a b l l l t y  oi t h e  
470 zystem 
c e p e n c z ~ q  ' 2 2  t z e  q o l ~ c y  ~n z a r c e  ip. r e s p e c t  o f  t h e   r e p a l r  0 2  

vou i :  rsr.ge 7et:reen - 2 .  - ~ > - 4  anti 40.4.10-4 

- r  , - a l n - o o r n e   ? q u l ? n e n z   m c  -.-le ceve iopmen t  s t a t u s  of t h e  
s o f t : r a r e .  

These  figures 30 20: x n d e r n 1 n e   t h e   a s s e s s m e n t  made of ATP 
t f f L z l e n c y .  

4 .  O p t l m l z l n g   t h e   I n v e s t m e n t  

Xe h a v e  chen   examlnec  I!? t u r n  : 

- t he   s cope   o f   t he   p rog ramme 70 be   implemented ,  

- - h e   t l n e s c a l e  =o  be  met With a v l e w  t o   e q u l p p l n g   e n g l n e s  
m d   s t o p - s l g n a i s  r n  o r z e r  :a m a x l m l z e   e f f l c l e n c y  at t h e  
: 2 v e s t n e n t   l m p i e m e n c a t r s n   s t a g e .  

4 . 1 .  Mode l l lng  

Following t h e   a s s e s s m e n t   o f   e f f l c l e n c y   m e n t l o n e d  I n  3.1. a 

T h e s e   g r a p h s   r e f l e c t   t h e   e f f l c l e n c y   o f  che ATP sys t em as a 
s e t   o f   v a l u e s  was r d e n t r f l e d   f o r   w h i c h   g r a p h s  were p l o t t e d .  

- U c c t z o n  j.. ,af the   -umber  o f  e n g l n e s   a n d   s t o p - s l g n a l s   e q u i p p e d  
a n a   r n d z c a t e  t h a t  a c o n s t a n t   e l a s t i c l t i e s   m o d e l   s h o u l d   b e  
J s e a .  



< ' 2.22645 

4 . 2 .  Optimum distrlbutlon  between  engines and slgnals. 

L..e ~pt;sum :nvestntnt-snar:nq 2etween  englnes and slgnals 
'czn 3e der;ved $:on :ne ~iiculatlons. ?he spllt 1s thus 
opzlnum - r  : 

l7L 

s / 2  = C O , C , . t / S  
'Inere : cost 31 ;qu;;ip:nq ?ne ;.nglne 
and C s  : cost of equi>plnq ?ne stop  slgnal 

Sl-ce a D, we yet S.C, = : .Le . 

Investment-snarlnq :s .,ptlalzea when the investment  in 
englnes 1 s  equai to :fie Investment ;n slgnals,  wherefrom  you 
can determlne  optimum  investnent  scheduling f o r  e n g m e  and 
slgnal equipment on a yearly basls. 

4 . 3 .  Equipment  strategy 

Thls model and che  results of the  statlstlcal  analysls 
mentloned In section 3 . 2  enabled us to  assess  the  efficiency 
of the XVB system la relatlon to the  number of slgnals and 
electrlc/dlesel  slgnals to be equipped. 

stop  Signals 1 
Electrified  Electr.and  diesel I operated  lines I 

Electric  engines 

diesel  engines 
88 % 81 % Electr.  and  main-line 

68 % 68 % 

Taklng tne assumptlon ;n whlch  all  stop-sxgnals on 
electrlfred  llnes  are  equlpped,  the  equlpment of diesel 
englnes generates a 13% efflclency galn and the  equipment  of 
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The '.'ar:ous S:XUL~Z;>ZS : onduc ted  lead z o  t h e  following 
equipment-programme,  r n l l s t  k e e p l n g   t o  a s a f e t y - r e l a t e d  r a t e  
o f  r e t - r n   e q u l v a i e n t  :o o t h e r   s a f e t y - r e l a K e d   l n v e s t m e n t -  
s c n e s e s :  ~t o o r l s  :own '5 ~ q u l p p l n q  : 

- a f l e e t  of 3 , 7 9 0  +1ectr:c e n g l n e s   a n d  SO0 d l e s e l - o p e r a t e d  
e n g r n e s  D r  r a l i c a r s .  

5 )  E c o n o m l c   a s p e c t s  ( Appendlx 7 ) 

SNC? h a s   c e c l c e a  :o i > s t a i i  AT?  I n  a non-con t lnuous   manner .  
Thls r e q u l r e s   ? r e c a u z ; s n s  :a p r e v e n t   a n   a d v e r s e  Impact on 
a r l v e r s - b e n a v l o u r ,   e s p e c l a l i y   I n   n o n - e q u l p p e d  areas.  

E r g o n o m l c a l l y ,  t h e  svs t em 1 s  d e s l g n e d   t o  be t r a n s p a r e n t ,  
1 . e .  as  Long a s  t h e  d r ~ v e r  s ' J e n a v l o u r   c o m p l i e s   w l t h   t h e  
r e l e v a n t   r u i e s  a n d  z e g u i a t l o n s  l n  f o r c e ,   t h e   p r e s e n c e  o f  t h e  
ATP s y s t e m   s h o u l d  n o t  De f e l t   o r ,  a t  least ,  i t s  e f f e c t  
s h o u l d   b e   m l n l m l z e d .  

T h i s  is t h e   r e a s o n  why t h e   l n f o r m a t l o n   d l s p l a y e d   h a s   b e e n  
r e d u c e d   t o  a m l n l m u n .   T h e   f o i l o w l n g   d a t a   a r e  used i n  n o r m a l  
c l r c u m s t a n c e s  : 

- - - .  . KVB i n   s e r v l c e  con e q u l p p e d   s e c t l o n  

0 0  o r  0 0 0  : w a r n l n g   f o r  a s t o p - s l g n a l  

L : t e m p o r a r y   s p e e d   r e s t r l c t l o n  ( w o r k s i t e  1 .  

F u r t h e r m o r e ,   q t h e r   e n n a n c e m e n t s   h a v e   t c  be added  t o  improve  
s y s t e m   t r a n s p a r e n c y  w h l l e  e l l m l n a t l n g  a l l  d i s p l a y e d  
l n f o r m a t l o n .  
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I?. o r d e r  co aaKe z a z ?  = h e   d r l v e r   w o u l d   n o t  be t empted  
IO l e s s e n  n;s . J ; ~ ~ ~ Z Z C ?  .!h:lsc luslnq ATP I n t e r v e n t i o n   t o  
. : cn t ro i  'he :ra:x, :x? f s l ; o r ? l n q  d e c l s l o n  was t a k e n  : when 
:ne a r l v e r  no 13 r . ce r  Z O ~ F - ; P S  %wi th  s a f e t y   r e q u l r e m e n t s ,   t h e  
sys-ea w o u i i  (z?f:z::e:.; :z.:? o v e r   s n r r l   = h e  c r a m  would  come 
t o  a s t o p   a n a  .AT? : n t5 r . / en t ;on   wou ld   be   r eco rded   on   t he  
s p e e d - r e c o r c l n q  Z a p ?   z n c   a e a i t  w l t h  as a d r l v l n g   e r r o r .  

7) C u r r e n t   s t a t u s  o f  t h e   p r o ~ e c t  

A l l  c o n v e r q l n q   e 1 e c ~ r : f r e a  lines s h o u l d  be e q u i p p e d  i n  1998 
a s   w e i i   a s   a i l  ? i+ccr :s  T r a c r i o n   u n l t s   a n d   h a l f  o f  t h e  
t l e s e i  flee:. 

By t h e n ,  slgnal o v e r r u n s  a n d  o v e r s p e e d   s h o u l d   n o   l o n g e r  be 
t h e  weak p o l n t  I n  x e  z a l ; v a y   s a f e t y   c h a m   a n d  s u b s t a n t l a l  
p r o g r e s s  wrll  have  been made I n   t e r m s   o f   a c c i d e n t  
p r e v e n t l o n .  

* 
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APPENDIX  2bis 

LIST OF SCENARIOS 

Accident  following  stop  signal  overrun  or  overspeed 

Collision  with  an  obstacle  on  the  track 
(away  from  level  crossings) 

Collision  following  brake  failure or train  runaway 

Collision  following a block  error 

Derailment  following  track  failure 

Collision  with a derailed  train 

Collision at level  crossings 

Accident  on  sidings 

Derailment  following  rolling stock failure 

Accident  following  signal  failure 

Collision  when  running  at  sight 

Collision  following  displaced  loading or open  door 

Accident  following  switching  error 
or  reception  on  occupied  track 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
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signalling-equipement 
cabinet 

Signal/beacon  interf 
(encoder ) ent  information 

Beacon for variable  information 

t information 



Cab display 
panel \ 
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Cab display 
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STOP SIGNAL WITH avERLAp APPENDIX 5 
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Fig. I Transport volume forecast 1992-2010 as a result of Rail 21 
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Grounds for a new level crossings  policy 
Mid-1 988, Netherlands Railways  (heremaftercalled "NS") issued "Rail 21 ,a proposition 
to  society".  This alms to elaborate on the expanding role of public  transport in the 
nation's  overall  mobiltty,  as requtred by the  government. The principal target contained 
in the  plan IS to double the volume of transport to  21 billion passenger kilometres per 
annum by causing use of cars to change to use of trams (fig.11. In doing so, NS will 
be able to contribute  significantly to solvlng the increaslngly urgent  social  issue of both 
threatened  accessibility and quality of life. 

