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1 RISK MANAGEMENT 

Risk Management stands for thinking ahead, 
planning for contingencies and defining residual 
risks. 
Risk Management has so far been subject of numer-
ous publications. For further information please feel 
free to visit the author’s website 
http://www.moergeli.com – thank you. 

 
 

2 RISK MANAGEMENT IN ACTION 

Risk Management in Action stands for the suc-
cessful transformation of paperwork into the control 
of all relevant uncertainties of an underground con-
struction site. 

 
 

3 RISK MANAGEMENT IN ACTION – THE 
ANSWER TO CONTROL UNDERGROUND 
CONSTRUCTION 

Every project is always facing specific uncertain-
ties, possibly jeopardizing its successful completion. 

Every construction site is in addition confronted 
with changing work sites and work site conditions. 

And every underground construction relies on 
ground or rock with an unknown stress history and 
mostly unknown material characteristics as its spe-
cific building material. Tunneling means supporting 
ground or rock in a sustainable way, delivering high 
sophisticated structures, facing the most adverse en-
vironmental conditions, often for an expected life 
cycle time of hundred years or more. Tunneling 
stands for crews from a dozen or more nationalities, 

communicating in various languages, working in 
confined spaces, often miles away from the portal 
zone. They are supplied only by a very vulnerable 
bundle of communication, power and logistics lines. 
This is truly one of the last frontiers on this earth. 

Risk Management in Action is one of the tools 
that are feasible, affordable and available just in time 
to save the crew’s life and the project’s success. 

 
 

4 A SAFETY SYSTEM LEADING UP TO 
SYSTEM SAFETY 

 
Figure 01. Swiss Safety + Health 10 Points System 
 

 

 

ABSTRACT: The Swiss are currently building the world’s longest tunnel, the 35-mile long Gotthard Base 
Tunnel. For the first time in tunneling, at Lot 554, Tunnel Bodio/Switzerland, risk management allows the in-
novative combination of seven simultaneous complex working sequences in two high-speed railway tunnels 
by innovation. By stabilizing the production processes, the project’s performance and productivity will im-
prove. And stable processes create a safe working environment on a sustainable basis. 

http://www.moergeli.com/
mailto:info@moergeli.com
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By Swiss law a tunneling contractor is required to 
perform risk assessments and – as a result – set up a 
safety system. A safety system is the direct applica-
tion of risk management in action to safety and 
health for tunneling. 

 
 

5 PRELIMINARY HAZARD ANALYSIS 

A Preliminary Hazard Analysis (PHA or Hazard 
Portfolio) according to the Swiss Nation Accident 
Insurance Fund (suva, http://www.suva.ch) may be 
used as a filter. 

 
A Preliminary Hazard Analysis acts as a risk fo-

cused filter to allocate your restricted resources (to 
perform thorough and scientific risk assessments) to 
the most urgent and important issues. 

 
It regularly follows a three-step procedure: 
a) Set up a comprehensive hazard inventory (a pre-

liminary, qualitative risk identification) 
b) Provide evidence of available best risk man-

agement practices 
c) Fill in your identified risks in the adequate Risk-

Zone of your Hazard Portfolio. 
 
You will end up with a fast and easy to under-

stand graphic overview (a Risk Map). 
 
 

Figure 02. Example of PHA based on suva method 
 

 
 
 
You may then concentrate your efforts to perform 

a thorough risk assessment of all risks remaining in 
Risk-Zone 1. 

But before taking off into that timely and costly 
task make sure that your interdisciplinary team 
really confirms your Hazard Portfolio’s allocations. 

 
To provide evidence of available best risk man-

agement practices you may choose to use a checklist 
activating all known and relevant laws, regulations, 
guidelines, recommendations, experiences etc. 

Keeping your checklist periodically updated is 
the best way to continually enlarge your best risk 
management practices database. 

6 RISK ASSESSMENTS 

A Risk Matrix adopted to meet your requirements 
lets you decide which risks you can (or have to) ac-
cept. Risk Assessments (RA) are the most compre-
hensive, scientific tool to identify, evaluate, assess 
and control/manage all known risks. Every risk as-
sessment starts with a comprehensive definition of 
the relevant system’s limits. 

 
 

Figure 03. Example of a RA by TAT, based on suva method 
 

 
 
 

7 THE GOTTHARD BASE TUNNEL 

The Gotthard Base Tunnel has so far been subject of 
numerous publications. For further information 
please feel free to visit the owner’s website 
http://www.alptransit.ch – thank you. 

