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NOTE: This is a direct translation from the French report, as close as possible in content
and meaning to the original document. (It should be noted that this translation retains the
use of mixed verb tenses found in the original.) If you have any questions, please call me at
617-946-3050 or e-mail me at sergiu@aol.com.

Sergiu F, Luchian, P.E.

CA/T, Boston, MA
February 11, 2004

(Minister of the Interior, Ministry of Equipment, Transportation and Housing - 30 June
1999)

TASK FORCE FOR TECHNICAL INVESTIGATION
FVTTUVEBEMRAVTD1999 43 A 24 B D kK
OF THE 24 MARCH 1999 FIRE
CET o RITAERINZRS
IN THE MONT BLANC VEHICULAR TUNNEL

Report of 30 June 1999
1999 45 6 A 30 B DWEE

Minister of the Interior

Ministry of Equipment, Transportation and Housing
Inspector General of the Administration

Board of Bridges and Highways

Report of the Task Force for Technical Investigation of the 24 March 1999 Fire in the Mont
Blanc Vehicular Tunnel presented by:

Mr. Pierre Duffé, Inspector General, and Mr. Michel Marec, State Engineer of Bridges and
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with the collaboration of:

Mr. Mathias Pestre-Mazieres, Administration Inspector, and Mr. Frangois Barthélemy, Chief
Engineer of Mines, Colonel Gérard Gilardo, Chief Inspector of Defense and Civil Safety, Mr.
Jacques Demoulin, Board of Bridges and Highways, Lieutenant Colonel Jean Michel Vergnault,
Defense and Civil Safety, and Mr. Didier Lacroix, Chief Engineer of Bridges and Highways.
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INTRODUCTION

After the 24 March 1999 Mont Blanc tunnel fire catastrophe, the Minister of the Interior and the
Minister of Equipment, Transportation and Housing assigned a technical investigation to Mr.
Pierre Duffé, Inspector General of the Administration, and to Mr. Michel Marec, State Engineer
of Bridges and Highways.

Their written orders (attached) were to investigate and determine the reasons why this tragedy
reached such a magnitude, to examine the tunnel safety systems and their functionality, and to
present proposals to enhance the operational safety of vehicular tunnels of this kind.

The technical investigation task force includes:

- Mr. Pierre Duffé, Inspector General, and Mr. Mathias Pestre-Mazieres, Inspector of the
Administration, assisted by Colonel Gilardo and Lieutenant Colonel Vergnault, for the
Ministry of the Interior (DDSC);

- Mr. Michel Marec, State Engineer of Bridges and Highways, assisted by Mr. Frangois
Barthélemy, Chief Engineer of Mines, Mr. Jacques Demoulin, Board of Bridges and
Highways, and Mr. Didier Lacroix, Chief Engineer of Bridges and Highways, for the
Ministry of Equipment, Transportation and Housing.

The task force was supported by additional experts as necessary.

A status report was submitted on 13 April 1999. Its goal was to present as rapidly as possible

information on the circumstances and causes of the catastrophe. The very brief period in

which it was prepared (two and a half weeks) did not always permit performing all the
necessary verifications and in-depth research. Nevertheless, this report revealed the basic

circumstances of the catastrophe. We repeat them here:

- the speed and magnitude of the fire development in the first truck, which caused the fire, and
its spreading to other vehicles;

- the smoke extraction limitations of the tunnel ventilation;
- the manner in which the ventilation was activated.

In addition, other circumstances were exposed:
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- the insufficient coordination between the two companies;
- the inadequacy or poor functioning of certain equipment.

This report clarifies all of the above, while providing in-depth information on the circumstances
of the accident.

The authors have attempted to rank the various causes leading to the magnitude of the
catastrophe.  In-depth studies will be necessary to recreate as much as possible the
development of the fire and define the role of each of the factors leading to it, particularly the
ventilation.

Proposals for restoring service in the Mont Blanc Tunnel, in accordance with the most modern
tunnel safety requirements, and the lessons learned for other tunnels in terms of equipment,
operation and organization of rescue forces, are the subjects of the joint report developed with
the Italian administrative task force.

This report is attached to the joint report.

Chapter 1 describes the tunnel. Chapter 2 describes the legal background and its evolution, as
well as the role of the common administrative organization and the intergovernmental control
commission. The development of events and particularly the rescue operations are the subject
of Chapter 3. Chapter 4 analyzes the causes of the catastrophe. Chapter 5 consists of a
conclusion. The recommendations of the task force, together with those of the Italian task
force, are included in the joint report.