To achieve the above target,  the  infrastructure will be expanded and  adapted and, as 
part  of Rail 21, NS will introduce  a  three-tram  system so as to  substantially increase 
its transport  capacity  and attain important  qualitative improvements. The three-train 
system  will enable NS to offer a product that responds more closely to  customer 
requirements,  allowlng the tram to compete more sharply against the car and  thus to  
replace car mobility  by  trainlpublic  transport  mobility. 

The  characteristics of the  new three-train system are more capacity  and better, faster 
and  more  comfortable  transport. The expansion of the transport  capacity will largely 
be realized through new double-decker stock. Therefore, the  target  of double the 
number of passenger kilometres  by  the year 2010 WIII "only" require 1.5 x the number 
of trams. Which  will  travel faster on long distances in order to realize the required 
improvement in the  quality of service: shorter travel times, improved  punctuality, higher 
capacity  and increased  frequency. 

Realizing the Improved  product w1l1  demand a  large number of  infrastructure projects 
t o  be carried out. These are to be financed publicly and will  cost  some Dfl. 17 billion. 
In additlon.  dramatlc  expanslon in terms of  rolling  stock,  railway  stations, siding 
equipment and the like will be necessary, to be financed  entirely by NS. 
No rise in real  terms in the government's contrtbutlon to operating costs  will be 
necessary, provided that,  the government tlmely establish an effective  flanking policy 
to  both steer and influence car mobility. 

It will only be posslble to  effect  the rad servlces model envisaged on  the basis of Rail 
21 if  the  infrastructure  is radically expanded and improved. For more  than 20 years 
now, The Netherlands have been operatlng a highly intensive and complex  rail service 
on a network  counting  hardly any line sections of more than 2 tracks.  Trains  which 
approach  certain  junctions  virtually simultaneously due to common  connections should 
not hinder one another. It will therefore be necessary to construct fly-over  junctions 
in locations  where trams, as yet. cross level. 
Apart  from speedlng up servlces by preventing tlme being wasted  at junctions, a 
second  posslbility to Improve rad servlces lies in increasing the speed of travel. To date, 
the  maximum speed permlssible by  law has been 140 km/hour. The Rail 21 plans 
envlsage an increase to  160 km/hour for part  of  the routes, and for Eurocity and 
lnterclty  routes, a speed of 200 kmlhour or more IS consldered. 

Lead paper ' The development of a new level crosrmg poltey 4n the Netherlands 
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The  alterations to  the speed limn resultlng from Rail 21 directly  occasioned  a new level 
crossings  policy to  be formulated. It would become evident a t  a later stage that speed 
is  neither the only, nor even the rnam cause of the higher risk at  level cr: sings. 

Existing level  crossings  policy 
For many years, this  policy has amed at  reducing  the number of  level crossings. A few 
simple  rules support this: 

a new level crossing IS only approved if an  exlsting one is discontinued 
(compensatlon  regulation) 
newly constructed  lines  may  not  contain  level crossings 

longer be utilized. 
- where there are more  than 3 tracks, public protected level crossings  may no 

Since 1964, the  number of level crossings on passenger routes has  fallen as a  result 
of  this  policy  from  more  than 4200 to nearly 2800, a decrease of 35% over a network 
length that has remained  more or less the same (fig.2). 
During  the same period, the number of level crossings protected with whole or half 
barriers and flashing lights has risen from  1240  to 1760, an increase of more  than 
40%! Where  routes have been modernlzed, the guarded barriers have, on a large scale, 
been replaced with autornatlc  protection  Installations  (automatic half-barriers or 
automatic  flashlight  installations), with  the result that there are now less than  10 
guarded barriers on passenger routes as opposed to  more than 500 in 1964. 
It should  be  noted, though, that  over the  last  few years, it has become increasingly 
difficult  to reduce the number of level crossings. As NS hardly has a  budget at all, 
financing measures t o  improve  safety is dependent  on changes provoked  by  road 
operators, forcing the  latter to pay for them. 
Each year. some 100 collisions occur a t  Dutch level crossings with  an average of 42 
casualties p.a. In the  last  few years, the  Incidence has fluctuated but overall  has fallen 
slightly, in spite  of much increased car mobillty and frequency of  train services. The 
acceptance limit for traffic accidents, however,  is also on a downward trend (fig.3). 

Risk  studies and fact  finding abroad 
Raising the speed limit in particular caused NS to constder the  question  whether level 
crossings are still acceptable, and If so, on  which conditlons. Dutch railway law 
presently  states that the maximum speed of passenger stock must  not exceed 140 
km/hour and that only the Minister may permit  a higher speed, on  conditions  set  down 
by  him/her. 

For this reason, NS comrnissloned CROW Consultancy in  1990  to research the  effect 
of  a higher tram speed on  the chances of collision at level crossings. The CROW 
investigatcon  focussed  partlcularly on a Qualttatlve analysls of the consequences of 
higher  train speeds. 

The  government  carried out a second investigation  itself, to  be able to  supply 
quantltative grounds on  whlch  to base a rnlnisterial declslon on whether or not  to raise 
the speed limit. SAVE Consultancy  were ordered to produce a risk analysis, drawing 

Lead paper :The development of a new level crossmg poltcy tn the Netherlands 
Publncatmn . NS/J.Swtsr/lfS 3/dd. 21-09-'93 5 



f 
t 

EVOLUTION OF LEVEL CROSSING RISK AS A RESULT OF RAIL 21 
0- ndl m U V E n P r u m m o d *  

I 
L 

Lead paper : The development of a new level crosstng pollcy ~n the  Netherlands 
Publ8cataon : NS/J.Swler/If5.3/dd. 21-09-'93 6 



on  the  incidents that occurred  between 1981 and 1989, of  the  likely consequences of 
a higher speed limlt. Case histories relatmg to the nature, number and  circumstances 

involved in the mcldents. were made available by NS for the purpose of  this  study. 
of collisions over the  last years. as well as to the number and  type  of level  crossings 

Both studies were based on the prlnclple that above 160 km/hour, public level 
crossings would  not be used at  all. 
The studies supplement one another. Risk changes identified in the CROW Report are 
quantified  in  the SAVE Study by means of a  rlsk model developed (fig.4). 
A  summary  of the  main conclusions of both  studies  is  given below: - Accidents  on  protected level crossings occur when the  protection  is ignored, 

- It cannot  be  demonstrated  that  travel at 1 60 km/hour, in itself, will significantly 
either  deliberately or subconsciously. 

affect  the  future incidence of collisions. 
Slower  trains  on 160 km/hour routes mlght give rlse to  a higher risk  of  a 
collision wlth a road vehicle. This  is due to the  greater length of time in 
between  the  safety devices announcing the  imminent  approach  of  a train and 
its actual arrlval, causlng the  level crosslng safety  devices to be ignored more 
frequently. The rise In the number of  victims as a  result  of the speed being 
raised t o  160 km/hour  will  therefore be approx. + 15%. 
Train passengers run hardly any risk of being injured in accidents at level 
crossings. The risk  of casualties in a level crossing collision increases at a  higher 
speed because the chance of the  train derailing and the consequential chance 
of a trainkrain collision  is greater, as a derailed train  might end up in the 
Clearance Area an approaching train  might  not be able t o  stop in time. 
The mean  chance  of this happening to NS stock  at 140 km/hour is 2%. Modern, 
llghter  trains seem to be more susceptible to  derailing. The  chance  that  modern 
IC 3 stock derails at 140 km/hour IS 10% and is expected t o  be double that 
figure at 160 km/hour. 
The intensity  of  the  train services will be the maln factor  to  affect the  number 
of collisions to be expected between rad and road traffic and therefore  also  any 
sequential trainkrain collisions. The  effect  will be directly proportional to  the 
increase In the  intenslty of the  train servlces, i.e. +50%. 

Principle of the  new  level crossings policy 
In general, the policy  may be defined as  "laving down  the  method  by  which  an 
organization  wlshes to attaln an objective". The new level  crossings  policy will have 
t w o  mam ones. The flrst IS to prevent the number of collisions a t  level crossings, and 
therefore  the  number of v!ctms, from  increasing and If a t  all possible to  cause these 
numbers to  decrease. The second main objective IS to minimize  the risk of 
consequentlal damage arlslng from trams deralling and sequential  train/train  collisions 
taking place. Derived targets of the level crossings  policy are therefore to improve both 
road  safety on level  crosstngs and rat1 safety in case of a level crossing collision. 
The objective  of a policy should be as clear as possible and is  influenced  by (available) 
methods and prlor  condltions. The latter  can vary wldely. The extent t o  which  methods 
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Fig. 5 Factors which affect the  policy 
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impose limits on the target to  be obtained depends on the ingenuity  of  the  manager and 
the technological possibilities. 