 
 

7.1  Lot 554, Tunnel Bodio, Gotthard Base 
Tunnel/Switzerland 

 
Figure 04. Selected Project Data of Lot 554, Tunnel Bodio 
 
Owner AlpTransit Gotthard AG 
Project Gotthard Base Tunnel 
Location Bodio, Canton Tessin 
Lot 554, Tunnel Bodio 
Designer & 
Client Representative 

Lombardi Engineering Limited/ 
Switzerland 

Contractor Consorzio (Joint venture) TAT, 
TUNNEL ALPTRANSIT 
TICINO. Bodio Lot 554 

Tunnel length 2 tunnels by ca. 16’600 m 
TBM drives ca 13.4 – 14 km 

Excavation cross section TBM diameter 8.83 m (61 m2) 
Construction method (Drill & Blast +) TBM 
Tunnel construction costs Bodio Lot 554 ca. CHF 700 M * 

(Work Contract CHF 1’481 M *) 
Construction time frame 10/2001 – 08/2011 ** 
Project status (10/2005) TBM drives >= 10’000 m *** 
Author’s mandate Safety + Health Engineer 

http://www.suva.ch/
http://www.alptransit.ch/


*       Excl. VAT (Value Added Tax) 
         1 USD (US Dollar) ≈ CHF (Swiss Franc) 1.35 (10/2005) 
**     According to current knowledge 
***   For more information please log on to the owner’s web-
site http://www.alptransit.ch and the contractor’s website 
http://www.tat-ti.ch - thank you. 

 
 
The work contract, a combination of Lot Bodio 

with Lot 452, Tunnel Faido, is currently Switzer-
land’s largest construction contract so far. 

 
 

Figure 05. Site Installations for Lot 554, Tunnel Bodio 
 

 
 
(Picture courtesy of TAT) 

 
 

8 SEVEN WORK SITES SIMULTANEOUSLY 

The combination of simultaneous working opera-
tions on seven work sites, in just two large running 
tunnels, and concreting the inner liner with a more 
than 600 m long bridge construction (by the so 
called “Worm”, work sites No. 2 and No. 6) is a 
world’s first according to the author’s best current 
knowledge. 

 
 

Figure 06. Seven Simultaneous Work Sites 
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(Picture courtesy of TAT) 

 
 

Simultaneous work sites, No.: 
1) TBM West 
2) Inner Lining West (“Worm” West) 
3) Inner Lining West (“Wormino” = small worm) 
4) TBM East 
5) Cross Passages every ca. 300 m 
6) Inner Lining East (“Worm” East) 
7) Inner Lining Cross Passages 

 

More than 40 Locomotives and 240 rail-bound 
cars, more than 180 train movements/day, more than 
600 workers coming from 14 different nations work-
ing a 24/7 schedule on 340 days/year are just some 
selected features to illustrate the complex logistics 
behind the project’s impressing performance. 

 
 

9  TUNNEL BORING MACHINES 

Figure 07. Two Herrenknecht TBMs 
 

 
 
(Picture courtesy of TAT) 

 
 
Two open gripper hard rock Tunnel Boring Ma-

chines (TBM), delivered by Herrenknecht AG from 
Germany, with a stroke of 2 m provides the required 
space for the intense rock support in the L1 section 
directly behind the cutter head. 

 
 

Figure 08. TBM Performance 
 

 
 
(Picture courtesy of TAT, translation by author) 

 
 
A 400 m long back-up trailer, delivered by Her-

renknecht as well, supplies the TBM with everything 
that is required to achieve high daily advance rates. 

 
Rock support in L1 and back-up logistics opera-

tions are the identified crucial success factors gov-
erning the overall TBM performance. 

 
 
 
 

http://www.alptransit.ch/
http://www.agn-amsteg.ch/


 
10 REFURBISHMENT OF L1 SECTIONS 

Figure 09. Distribution of Excavation/Support Classes 
 

 
 
(Picture courtesy of TAT, translation by author) 

 
 
In order to enhance performance, productivity 

and safety, the L1 sections of both TBMs were re-
furbished by Rowa Tunnelling Logistics AG during 
the Christmas/New Year break 2004. 

 
 

Figure 10. Example for L1 Refurbishment by Rowa 
 

 
 
(Picture courtesy of Rowa) 

 
 

11 CONCRETING TWO INNER LININGS 
WHILE DRIVING TWO TBMS 
SIMULTANEOUSLY 

Figure 11. Worm 
 

 
 

(Picture courtesy of TAT) 
Time schedule constraints did not allow to sepa-

rate TBM excavation from concreting the inner lin-
ing. 