1. MONT BLANC TUNNEL - DESCRIPTION
EVTSURNURNAVDOEBER
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The tunnel was built jointly by France and Italy and opened in 1965. Itis 11,600 m
long. The longest

RARNVIZT T RELZY T THRLTER SN, 1965 FEICBE Lz, & &% 11,600
m,

part is on French territory: 7,640 m, with 3,960 m in Italy. Two operating entities
were created, the

BLbRVWEZDIIZ7IVADOELTT7640m, 1 ¥ YT Tix3,90m THD, 2 2DFEE
AR A

STMB (Société du Tunnel du Mont Blanc) in France, which became ATMB (Autoroute
et Tunnel du

2K b, 77 AHIX STMB # (%D ATMB#). 4 # VY 7l SITMB #&2x h %
h

Mont Blanc), and SITMB (Societa Italiana del Traforo di Monte Bianco) in Italy, each
operating half of

FARNVDEZFTOREY LT,

the tunnel.

1.1 Tunnel Geometry
b RN DFIR

70



Connecting, in the direction France-Italy, the Chamonix Valley with the Val D'Aoste,
located at

T7IVA=AZYTHERIZVYyE=— (77 VAMOAY O Tk 1,274 m) &

elevations 1,274 m (French portal) and 1,381 m (Ttalian portal), at the top of a severe
slope (up to 7%)

THERAEZ (AFZYVTHOAD O THK 1,381 m) 2T, BEOKLVWAR (& T
7%) A3

about 4 km long on the French side, the tunnel has a 7 m wide highway with two 0.8
m walkways on the

77 AT 4km H B, TS T M URNMZ, HEEREN Tm T, @A 0.8m D
I N

sides; every 300 m there are vehicle rest areas, 3.15 m wide by 30 m long, situated on
alternating sides of

$H5;300m TEICHEEN DD, THIX3.15m DL, 30mDEEINHY

the highway and numbered from 1 to 36 in the France-Italy direction; opposite each
area there is a

HEOYHA FICEWBWIMNEL, 793V A4 2V T HHAIC 1~36 LEEMFITONT
W3 ;

designated U-turn for trucks. Every other rest area has a safe refuge area (also
called shelter) for people,

ERENOEEHFORMMUIZIX, FT v 70bDUF—VBEFRHDZ, BVOLETD

supplied with fresh air and protected by an enclosure with a two-hour fire rating.
Safety niches every

EHEHFICIIABRABER (23 vanVF—LRiThs) Bb0, FRELKEZEQL.

100 m contain a fire pullbox and two fire extinguishers. Fire niches every 150 m
provide water supply

2 RHAATTFONTNS, 100m ZERHBEA 7T 4Ry 7 ATITEBERER L

for firefighters; they are across from the rest areas and are equipped with telephones
and pullboxes.

HASR 2 EXBHD, 150m TLICHPBLTRHORAR®ESS ; ThALIIEHEFOMmZ 5 |

A

HY, BELEHEREEBLIEMEL TS,

1.2 Ventilation
BK

The ventilation had been designed, at the outset, to be identical for the two halves of the tunnel,
starting at

UL, M—BTZHENE R IAVDOERBROAYANOG L7 FEBDT, EEOD
T%

each of the portals, with ducts underneath the roadway. Four supply air ducts, numbered from
1 to 4, start

BLTHIF U RAVHERETHIICT A Eahk, ZKE2H#ET S5 27 i Nol~4
D47

from each portal and each services a quarter (1,450 m) of the half length of the tunnel by
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ventilation slots

THY, ZOF7 FEZEREROAYVANLHEY, ZHENE M XALD 14 TOD
RaIZ

located every 10 m at the bottom of the lateral wall in the Italy-France direction. Each duct
can supply 75

ERXZLTWS, TELTC. AZ2 Y7753V AFAOME I0omBBTHREKOMEH B,
m®/s of fresh air, which corresponds to a maximum flow of 300 m?®/s at each portal, and 600
m?®/s total. A

4EDF 7 FENERR 15 mYs DARERBRTHI LR TE, TRENOAY OTHEK
fifth duct was originally built to exhaust air polluted by traffic. In principle, it is capable of
removing 150

300 m*/s DIWAITHE LT, P RAVEROABHT 600 m¥/s 225, KA LT, BH
o

m>/s from each half of the tunnel by exhaust openings located in the ceiling at the level of the
rest areas,
RAOBRIZHHFERAILL-T, ZHEh by RAERETADD 150 m¥/s T 2HER
T& 5,

i.e., every 300 meters, in the France to Italy direction. It should be noted that, originally, the
extraction of

¥le, 77V A4 2V 7 HFRIICHERKDIR 300mILithHhd, TOBRIVAT LG E
b &

fire smoke was not a design criterion for the ventilation system.