NS's new  level crossings  policy was formulated  after  as  complete  a  listing and analysis 
of targets, prior  conditions and methods as possible (fig.5). The listing has been 
summarized in a  report  called  "The ingredients for  a  new  level crossings policy",  which 
was  submltted  to  the Mlnister of Transport along with a NS mission and 
recommendations  document. For the time being, the  proposed new policy  deals solely 
with passenger routes and public level crossings as 80% of all accidents take place 
there, resulting in 95% of  the total number of victims on  level crossings (fig.6). 

PRIOR CONDITIONS for the  new level crossings policy 
To prevent the hazards at level  crossings  from increasing, it is necessary to improve 
existing  level crossings, t o  convert  them to a different  protective  system or to replace 
them  with fly-overs. 

It has  become  clear that  the budget  for Rail 21 does not  suffice  to cover all intended 
projects.  Nevertheless, NS is  loath  to amend Rail 21's objective. The target, doubling 
the number of passenger kilometres to  21 billion by  the year 2010, remains the same. 
This can only be achieved through optimlzing and rationalizing, i.e. maintain 
functionality with less means (that IS, costing less). In other words, maximum 
functionality  against  minimum  life  cycle costs. The level  crossings policy, too, will have 
to  be subject t o  this philosophy and should provide solutions  such that the Rail 21 
plans  may  be  carried out along the lines of the amended plans. 

(RISK) TARGETS new level  crossings  policy 
Is an increase in the number of victims a t  level  crossings  acceptable or not? This 
question  belongs in a more general context,  namely which level  of risk is socially 
acceptable? A consistent guideline does not seem to exist.  Whether or not a high  risk 
activity IS tolerated depends on both objectwe (e.g. businesseconomic) and subjectwe 
(e.g. polltical) factors. 
Only  qualitatwe  statements seem generally applicable: "The individual and social  risks 
Inflicted by high risk industries must be kept to  a minimum. The  desirability of the 
product and the technical  feasibility of reducing the  risk must be weighed against  the 
cost of such  restrictive measures and the possib\e effect of  an undesirable incident". 
There  is  no  clear-cut  limit above which risks are not  accepted and below which  they 
are. In a quantitative sense, this  may be phrased as  follows: 
"There  is  a level  of risk at  which no-one may be excepted.  There is also a level  of risk 
which  will not present  a problem to anyone. In between  the  two,  the A U R A  (As Low 
As Reasonably Achievable)  prlnclple applles". 

To be able t o  define  the  target for the  new level  crossings policy, target-determining 
factors  were  therefore  listed and analysed. The following  factors  were recognized: 
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I Amount  of level 

Netherlands 
Belgium 
W-Germany 
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France 
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Fig. 7 International risk comparmon 
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1. Social  standards 
2. Road safety  pol~cy standards 

4. 
3. Foreign railway companles' standards 

Business-economtc factors 
5. Personnel health and safety 
6. Company image;  passenger safety 
7. Company image; punctuahty 

The  government will place the highest  priorlty on the first few factors. For NS. the last 
few are the most Important. This does not Imply any  kind of conflict,  however. Rather, 
it illustrates a difference in primary responsibditles, causlng  different  aspects to  be 
emphasized. This realization should not be underrated as it allows  apparently opposed 
views  to  be explained and, thus, dlscussed. 

In principle, a  negative change to  an existing, accepted  level  of  risk, is not generally 
acceptable, unless the risk is already minute  (Stand still principle). 
If mobility,  together with all ensutng risks, is considered in  an integral sense, it stands 
to reason that, as a  result  of  the growth of public  transport and the subsequent 
reduced growth of  road  traffic, the rlsks w ~ l l  shtft. In fact,  they  will  shift in a favourable 
manner as the railAevel crossmg rlsk is considerably smaller than  the  road  traffic risk. 

To arrwe a t  a  definition of a  rlsk standard, one could  also take  Into  account  road  traffic 
standards and pol~cy targets. In The Netherlands, road traffic  accounts  for 1400 
casualties and 54,000 injured persons each  year. The objective  there is  to reduce the 
number of victims  by 25% before the year 2000. Road and  rail do  not really bear 
comparison in this respect, however. The transport  systems are essentially  different, 
possess wholly specific  safety  characteristics  and  make use of  entirely  different 
methods to  affect  that safety.  Thls is confirmed by  the large disparity in the  ratio of 
the number of  collisions to the number of casualties. A t  level crossings, this ratio lies 
in  the  region of 2:l - for road trafflc.  the  ratlo  is 40:l. 
Notwlthstanding  the above, the  fact  that a rcsk reduction for road traffic  is pursued can 
provlde guidance in determlnmg  the  safety rlsk target for level crossings. 

A  risk  standard  for  level  crosslngs  could also  be derived from  the  norms applied in the 
railway companies in our neighbour countries. On the surface, this  would be simple 
enough but In practice, it  is a  recipe for problems. After all, quite a few factors 
influence the results: the  intensity of train services, the number  of  level crossings, the 
density of the road and railway  network,  mobility,  mentality, etc. 
Taking  stock of the Belgian, Danlsh and German level crossings  policies has  shown 
these  countries to enforce far more active level crossings safety policies than The 
Netherlands. Their governments annually make available substantial  sums of money to 
replace  level  crosslngs with fly-overs or to improve the  safety system. The result is a 
number of accldents  that  is  absolutely andlor relatively lower  (by  far)  than in The 
Netherlands (f1g.7). On the  other hand, the mtenslty  of  both  road and railway  traffic  in 
The  Netherlands IS 3 to 4 times higher than In other European states. 
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To a company  like NS, the  factor of image is crucial. Its role as a public  transport 
company  makes issues such  as  safety and punctuality  important image-setters. 
Without  compensatory measures, the intenslfied  level of services and  higher  train 
speeds of Rad 2 1 will increase the risk of collislons at level crossings and the  factor of 
image  must  therefore also play a part in determlning the target. 

Last  but not least, constderlng one’s personnel may  affect the target.  When a train 
comes  into  contact  with a road user, the  latter  may  be seriously injured or killed as a 
consequence  of his/her own  high risk driving. A t  near-collisions, however,  road users 
are spared the consequence of  their actions, yet each  collision and near-collision  is 
consciously  lived  through  by the tram driver and is a traumatic experience for the  staff 
concerned. An experience which  can  affect  both employees’ physical and mental  health 
and  therefore provides sufficient grounds for  the employer, NS, to incorporate  this 
consideration as a target-determlning  factor  too. 

METHODS which  may  affect the risk for level crossings traffic (fig.8) 
The  factors  that bring  an  influence to bear on the risk for level  crossings traffic may 
be divided into four categories. Methods may then be derived  from the four  categories 
to manipulate  the risk; 
1. The first  category IS the choice of the  type of level crossing, depending on  the 

volume of traffic,  the  width of road and the  local conditions. 

One option to come under this  category  is to influence  the  risk  by  abolishing  all 
level  crossings  on routes on which trains  have to  travel  faster than 140 
km/hour. In The Netherlands, thls  would  result in the replacement of more  than 
850 level crossings, estlmated to cost approx. Dfl. 9 billion. To choose  solidly 
for this option  would  mean far-reaching, adverse financial  and planological 
consequences, including  the disadvantage of having to  replace certain level 
crossings at  whlch no accidents are  ever expected to  occur in the future. The 
costlbenefit  ratlo  is  therefore highly  unsatisfactory. 
Accident analyses show clearly that improvements t o  existing types  of level 
crossings are still possible, but also that there are large fluctuations in the  cost 
effectweness of the  various rlsk-reducmg measures. 
The most rigorous and conclusive measure is to  abolish all  level crossings. 
Although NS wrll  obviously  continue to  work  towards a reduction,  wherever 
possible, in the  number  of  level crossings and  therefore in the likelihood of 
accidents, one should  bear in mind  that  such a policy  would  entail major, very 
expensive planologlcal consequences. It should also  be  pointed out that, at  the 
majorlty of level  crossings by far, hardly any incident ever takes place and  there 
are relatively few  level crosslngs  where  collisions  occur  more or less regularly. 
The challenge IS to  find  and eliminate the  level  crossings that are less safe. An 
analysls wtth a Poisson distrubutlons  shows that it is  likely  that  their is such a 
group  (fig.9). In The Netherlands,  level  crosslngs a t  which 4 collisions  have 
taken  place over a period of 10 years are considered to be crossings susceptible 
t o  Incidents  which  must be improved or replaced. With  the  new  policy  we are 
lncllned to tlghten up this crtterion to about 2 collisions in 10 years (f iglo). 
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2. A second line of approach IS traffic-related  andlor ergonomic: to improve 
existing, standard types of level crossmg or to  introduce a new type. 

is based on either a forecast  of or the  actual  load of traffic. A measure can also 
Preventive measures are  most  effective when  the choice  of protection deployed 

constst  of  the  development/application  of a new  type of protection such as 
complete closure by means  of  automatic half-barriers. NS has  already had 
ergonomics research carried out for the  purpose  of  arriving a t  a method to 
protect  level crossings as effectively as possible. One of the features in terms 
of improving  safety of  such a method is  that  the roadhailway  tracks are 
completely closed off.  This  concept will  therefore be developed further.  taking 
experience abroad k.g. in Sweden) into consideration, to  try and find a cost- 
effective solution to a new level crossings policy. 