So TAT came up with a world’s first. 
More than 14 different work processes, all per-

formed on 26 combined bridges (“Worm”), deliver 
24 new meters of tunnel every day on a five working 
day/week basis. All supplies come in on the inner 
rail, while the outer rail, and the outer rail only, has 
to remain open for the supply and logistics of the 
TBM boring about 3 km ahead. 

 
 

Figure 12. Finished Tunnel behind Worm 
 

 
 
(Picture courtesy of TAT) 

 
 

12 ENHANCING SAFETY BY INCREASING 
PRODUCTIVITY 

Risk Assessments identified 
a) to be hit/overrun by a passing train 
b) fire/smoke 
c) falls from working platforms 
d) dust 
e) heat 
as the main risks. 

 
With natural rock temperatures of often more 

than 30 degrees Celsius and quartz components in 
the in situ rock of 15% or higher, ventilation and 
cooling have become the critical success factors for 
the project’s feasibility. 

 
Intense process assessments and numerous work-

shops with the involved blue-collar workforce in situ 
proved that simple, fast and single action type meas-
ures are out of question, given the high-
sophisticated, extremely complex background of 
these latest state of the art production plants. In con-
trary and more often than not, substituting one risky 
item just lead to a new, formerly unknown hazard. 



 
Figure 13. Worm, from Locomotive Driver’s Perspective 
 

 
 
(Picture by author) 

 
 
Therefore a different approach had to be devel-

oped. 
By focusing on process improvement first, safety 

came in almost by itself. Only a stable process has 
the potential to become a productive process. And 
only a productive process can provide the required 
safety and health on a sustainable basis. 

 
An interdisciplinary team of quality, process and 

safety and health engineers are developing sustain-
able solutions, increasing the project’s performance 
and through this safety and health conditions are im-
proved simultaneously. 

 
 

13 CONCLUSIONS – LESSONS LEARNT 

Putting risk management into action provides 
owners, engineers and contractors with real added 
value in successfully pursuing their goals: 
• Identify all known hazards graphically on a one-

page-sheet early on. 
• Allocate limited resources for Risk Assessments 

where inevitable. 
• Mitigate your risks systematically by a Safety 

System leading up to System Safety. 
• Add value to the owner’s project by minimizing 

costs, time and third party impacts. 
• Provide evidence of legal compliance. 

 
In order to successfully apply risk management a 

multi-folded approach is recommended by the au-
thor (m+m/am): 
1. Study, document and understand your processes 

in all their complexity. 
2. Start with a Preliminary Hazard Analysis. 
3. Apply full and thorough risk assessments for 

hazards with a high harm potential and where no 
well-known and widely accepted rules are avail-
able (hazards in Risk-Zone 1). 

4. Establish, implement, deploy, maintain and 
document a Safety System leading up to System 
Safety to mitigate all your risks. 

5. Improve the performance of your processes thus 
enhancing safety and health at the same time. 
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Figure 14. Alptransit Gotthard AG (ATG) 
 

 
(Courtesy of ATG) 

 
 

Figure 15. Consorzio (Joint venture) TAT, TUNNEL ALP-
TRANSIT TICINO. Bodio Lot 554 / Faido Lot 452 
 

 
 
(Courtesy of TAT) 

 
 

Figure 16. Herrenknecht AG 
 

 
 
(Courtesy of Herrenknecht) 

 
 

Figure 17. ROWA Tunnelling Logistics AG 
 

 
 
(Courtesy of rowa) 

 
 
Last but not least, my thanks goes to Mrs. S. 

Tschupp for her always very competent support in 
improving my use of the English language. 

 
Without their big help this document would not 

have been possible. 
 
The biggest thanks goes to all crews on site, 

safely coping with the unforeseeable as their daily 
routine. Every day they move into places where no 
human being has ever been before. Always just one 
small step for a man, but a giant leap for mankind ... 

 
The author’s apologies go to the readers for any 

inconvenience dealing with small print, reduced ta-
bles and pictures. 

 
An update of the paper can be offered through our 

presentation at the AUA Conference. 
 
The original paper will be available for download 

on http://www.moergeli.com/dldocuebersichte.htm 
after the AUA North American Tunneling 2006 
Conference, June 10 – 15, Palmer House Hilton, 
Chicago, IL-USA. 
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