KEOBEZIHTALIOICERTFAS vy EhTWAWNWZI LICERTRET,

In 1979, modifications were made to the exhaust at each portal in order to use the exhaust ducts
for

1979 F£iZ, KBITXHZARKBER (FHiC. VT v 7)) REASH T, ARKELEMTHET
%

additional supply when air pollution by traffic (especially trucks) justifies it. This way a total
of

TEHIHR Y7 VR ERTHZLIIRY  EAFTROAY ATHE Y 7 FBEBEESIE,
300+150= 450 m*/s can be supplied starting from each portal, or 900 m?3/s of fresh air in the
entire tunnel.

300+150=450 m%/s L2 5 ZDFET, TRERDAY OILLGAKEHRGE LIED, Frx
P37

The exhaust is then completely removed through the portals.

TIX 900 m*/s DAREZ|BRTEDZ LI TR, TLNRDLZOHKF 7 MIAVARD
FEEIZ

BY RN,

In 1980, in the half operated by the French, motorization allowed the exhaust of any of the one-,
two- or

1980 i, 7TV AM PV RNV EFITEEEZTV. IARESTHR U RV EFDIBD
three-thirds of the half length. On the Italian side, individual motors were installed in 1997 at
each

72



13~1 DBEIBHIREND LI LR, 1V THTYH, 1997 FiICELEThOHKER
T
exhaust opening. These motors allow exhaust from two, three or four openings.

BEAMOE—F—% WAL, ThLDE—F—j32~4 DRMLEEHEN B,

In 1981-1982, an old service tunnel used during construction and situated in the main tunnel
axis, with the

1981-1982 {2, WY —ERX P RNVTBRYMPCEE M XLOPLEEED S
DIz

connection to the main tunnel located 110 m from the French portal, was modified to exhaust
with a

Ebhic, TOEXEBE I FAVDOT7 SV A[UOAY NS 1I0mDMET, P RXAFATE
N

maximum flow of 450 m*/s, which was the total exhaust previously coming out of the portal.
This was to

DB oTe, BELT, AR RVOAY AN LHEHENZEE 450 m¥/s OHER % .
mitigate air pollution on the French side and permit better control of the air flow in the tunnel.
IOEWVWRYAVDLOHHEND LIIBEShE, ZhiIZLoT, 77V AROKRK
BRPBEIRY, PUYRAVADOELKOTHIARI Y Koo,

1.3.  Smoke Extraction Capacities

SELEREN

In each of the two tunnel halves, smoke caused by a fire is extracted by reversible duct no. 5
under the

THENTE PRV ENRERICZBNT, KRICLAFIERTONYVBRLTERS I b
No5

roadway. The direction of the air flow in these ducts can be reversed to permit the extraction
of smoke in

KEoTHHEND, ZThbDF 7 FoBROBAOFRIE, KKICXSEE2HEHTS
Te®IT

case of fire (approximately 150 m?>/s for each tunnel half). It has been seen above that the
operator can

WHEFIZTHILERHRD (ZHENEERERD P RNMITBNTEE LE 150 mYs),
remotely control the activation of all or some of the exhaust openings:

ARV —F —ZE2TOHERLV 20K DL ERBETEDI LI TVS,

In the French half of the tunnel, there are three exhaust sections and it is possible to concentrate
the

ZHRENE PRV DT T UAATIE, 3 OOHEKEIVarBHY, TAHDIB 1
~3E%

extraction on any one, two or three of them; in the Italian half of the tunnel, it is possible to
concentrate

BPhEIEBIIENTEDZ ; A X YTHTIR. K2V TOF T2~ HOHKNZEF X
'35
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the extraction on two to four openings in the smoke area.
ZERTED,

However, the utilization of these possibilities greatly varies the extraction flow actually
available.

LrL, ThoDOFEEOFIAIX, RECHMATEIHROMNEHEEICKRELSERE
D,

According to various flow measurements in the past, the smoke extraction capacities are the
following:

BEDORL RBENOREICLD L, SHEERAIUTOLEY TH B,

these values are significantly lower than those measured at the head of duct no. 5 during the
startup

P RNV2EITBT BTV THREDEBIZIZLHMOT X TR, ZhboRA
i fE 1

testing of the original installation, with extraction over the entire length: 179 m’/s on the
French side and

F27 FNoS DBERCHESNEHFEEALVIZ-&EVEY : 77 XA TiX 179 m¥/s.
224 m®/s on the Italian side.