3. The third group of methods is  much more convoluted and concerns  changes to 
the  traffic making use of the level crossing -deploying  types  of  train  which, for 
each  type, display characterlstic behavtour in a collision, altering the speeds at 
which  the t r a m  travel  as  well as the  frequency  of the services, measures that 
will  affect the  observation  of  the tram. Furthermore, this  category  concerns 
methods  which  try  and alter the volume of traffic (number andlor category of 
users) or control  the  driving behaviour on the level crossings (educational 
measures). 

One of  the methods in this category IS to educate  road users, particularly in 
how  to behave on level crossmgs. It has therefore been proposed to intensify 
such activities. By specifically  targeting  high  risk groups, NS will  attempt  to 
banish  high  risk behaviour. To make a start, two  catchy  films  were released in 
the last  few years,  "Red eyes" for youths between 14 and 18 years of age, and 
"Marianne"  for 10 to 14 year  olds. 
Research into forelgn  radway companles has shown  that in countries 
neighbouring The Netherlands, automatically  protected  level  crossings are 
generally accepted at speeds of  up to  160 km/hour  without leading to  any 
demonstrable  risk increase. Only at speeds exceeding 160 km/hour are fly-over 
solutions  substltuted  for  level crossings. NS intends to adopt this point  of 
departure  for  the new  level crosscngs policy. 
Fitting  track clearers t o  limit  the risk of derailing is another measure that 
deserves mention here. NS has decided to  f i t  these on  all new rolling stock and 
IS consldermg also equipping Its exlstlng IC 3 stock,  which  is  to  travel  at  160 
kmlhour, wtth track clearers. 

~ ~ ~~~ ~~ ~ 
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Fig. 1 1 Diagram of riskkosts level crossings policy 

Fig. 12 Diagram of methodes for level crossing measures 
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4. The fourth and final method of affecting the level crossmgs traffic hazards lies 
in the strategy applied in striving for improved traffic  safety  at .<:vel crossings. 

If a  risk increases, it is advisable to target  a  previously established objective, 
based on  the mlnimum requirements of a safety  level to be met  by  the  total of 
all level crossings. By taking measures which are specific to  the existing 
sltuation, an acceptable safety level for level crossings may be achieved at a 
considerably  lower  cost. It is also true that, in practice, the  planning required 
for the realization of extra provlslons can more easily be integrated with the 
changes in speed and the frequency of train services than the  far  more  drastic 
(and procedurally more complicated)  replacement  of  levelcrossings with fly-over 
solutions. 

The  following safety-enhancing measureshethods  may be classed as the spearheads 
of the proposed new  Dutch  level crossings policy: 

preventing  "second  tram" incldents. These occur  mainly  at  level  crossings with 
automatlc  flashing  light  installations,  but also a t  automatlc half-barrier ones, and 
are caused by vehicles drivlng  onto  the  level  crossing  after one train  has passed 
while the continued red lights indicate that a  second  tram is approaching; 
making "slalom driving", that IS, driving around the descending or fully 
descended barriers, far  more difficult  if  not impossible; 
augmenting the visibility/audibility of existing  types  of protection; 
developing new types  of protection, e.g. complete closure by means of 
automatic half-barriers; - supporting the above methods:  intenslfy the  traffic education of road users, 
aiming  particularly a t  level crossing behaviour and the potential dangers of 
wrong actions: 

automatic half-barriers. The safety  return on this measure would  be of a 
magnitude such  that  the calculated Increase in the number of victims as  a  result 
of Rail 21 (higher speed and more trains)  would be virtually  entirely 
compensated; 
converting  unprotected  level crossmgs on 160 routes t o  protected level 
crossings with automatic flashing hght Installations. 

- converting  the  most hazardous automatic  flashing light  installations to 

From  the  graphically represented relationship between methods, costs and risk 
reduction, it may be seen which results each method  could achieve (fig.12). It is clear 
that  the large r s k  reduction in the steep part of the graph may be attained against 
relattvely low expendlture and also that the  costs  involved in further  decreasing the  risk 
will gradually rise. 
Given  the  contrasting  targets,  methods and prior  conditions,  the  appropriate 
management now has the task  of chooslng a good mix (fig.11 I. The freedom t o  choose 
is rather  limited,  though, as inseparable relationships exist  between  the  three aspects 
which determine the policy.  The  relatlonships are fixed due t o  NS having selected the 
following  strategy of managing the level crossings risk:  begin with those  investments 
which wlll have  the  highest  safety return. 
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Fig. 13 Schematic representation of the risk  yardstick 
This instrument has an overall  scale and scales for sub-riskaspects 
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MEFHODS of  limiting  the sequential risk in case of a  collision 
The SAVE study has drawn  attentlon to the derailing risk. From analyses, it has 
become apparent that  the IC 3 “front runner’’ is  five  times  more  likely to  derail  than 
average, other NS stock. It is therefore  Important  that NS initiates  efforts to reduce  the 
likelihood  of railway  stock deralling. 
The prime methods distinguished concern provislons which prevent  (parts of) vehicles 
ending up  under the bogle (fit track clearers) andlor Increase axle pressure, whereby 
it becomes less likely  that  the tram IS llfted  off the tracks. These measures do  not form 
an  immedlate  part of a level crosslngs policy but are, to a large degree, related to it. 
After all, the envlsaged effect  will have a  direct  Influence on  the number of  potential 
victims inside  a train in case of an accident at a  level crossing, as  well as  on  the 
associated company  (safety) image. 

Risk management of level crossings risk (fig. 13) 
Risk  management  means planning to control risks. To be able to  draw up  plans and to  
take risk reducing measures with respect to level crossings, the  following  aspects  must 
have been researched and be known as thoroughly as possible: 

know  the  risks and thecr causes 
know to  what extent the causes contrlbute to  the  total 
be able to  prtoritize 
be able to predict  the  effects  of measures consldered 
be able to  evaluate and, If  need be, adjust measures In  practice 

The risk of incidents  at level  crosslngs IS not a slngle entity. Various separate risks are 
involved, each wlth entwely dlfferent consequences and  therefore  entirely different 
evaluations: 

large chance  of one  or more vvmms: 
operating  disruptlon: 
damaged image; 
chance of derailmg and the assoclated risk of large sequential accidents, 
possibly a  real  tram disaster; 
the  chance of a dangerous substances or hlgh  speed train being involved. 

To  allow  the  most  effective methods to be determined, a  risk management tool  is 
developed. A large  number of physical  characteristlcs of existing  level  crossings are 
gathered  together and these are then probed against the  number and circumstances of 
any collisions that  took place  on  them. In doing so, a method evolves  through which 
(any common)  inadequacies  of  materially unsafe level crossings can be pinpointed. It 
is not anticipated,  however,  that  such  characterlstics can be detected  for  all level 
crossings  on whlch colllstons  have  taken place. Colltslons also happen by sheer 
coincidence. 
This risk management  tool, It IS expected, wdl also allow  level  crossings to be selected 
on whlch. as yet,  no or few lncldents have occurred but which nevertheless potentially 
pose an  Increased nsk.  Through  speclflc, preventwe measures, it could be precluded 
that such a level crossmg stdl reveal Its unsafe nature in the future. 
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As a  yardstick  for  the level crosstngs rtsk to  be accepted, the annually permissible 
maximum number of collisions  may be  used. Targeting the number  of  collisions is 
preferable to the number of  victims as the number of victims depends to  a  large degree 
on  arbitrary factors, such as, for example, the number of passengers in the colliding 
vehicle. 
We expect  the database for  the risk yardstick to  be ready by  the  end  of 1993 so that 
the  first analyses may be  conducted. 

Proposed policy  and  financing 
To bring about  a reduction In the number of collisions at level crossings, systematic 
investment in level  crossings is needed.  The size  of the required amount is connected 
with the degree of  the risk reduction targeted and the  time scale in which this is to 
take place. 
Within  the proposed level crossings policy, three  kinds of projects  may be 
distinguished: 
1. Construction  of  approximately 100 fly-over  junctions for routes with more  than 

3 tracks  where train  travel speeds will exceed 160 kmlhour.  This  policy course 
of action had already been laid down In the current Dutch  level crossings policy. 
The costs are estimated at around Dfl. 1400 million. Implementing  this 
particular  actlon will be spread out over the entire  realization period for Rail 21, 
i.e. up to the year 2010. lnspite of this policy  the  risk will  grow  with about 
70% (fig.14) 

2. One of the prior conditions of the new level crossings  policy is  that  unprotected 
level crossings are  no longer allowable at speeds exceeding 140 kmhour. 
Conversion to  crossings with automatic  flashing  light installations, or abolishing 
the crosstng altogether,  will then be necessary. This  entails  some 200 
unprotected  level  crossings being converted or abolished. Estimated  cost Dfl. 
41 million. Implementation of this  project must keep pace with the introduction 
of  the  new  train speed  of 160 kmlhot.fr. 

3. To be able to  factually  translate  the  level  crossings  policy into a level crossings 
risk  policy requires a  long range  plan (along wlth a  corresponding  annual  budget) 
for the execution of risk-limiting measures. The size of the budget is directly 
dependent on the degree of the rlsk reduction targeted  and the  time scale in 
which things are t o  take place. Two scenartos have been detailed, within which 
all  kinds  of  variations are possible (fig.15). 
(The cheaper) Option I will  cost about Dfl. 180 million and, by the year 2010, 
will result In a risk  reductlon of 33 victims p.a. compared to  the situation  that 
the  current  level  crossings policy should be maintained. One feature of this 
optlon IS that  safety-enhancmg methods will be used In  the  technology and lay- 
out  of  the level  crossmgs. The first  step towards  effecting  this scenario, 
converting 200  accident prone automatlc flashmg light  installations  into 
automatic  half-barrler  systems, has already  been taken. Costs approx. Dfl. 60 
million. Risk reduction as compared to  2010 following realization of Rail 21 will 
be about 24 casualties Der annum. 
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Option l l  will cost Dfl. 1060 mlllion and, by  the year 2010, will  result in a risk 
reduction of  some 55 vlctims p.a. compared to  the  situation  that the current 
level crossings policy  should be mamtained. This  option  contains the measures 
of  Option I as  well as converslon of 50 materially unsafe automatic half-barrier 
level crossings into  fly-over junctlons. A cheaper alternative would  lie in a (yet 
to be developed) type  of level crossing which  would close completely and 
automatlcally. 

Epilogue and  integration of the "ingredients" 
The new  level crossings policy should provtde both  direction and firm  answers in the 
entlrely new study field of  rlsk Increases, t.e. when is  a risk acceptable, which 
measures may be taken, how should these safety-enhancing measures be financed, 
etc. It will  no longer be the  level crossmg itself which will be at the  heart of  the issue, 
but rather the level crossing risk. 
It is self-evident that such  a  re-orientatlon and reformulation of the  policy  cannot be 
plucked out of the blue but requires clear analysis of  the  risks  as  well  as a learning 
process. The  new policy will  no longer primarily recognize  a  technological target, 
instead, it wdl  formulate  a  risk  target and the  level crossings risk is far from being 
technologlcal.  This  target  carrles  an emotlonal charge which  is  directly  related to the 
highly  commerclal "money", because money can take  away  the risk. There is no need 
for people to  die on  level crosstngs, provlded  money IS made available to  replace the 
level crossmgs with fly-over  junctlons. The prlce ticket dangling from  this  proposal  is 
estimated to read Dfl. 15 to  20 billion. Which is  an  awful  lot of money  for  the 
preventlon  of  the social risk of 50 to 80 casualties a year. 

The natlon's  mobillty IS stdl growing.  Mobility costs money. Greater mobility  is 
accompanied by a greater risk  of  incldents and accidents. Whether or not a  risk  level 
is  acceptable  is not determined by NS. Rather, It will be a sociaVpolitical decision. The 
public  transport company NS should not need to  answer all by  itself for the risk 
changes at  level crossings resultlng  from  the changes due to  Rail 21. NS would  not 
even be capable of doing so all by  Itself. The question of which target to  adopt and 
how  to  pay for that target to be realized should first and foremost be answered by 
soclety and, therefore, by  politicians. The target  should be formulated such  that all 
safety  risks in (public)  transport are integrally considered. NS shoulders the  task of 
indicating by  which methods the level crossings risk may best be reduced at as low a 
cost as possible. After all, risks are part of life and of the society we live in, and the 
money  needed to decrease the  risks IS scarce and can only be spent once ... 
The  biggest merlt of the SAVE mvestlgation IS that a risk  model has been developed 
which enables lnslght  Into  the consequences of risk changes at level  crossings and 
couples  these to methods and sums of money needed to manage this risk. 
The assumptions used In the  model  may be dlsputed to  some extent  but do not  render 
the model any less valuable. The calculation model has been decisive in  reformulating 
the  new  level crossmgs policy. 
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Fig. 17 Result of an ergonomrc study, to create a level crossing wlth a minimum 
accident rjsk; a full barrler crossmg 
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Naturally, NS too aims at abolishing alllevel crossings. Formulating a target, however. 
is a useless exercise unless  the  target  is feasible and viable. Abolishing  all level 
crossings is not. This luxury cannot be realized within the foreseeable future. 
It is feasible, though, to reduce the  average rncident risk at existing  level crossings to 
a considerable degree b y  implementing specific  safety-enhancing measures. NS‘s 
strategy therefore aims to use any avadable money as effectively  as possible. 

The  new  level crossings policy, as has been described above, has been  submitted to 
the  Minister of Transport. The government have taken a positive view  of the  risk policy 
for level crossings. The policy provtded the  Mlnister of Transport with one more 
impetus to  begin to formulate an Integral safety  policy for Netherlands  Railways and 
to  include in It a direct  connection  with  other  modes  of transport. The Minister  is 
expected to  make  the  government’s  posltion known  in 1994. In the meantime, 
however, work has begun on realizing the new level crossings policy - 200 unsafe 
crossmgs with automatic  flashing  light  Installations wdl have been  converted  into 
automatic half-barrler systems  by the year 2001. 

In short, NS intends to apply the followmg pol~cy spearheads in  the next few years: 
Prevent collisions; Deal wzth materially  unsafe  level crossings; 

convert  automatlcflashing  lightinstallations 
Into  automatlc half-barrier systems  (fig  16). 
convert  the  latter  Into  either free passage 
or full barrler crossmgs (fig.17) 
Abolish or protect  unprotected level 
crossmgs  on 160 routes 
prevent  second collisions 
prevent  slalom drlvlng 
educate and provide information 
Llmlt  the  risk of a tram derailing by 

Tackle  driving behaviour; 

Limit  the consequences of 
any collisions; adapting  stock 
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THE SAFETY OF HIGHSPEED RAILWAY TUNNELS 
GERMAN EXPERIENCE OF PLANNING AND REALISATION OF sAF€iY MEASURES 

INDEX 

CONCLUSIONS 

CONCLUSIONS 
High-speed railway lines with a great proportion of tunnels require  special  exami- 
nations of safety in case of fire. This is caused by  the  potentially  greater  extent of 
damage  as a consequence of an accident within tunnels in comparison to an open 
line. 
The  decisive  contribution to reduce the risks is the emergency  braking  override  for 
passenger  trains. 
Especially  expensive  are the investments  for self rescue and external  rescue. 
Furthermore  regular  training is very  important to guarantee  the efficiency of the 
rescue  system. 
The commensuration of appropriate  measures has been estimated differently in 
viewoftherai~yontheonehandandphepuMicresaileservi~sontheother 
hand. Therefore  the public  rescue  services should participate at an early stage of 
planning new lines.  Jointly  examing the required  measures, the generally  high  level 
of railway  safety  should be emphasized. 
Unforimately, it still seems  utopian to obtain a generally  approved  scale for 
adequate safety measures. 
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THE PROBLEM, EXPERT REPORT 

To speak about 'The Safety of high-speed  railway tunnels' is, from a German point 
of view, a view from yesterday  to  tomorrow. Since 1991 we have been running two 
l ines and new lines are planned (Chart 1). 
Safely measures can be d e v e l o p e d  from (1) single  acddents, (2) statistical data of 
alongertmand(3)research. Iwilltalkaboutthe1astone:researchwiththeex- 
perienceintheoryandpradice. 
Safetyforpassengersinrailwaytunnelsisane~ofmorethanoneanda 
hallcenturies.Togobytrainissaferthantogobycar.~istheproMem? 
Reflections of railway experts and scientists have come to the andusii that new 
linesaresaferthanotherlinesdespitethemaximumspeedaf250kmlh.But:the 
shareaftunnelsisabout35%andanaccidentina~aithoughwithminorpro- 
bability  could cause greater damage. 
~enceshawsthattuNelsarebynomeanslesssafe~otherrai lwaysec-  
tion~-onthecontrary;insideaklM181the~insareprotectedfromaverietyof 
conceivable dangers like snow or storm. However, if a train comes to a halt inside a 
longertuMwlduetofireandtheinterventionaffire-frghtingbrigadesandrescue 
senikes should be required, problems might arise. The place of the accident l i  in 
unaccessiMepointswherethehgh~ofpuMicrescueisnoteffective.The 
GermanRaiiwayswereawareofthisfactataveryearly~andhascommis- 
sionedthezwichbasedEngineeringcOmpanyBasler&HofmaMl(now:EmstBas- 
IerWartner AG, Zollikerstr. 65, CH-8702 Zollikon)  to analyse the complexity of this 
correlationinantucpertreportonsafely. 
The~reportisbasedonasaf~~whichwasdevelopedoveraperiodaf 
15years,andwhichwasfwtherdevelopedfortheturrnelsafthehigh-speedlines 
based on the following  essential elements: 
(1 ) Elaboretion of quantitative  risk parameters as a measure of safety, 
(2) Risk analysis, 
(3) Planning of safety measures on the basis of costlbenefit considerations and 
(4) Risk assessment  for the determination of the required  safety standard. 
Let me go into the particulars of the risk  analysis and later on into Costlbenefii con- 
siderations. 

RISKANALYSIS; INDMDUAL RISK, COUECTWE RISK, AVERSION FACTOR 

In order to assess the risks of a technical  system it is required that all a c c i d e n t a l  
events are  investigated with regard to the probability of the event and its conse- 
quences. To measure the comequmces in the railway problem, in the expert 
reportthemrmberoffatalitieswasused.Ofcourse,thereisotherdamage~as 
injuries,  material damage and so on. However, for simplicity reasms, they had to 
use the number of fatalities  as a proxy attribute to measure all damage. This  risk 
measure is not suffkient to  cover the whole @em. 
Inthesafetymodel,adistindionismadebetweenWeedifferentpointsofview, 
namely the individual who is exposed to a risk, the society and the company or 
agency which is reponsibie  for a hmardous activity. 
This can be illustrated with the example of a dam break risk Each person bekm 
the dam has a certain annual  probability of being killed by a dam break These 
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probabilities,  called the individual risks, are  plotted in a decreasing order here 
(Chart 2). 
Besides the individual risk, society is COtlcBmed with the expected  number of 
vidims per year among the entire downstream population. This is simply the sum of 
all  individual risks and is represented by the area below the Braph of chart 2. This 
measure is called the collective risk wh i i  we talked  about before it represents the 
statistical  damage  expectation. 
Athirdpointhastobetakenintoaccount~encehas~thatacompanyor 
agency may be faced with special problems caused by  extremely  severe acddents. 
Suchaccidents~notonlymerelyaffeditseconomicbasisbutalsoitsimage 
w h i i  may.indirectly endanger a company's existence- Alter a catastrophe in a 
tunnel it could be possible that passengers simply refuse to use high-speed trains. 
Either  way,  this would eventually mean that the new system no longer could be 
operated with any profit 
Therefom definition of the collective risk is extended. The new measure, c a l l e d  the 
perceived  collective risk, emphasizes the importance of highconsequence events. 
Well, the weighting factors are commonly known as risk aversion  factors. 
Onthechart3youcanseethefactorswhi~wereusedintherai~ystudyand 
-asafwthetexample-thoseusedin~ivesafety.Thesefunctionscannotbe 
determined in an &jective way. Rather, they b e l o n g  to the risk  appraisal part and 
involve  value judgements. 

PLANNlNooFsAFEpIMEAsuREs;cosT/BENERTREtATloN 

Althoughtheaimofsomepeople~insafetyis'zerorislC,we~thatthefe 
is always a remaining risk Our question is: w h i i  measures have low costs and 
high risk reduction so that the money is spent m y .  
Altogether  about 100 safety measures  were  investigated and estimated in costs 
and possible risk reduction.  Finally, all safety measures and their combinations 
were plotted in a risklcost-diagram  (Chart 4). 
You will realize that only the measures on the optimal line are of futther interest as 
only those measures  achieve the maximal risk reduction for a given amount of 
mOnt?y. 

RESULT OF THE EXPERT REPORT AND FURTHER DEVELOPIWHT TO THE CONCEPT 

The result  obtained  mainly  consisted of organisatid preparations regarding the 
existing  and  external rescue measures. For the ocatnence of a major event, whi i  
may be highly  unlikely, only moderate expenses are considered acceptable. 
This result has been fiather dereloped by experts of the German Railways striving 
for a concrete realization. 
The set of measures to be taken comprises the following four components: 

(3) self-rescue measures (Chart 6) and 
(4) external  rescue measures (Chart 7). 
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The measures d e s i g n e d  to prevent accidents serve the strategic aim of taking 
preventive steps to exclude conceivable dangers and they are mainly based on the 
planning of general safety measures. 
From the safety point of view, the most important element of the measures 
designed to restrid the extent of accidents c o n s i s t s  in the uncompromising i m  
dudionafthe'emergencybrakingovenide'onallpassengertrainsoftheh~ 
speed l i .  The 'emergency braking override' is 8 special piece of equipment for  
neutralising an emergency brake, pulled by a passenger. So the e n g i n e  driver can 
avoid a stop within the tunnel. 
Theconcreteamngemntsconcemingthetwocomponentsselfrescuemeasures 
and external restxe  measures are dosely related to the kind of rescue services. 
Self rescue and external rescuB m s u r e s  take account of the situation arising 
when the extent-feducing measures fail to achieve the desiied effect and passen- 
gers have to be evacuated from a b u r n i n g  train stuck inside the tunnel. Under 
theses circumstances the help of fire brigades and recme sewices will be needed. 

PROBIEMSAFUSINGDURINGMEELABORATKNOFIHECONCEPT 

Generalprotedionagainstfireas~lasgeneralemergencypreventionlieinthe 
responsibility of the Federal States. In case of em e r g e n c y ,  the Federal Railway 
reiiis on the public support of the fire brigades and the rescue sewices. 
In view of this situation, a special workshop Federal  Raiiwayffederal States 
i n - d e p t h  discussions regarding the safety concept for the turmels on the high-speed 
l i nes .  

D B a s e d o n t h e e ~ r e p o r t a r m p i I e d b y B a s l e r 8 ~ t h e G e m r a n  
FederalRaihvaysstartedfromtheassumptionthatwithrespedtothesdf 
rescue and the assisted r e x u e  measures, commensuration to other 
safety measures like level c r o s s i n g  safety has to be maintained and an 
unequal weighting in the overall railway safety system can not be 
tolerated in  view of the unlikelihood of these measures to come into 
application. 

D For their part, the state government dedared themselves in favour of a 
maximum rescue potential for persons involved, irrespective of ttre 
likelihood of an  accident. 

In view of these controversial opinions it is not to be expected that a perfect 
consensus will be achieved.  Nevertheless, the workshop consultations had a fiuiil 
impad on a variety of design concepts amongst the divisions of the German 
Railways; especially a d e t a i l e d  assisted rescue concept was establ ished in dose 
Cooperation. 
Auniformrsalisationoftheconceptagreeduponwiththefireprotedione~sof 
the individual states was, however, aggravated by the fad that some of the fire 
brigades concerned developed divergent ideas regarding their strategy for action. 

REAUZATKNOfMEESSENTlALCOMPONENTSOFTnECONCEPT 

Let me explain the realization of the comwnents shown in Chart 6. 

Emeroencv brakim override 
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Due  to the robust construction of railway  vehicles it can be taken for granted that 
the train remains in running order even in a case of a fully developed fire. On the 
other hand, the emergency brake systems allow passengers to cause an un- 
controlled stoppage of the train. Passengers might possibly bring a train to a halt 
inside a tunnel thus taking adion w h i  counteracts the objedives of the safety 
concept strategy. 
In order to  rule out such situations, passenger trains on high-speed lines w i l l  be 
equipped with facilities  overriding  passenger-induced emergency braking. 

Measures  taken bv the train Dersonnel 
A uni fm action scheme was developed which as 'self rescue concepr is binding 
to the train personnel. 

Tunnel liihtinq 
The lighting in tunnels with a length of more than 1 OOO m consists of individual 
lamps  installed at a distance of 44 m. 

E m  Routes 
Inside the tunnels of the high-speed lii, escape paths approximately 1.7 m wide 
are  available on both sides. 

Markina of Escaoe routes 
Theescaperoutesaremarkedbystandardpictogramsingeneraluse. 

Emeraencvt- 
inside the tunnei telephones are to be found on both sides every 600 m,  which 
alkM a connedjon with the responsible station inspector without dialling. 

Emeroencv exits 
Emergency exits allw the passengers to escape from the tunnel to a 'safe area', in 
order to  evade the danger in a smoke-flled tunnel. Concerning the significance of 
emergency exits in the tunnels of the high-speed lines, the entire  scope of decisive 
safety measures was investigated. 
Consideringanwnberofupto500peoplepertrain,aaiticaltimeforescapeof30 
minandanav~speedof~about60mlmin , turmels~a lengthofmore  
than3kmwillpeprovidedwithemergencyexitsaccordingtotherescuebeneM 
and commensurate  considerations.  Flrrthermore the tunnels were built with slope 
only in one direction. So there is natural ventilation in the tunnel and there is no 
valley  where  liquid or gas can colled 

External  rescue measures 
Foranefficiente~~resareadion'aresareconceptwasdevdopedtogether 
with the experts ofthe individual states 

Each of six rescue trains consists of one equipment coach, one coach carrying fire 
extinguishing  material, furhemore one ambulance coach and two tranqmt 
coaches using  gastight containers. For tradion purposes, use  is  made of two dieset 
engines with the option to  install a shuttle service between the interior of a tunnel 
and an accessible place outside. The railway p e r s o m e 1  consists only of the two 
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locomotive  drivers. All other  personnel  including the o p e r a t i o n a l  managers come 
from  the fire brigade  and the rescue  services. 

COSTS 

The overall costs for the safety  precautions  amount to 
D approx 60 x 106 DM for  the  special  tunnel  equipment  and 
D approx 120 x l@ DM for the  rescue  trains  including  facilities  for  the  trains to 

In  addition a rescue  train  requires  another 2 x 106 DM per  year  for  stand-by  duties, 
maintenance  and  regular  training  of the rescue  teams. 
Consequently  along  the  high-speed  line, the costs for  safety  precautions  only 
aiming at minimising the risk of fire  inside passenger trains  amount  to  about 0.8 x 
I06 DM for a tunnel length of 1 OOO m. 

be stationed. 

CONSEQUENCES ON THE OPERATNG PROGRAM OF WE HIGH-SPEED LINES 

For the two high-speed  lines, operations involving fast passenger and freight  trains 
have been envisaged. In order  to  minimise the risk for trains, the running hours for 
passenger  trains  and  freight trains have largely been separated, that  means 
passenger  trains  are  run  during the day  time  while  freight  trains  are run at night 
This implies a considerable restriction regarding  competitive, highqualii transport 
performance. 
Wrth respect  to passenger traffic the usage of passenger carriages is considerably 
inspired  by the strict rule that . t h e s e  trains  have to be  equipped with emergency 
braking  override,  which  is especially problematic  regarding  international  long- 
distance  trains. 

CONSEQUENCES FOR FUNRE HIGHSPEED LINES 

The  concepts  for Mure high-speed  lines (see Chart 1) have  been  set  up in such a 
way  that  by  means of appropriate realization and s t r u c t u r a l  design of the  tracks, the 
efforts for special  safety  measures  inside  tunnels will be  restricted. 
Along  certain  lines only rapid  passenger  traffic is envisaged  from  the  very  begin- 
ning,  allowing a minimisation of tunnel  sections  by  accepting  greater  gradients  thus 
improving  adaptation  to  topographic  conditions. 
For each line section with tunnels - especially lines with passenger  and  freight 
traffic - alternative  external  rescue  concepts  with or without rescue  trains  are  being 
considered. If possible  from  the  routing  and constructional point of view, two 
parallel  single-track  tunnels  are  to  be  constructed  instead of twin-track  tunnels. 
These  tunnels  are  to  be  designed in such a way that they  are  accessible with road 
vehicles and  that with correspondingly arranged cross pasages, one tunnel  can be 
used  both  as escape and  rescue tunnel. Even in locations  where twin-track tunnels 
are  inevitable, efforts are  being  made  to  do without TBSCUB trains  by  providing 
emergency  exits  as well as fire fighting water and  radio  equipment 
Before  drawing  to a close,  may I be  allowed  the aitical remark  that with regard to 
safety measures the relation between benefits  and costs may  not be totally  ignored. 
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It can not be in the public  interest that the  competiveness of an  enterprise  like the 
German  Railways is put at a disadvantage  compared to road traffic with its 
considerably  greater  traffic risk 

CONCLUSIONS 

High-speed  railway  lines with a great  proportion of tunnels  require  special  exami- 
nations of safety in case of fire.  This is caused  by the  potentially  greatw extent of 
damage as a consequence of an accident  within  tunnels in comparison to  an open 
line. 
The decisive  contribution to reduce the  risks  is the  emergency braking override for 
passenger  trains. 
Especially  expensive are the investments for self rescue  and  external rescue. 
Furtheme regular training is very  important to guarantee  the efficiency of the 
rescue system. 
The commensuration of appropriate  measures has been estimated  differently in 
view of the railway on the one hand and the public rescue Services on the other 
hand. Therefore the public rescue sewices should partiupate at an early stage of 
planning new lines.  Jointly  examing the required  measures, the generally high level 
of railway  safety should be emphasized. 
Unfortunately, it still seems  utopian to obtain a generally  approved  scale for 
adequate  safety  measures. 
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INTRODUCTDN 

The New South Wales, Australia, Rail Safety  Act, 1993, which came into  force  on 
24 September 1993, is the  product  of  careful analysis of experience on both the 
international and domestic  fronts  of  mechanisms  to  regulate  the  safety  of  rail 
operations. While it incorporates  the  best  elements of  existing  regulatory regimes, it 
has been  structured  to  avoid the large bureaucratic  organisations, with their 
associated costs, which are often needed to  administer similar regulatory schemes. 

The  impetus  to  develop  this legislation  did not come  from  any  shortcoming in the 
maintenance  of rail safety  by  the  principal  railway  in  New  South Wales (the  largest 
Government  railway  operation in Australia), the  State Rail Authority. Rather, it was 
prompted  by  the  substantial change  and growth  occurring  within  the  rail  industry in 
State  and  in Australia  generally. 

By way  of background, the Government owned  State Rail Authority (SRA) has 
enjoyed a  virtual  monopoly  over  public  railway  operations  for  nearly 140 years. 
However, developments over  the  last two years, which  have been promoted  and 
implemented  by  the Rail Policy  and  Regulation  Division of  the  Department of 
Transport, headed by Mr  John Walker, have seen this  monopoly  eroded with an 
increasing  move  to  open  access to  the rail  system.  Some of these  developments 
are: 

the  establishment  of  a  national  freight carrier, the  National Rail Corporation; 
the  trend  to  establish  commercial Short Lines from  what  were  previously 

considerable growth  in heritage  train operators; 
the expansion of  commercial  railway  systems  such as the  Zig Zag Tourist 
Railway,  Silverton  Tramways  and Skitube; 
plans  for a  high speed, privately operated  trains  and negotiations  underway with 
large companies for  private  freight  railways; and 
proposals  to  evaluate  the  introduction  of light railways  in  major  metropolitan 
centres such as Sydney  and  Newcastle. 

disused SRA lines; 

These factors meant that a  number of rail  operations  were  not  subject  to  proper 
regulatory  control.  Attachment 1 details  the  site  locations within NSW of the 
various  rail operators. 

In general, prior to  the  enactment  of  the Rail Safety  Act,  the  safety of privately 
operated  railways  was  covered mainly by the  Occupational  Health  and  Safety Act 
and  the Shops, Factories and  Industries  Act.  These  Acts are primarily  concerned 
with  the workplace  environment and were  never  intended to  cater for the  special 
aspects  of rail  safety,  particularly  in  relation to operations, infrastructure  or  rolling 
stock. 

In  this  environment, it was clear that  the  Government  needed  to  act  to  ensure  that 
adequate  and  independent  regulation was developed to  provide  for  the safe 
construction,  operation  and maintenance  of railways  within  the  State  and  the Rail 
Safety  Act is the  mechanism  developed to achieve this  objective. 
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The legislation is  also a further step in implementing the Government's policy of 
separating regulatory functions  from the operational sctivities af Government 
Agencies. In this respect, the Government  is of thc  4ew  tha: regulatory and 
operational functions should be  separated so that operational agencies  can 
concentrate on delivering services to their customers. At the same time, regulatory 
functions should be preferably undertaken  by inner budget sector bodies which are 
sufficiently separate from operational activities to maintain a high degree  of 
independence. 

The enactment of this legislation has therefore established a significant landmark in 
the operation of railways in  New South Wales. Furthermore, it has also established 
a national benchmark for similar legislation in  other States throughout Australia. It 
is appropriate that such legislation should be initiated  in New South Wales  where 
that State's railways have long been  associated with being a meaningful tool in the 
development and well-being of the State as well as  being pivotal  railways within the 
national railway scene. 

OVERVIEW OF THE  SCHEME 

Under this legislation, any person or organisation wishing  to operate a rail service in 
New South Wales will have to be accredited by the Director-General of the 
Department of Transport. Perhaps the most significant feature of the  Act is that it 
is co-regulatory  in nature. That is, it relies upon each railway developing its  own 
benchmarks for safety performance, within the  framework  of generally accepted 
standards, against which the Government will  monitor compliance. 

As such, the Government will  not necessarily be establishing new and highly 
prescriptive standards which all elements of the rail industry must adhere to. 
Rather, individual railways will be responsible for developing their own safety 
performance standards and submitting them to the Director-General of the 
Department of Transport for assessment.  Where the Director-General is satisfied 
that the proposed standards will maintain the highest levels of safety then the 
organisation will be accredited. 

This does not, of course,  mean that safety standards will slip under the new 
scheme, but rather, it is significant because it recognises that railways  with 
different operational characteristics should not  all have to  follow  the same rigid 
standards, irrespective of the type  of operation they are  running. For example, a 
small, freight only railway operating on a short line  which does not connect  with 
any  other main line should not necessarily  have to operate to the  same scope of 
safety standards as would  apply to, for example, a suburban passenger network. 

On the question of standards, of course,  there will still be a clear need for railways 
seeking accreditation to adopt  technical standards which are widely accepted as 
sufficient to maintain the safety of rail operations as accreditation will only be 
granted  where  the  safety standards submitted by a  railway can be demonstrated to 
ensure that the railway will be operated to accepted levels of safety. 

These arrangements aim to  cater  for the public interest in matters of  safety and, at 
the same  time, provide operators with the scope to determine their own measures 
to pursue agreed levels of  safety performance. 

An integral part of the overall scheme is the requirements for railways to conduct 
investigations  into  any safety related incident and report the findings to the director- 



J 

- 3 -  

general. This  further  promotes  the overall thrust  of  the  legislation  which aims at 
ensuring that railways  take  responsibility  for  maintaining  the  safety of their  systems. 

Also it removed  the need for separate investigatory  and  regulatory agencies to be 
established, an approach which has been adopted  in  many  other  countries.  As  the 
railways  themselves will be responsible for investigations, the  Government will 
generally only  investigate  incidents  where  there are concerns  about  the 
thoroughness of a  railway's own investigation,  or the  incident is serious  enough to 
warrant  independent  investigation. This approach has the  advantage of significantly 
restricting  the resources  required to administer the  legislation  and  obviates  the  need 
to establish separate investigatory functions. 

There are also  requirements for a range of  notifiable  occurrences  to  be  reported on a 
regular basis. This will enable the Government to monitor  performance  and  step in 
where  there appears to  be a  problem  developing in a  particular  railway. These 
reporting  requirements will also provide a means by  which  the  magnitude  and  nature 
Of rail safety issues can be more readily  understood  and measured. 

BASIC  ELEMENTS OF THE  SCHEME 

The  Directorate of Rail Safety 

The Act  provides  that  the Director-General of  the  New  South Wales Department  of 
Transport  is  responsible  for  regulating  the  safety of all  rail  operations in the State. 
The Department  of  Transport  is a separate organisation to  all operational  railways in 
the State, including  the  Government  owned  State Rail Authority,  and  this ensures 
the independence of the  regulatory  function. 

In practice, the  day  to  day  administration  of  the  legislation will be handled by a new 
unit  which has been established within  the Rail Policy  and  Regulation  Division of  the 
Department  called  the  Directorate  of Rail Safety.  The  Directorate will oversee  the 
safety of  all  railways  operating  in  New  South Wales and  reflect  the  best  aspects of 
other similar  schemes  operating in Great Britain, Canada and  the USA. Attachment 
2 shows  the  position  of  the  Directorate  within  the  Department and its  relationship 
with operating  railways. 

The  Directorate will be predominantly  staffed by persons with the necessary 
comprehensive  expertise  and depth  of experience in the  rail  industry to  properly 
assess safety standards submitted  by applicants for  accreditation. These officers 
will also conduct  compliance  audits,  inspect  railway  operations  and  participate  in 
inquiries into safety  matters. 

Provision  has  been made in the legislation for  the  secondment of  appropriately 
qualified staff from the  transport  authorities.  This ensures that  the  Directorate  has 
adequate  access to a pool  of expertise. 

Railwavs  Covered bv the Leaislation 

The  provisions of the  Act  apply  to all passenger and  freight  railways  operating in the 
State on track with a  gauge of 600 millimetres or more.  This  includes heavy rail, 
light rail, inclined rad. monorail  and  tramways.  However, it does not apply to  
railways which are already adequately  covered by  existing  legislation  such as 
underground  mining  rail  systems  or  amusement  park  rides  such as the  "big  dipper" 
and  "ghost  train". 

i 
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Owners/ODerators 

As an  opecator of rail services may not necessariiy  also own  the track upon which it 
operates 'le legislation draws a distinction  between the accreditation of an owner 
and an operator of a railway. A railway owner can be generally defined as the party 
who is responsible, whether by ownership, lease  or other arrangements, for  the 
construction and maintenance of the infrastructure and associated control systems 
of a railway, whilst  a  railway operator is the person or organisation which operates 
the  railway and  is responsible for the maintenance of the rolling stock. This does 
not prevent, however,  one  person or organisation becoming accredited as  an owner 
and operator. 

Accreditation 

In assessing an application for accreditation to operate a railway, the Director- 
General may take into account all factors  which are considered relevant in the 
circumstances, including: 

current departmental and government policy; 
the applicant's financial position; 
the applicant's competency and capacity  to maintain and operate a railway in 

the suitability and  appropriateness of infrastructure, rolling stock, signalling and 

competency of safeworking staff; and 
availability  of adequate staff and facilities  (such as workshops  and depots) to 

terms of financial, administrative and technical expertise; 

safeworking systems; 

properly operate and maintain the subject railway. 

Private Railwav Sidinqs 

Throughout  the State there are a large number of privately owned railway sidings. 
These  are sections of track which are connected to a main rail line  but are not 
necessarily owned by  the main rail line owner. As some of these are no longer used 
it was  not considered appropriate to  provide blanket coverage of these sidings in the 
legislation. Rather, a discretion has been given to the owner of such a siding to 
elect  whether they wish  to maintain their access to an accredited main rail line or 
not. Should the owner decide to maintain the access, then it will be necessary to 
register the siding, on an annual  basis, with the Director-General and no rail operator 
will be permitted to  run services on an unregistered siding. 

Where a siding has been registered, then any rail operator applying for accreditation 
to operate on that  siding will be reot!ired to demonstrate that an appropriate 
agreement is in place for  its maintenanc- -2 appropriate standards of safety. Where 
a  siding has not been registered, then J accredited rail owner may apply to  the 
Director-General to disconnect the siding from the rail line  and, if approval is given, 
the  rail  owner can  sever hidher association with  the siding. 
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Railwav  Safetv  Workers 

An essential feature of the accreditation process will be for  owners  and  operators  to 
ensure that  railway employees performing  railway  safety work are adequately 
trained, are in  receipt  of appropriate  certificates of competency  and  have  the 
necessary  health and fitness to undertake this  work.  Additionally  they  must ensure 
that such railway employees are not under the  influence  of  alcohol  or  other  drugs 
when reporting  for duty or whilst  on  duty. 

Consequently,  this  legislation  extends the  provisions  of the Transport  Administration 
Act, 1988, covering  the  drug  and  alcohol  testing of SRA staff,  to  all  accredited 
railways in NSW. Furthermore the  Directorate  of Rail Safety, as part  of  its 
independent role, will arrange random  alcohol  and  drug  tests  of  railway  safety 
workers  to ensure that railways are being  operated  and  maintained  safely.  These 
are  most  likely  to  occur as part  of  the  compliance  auditing  functions  that  the 
Directorate will undertake. 

r 

r 
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Penalties 

TO ensure that  the  safety  of  individual  railways  is  properly monitored, the  legislation 
provides  that  the Director-General, or  a  person properly authorised, may  enter  and 
inspect  any property, premises or  rolling  stock  forming  part  of a railway or its 
operation, for  the purpose of inquiring  into  aspects of  railway safety, railway 
operations or a railway accident.  While  compliance with the  Act will generally be 
enforced  through  the suspension and/or  cancellation of an owner or operator's 
accreditation,  a  range  of penalties have been provided  in  the  Act to ensure that 
appropriate  sanctions  exist  to  deter  non-compliance with this  important legislation. 

The  maximum  penalty provided for is 12 months  imprisonment  and/or  a  fine of 
$250,000, in the case of a  corporation  (which  must  nominate a  director or directors 
to  be held responsible as part of  its application), or  imprisonment  and a fine  of 
$100,000 in any  other case. It is not envisaged that  the same person  could  be 
simultaneously  charged with more  than one offence. 

The Director-General will also be able to vary any  conditions  or  limitations  attached 
to an accreditation,  including  imposing new  conditions or limitations as well as 
granting  exemptions or interim  accreditations.  Provision has been  made for appeal 
to a court  against  the Director-General's  decision not  to  grant  an  accreditation  or  to 
suspend  and/or  cancel  an  accreditation. As suspension or  revocation of the SRA's 
accreditation  may  not be a viable punitive  action  in  response  to a  breach of its 
accreditation,  the  Director-General is empowered to  prosecute  the  Crown,  subject  to 
Ministerial approval. 

If a corporation  contravenes a provision  of  this  Act,  then  each  person who is a 
director  of  the  corporation, or who is concerned with management, will be regarded 
as  having  contravened that provision, if the person wilfully  authorised  or  permitted 
the  contravention.  Moreover,  such  a person will be able to  be  convicted as an 
individual,  whether  or not the corporation has been successfully  prosecuted. 

To provide  sufficient time for  the  conduct  of  thorough  field  inspections  and 
technical  evaluations  prior  to  the  commencement of action  for a breach  of  the 
provisions of this  legislation,  provisron has been made for  proceedings to be 
instituted  up  to  two  years  after an alleged offence  occurs. 
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Notifiable Occurrences 

Provision has  been  made, in Schedule 2 of the Act, for  owners and operators to 
give  timely advice on a range of  notifiable occurrences which may occur  on their 
railway. This information will be used to establish a database which will be used for 
the regulation of railways. Similarly owners and operators will also be required to 
provide an annual safety report. 

- Fees 

The legislation has negligible resource implications for the Government  as the costs 
of its administration will be recovered through accreditation and annual  fees.  The 
Government recognises that these fees,  because of  the diversity of railway 
operators throughout the State, will vary substantially according to each individual 
railway. For this reason, accreditation and  annual  fees will be  based on  calculations 
which use established  tonnage fee rates for commercial freight and passenger 
haulage. This means that applicants will need to  provide performance details or 
projections  of their railway. 

TO minimise  the impact on heritage and/or small rail ownerdoperators,  the 
accreditation and annual  fees will be  based  on a sliding scale relating to units of 
rolling  stock and/or  per track kilometrage accredited for operation. This will ensure 
that smaller organisations are not faced with unreasonable  fees. Details of the 
accreditation or annual fees  payable, including minimum fees, will be published in 
the NSW Government Gazette, and will be payable prior to the granting of an 
accreditation or in the case  of annual fees,  prior to the commencement of the 
ensuing year. 

W.S.CASLEY 
Director, 
Rail Safety 
Directorate of Rail Safety 
Rail Policy and Regulation  Division 
NSW Department of Transport 
24 September 1993 
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