44 Y 7RTIX 224 m’/s

In France, this is due partially to the fact that the exhaust fans are not being used at full
capacity 4/4, but
ZI7VRAEBNTINIZ, K7 7V OBRBEAD 5B 3/4 LIAEDPATHRNE NS
at level 3/4 only; it was indicated that this is due to the risk of fan vibrations.

R+SRBEREICLS , FR 77 VOEBICI3ERVEBHEINEENLTH B,

In France and Italy, the dampers installed for smoke control are without a doubt leaking air. It
is also

T3V AEAZYT T, BEE2RAHTHIEDICEAIRETS VRA—NbBRIBRBID Z
s

possible that there are other leaks within the ducts and the tunnel.

MgV, 7 FE FURAVANTRBOBHOTESED H 5,

Given the margin of tolerance due to test conditions and the accuracy of the instrumentation
used for the
TAMNEOBFRBERALEITAMNTCHEDLNEBREOEREINEALNAD L, WTFhhD
different tests, it can be stated that, according to where the extraction is concentrated, the flow
actually

HKDERIZE 2T, 27 P NoS B MU RAVESGHLERIZIRD BRLLERBIZIUTOE
1%

removed by duct no. 5 from half of the tunnel may vary between these maximum limits:
THDHLEIENTED,
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- from about 15 m*/s with only one active opening on the Italian side,

AFZYVTRTHESRD 1 2T BBET I8 15m’%s 15

- to 100-135 m®/s when all duct openings are active on the French or the Italian side.
7R ZIVTRT, £TOF7 FEKOVBBBI L & & D 100~150 m*/s £ T

Narrowing down to a one-kilometer of extraction, the ventilation capacity varies within these
limits:

R Z 1 kmiCRELLL &, BREENIUTOHBATED S :

- in France, from 17 m%/s/km (conservative flow assumption for removal over three thirds) to
77 VAT 1T s/km B33 IZHER =V T2 ETH L 202 B E) ~44 m¥/s/km
44 m’/s/km (optimistic flow assumption for removal over one third),

(IBIHR= VT 2RO L 2OREHLE)

- in Italy, from 22 m*/s/km (measured in 1998 over the entire length of duct no. 5) to 57 m%/s
per 900 m
A% Y 7 T2, 22 m%/s/km (1998 £EiZ 4 2 b No5 £ THIE & &) ~57 m¥/s per 900
m

(activation of the first three openings).
(HLHD 30D DEEH)

It is interesting to compare the smoke extraction capacity of the Mont Blanc Tunnel with those
of

BT TP RNVOHEREA L. REECEBINZHEZOHKRY TOM & g
)

regulations or recommendations published after the initial opening of the tunnel. This is the
subject of the

ZEREREY, ZThIKD3IODNRFT I I TCOEETH B,

following three paragraphs.

1.3.1. Smoke Removal Requirements in French Bulletin No. 81.109 of 29 December 1981 on
Vehicular
1981 12 A 29 ARCRRINLEEBE PN XNVOLRLX2OEDOHERMBICHET S
Tunnel Safety
77V ADRR

The 29 December 1981 bulletin, still current at the time of the fire, doesn't exactly apply to the
Mont
1981 F 12 A 29 BOARTOENRIT, SEOAKKDOBETEZR, TV T TV P RVICHE
i
Blanc Tunnel. Signed 16 years after the commissioning of the tunnel, it applies only to new

vehicular
BRENLTWRW, BV TV M RN BERENTE LT I6ERICEBENT-Z LD
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T.

tunnel construction projects in the French national network, especially those in non-urban areas
and of

77V AERDORYy PV—ZOHLVWEBHE XA BRIEICLIAEAISATHARY,
more than 1,000 m in length. However, it is recommended to apply the requirements of this
bulletin to

i, BEDOHLDL 100m U LDREDLDEIFTTHSD, LAL, b LIGEREMN
older tunnels, if at all possible, especially if this becomes necessary due to changing traffic
conditions.

EbHI Lo TIDEERLEBILRDRD, HV P/ RAVICHLTEIRIFTZOMLE
W&

Incidentally, it does not apply directly to binational tunnels.
BRTDIIOBMODOATND, DNTRMEL, 2 200FEFE LD M RN
EEBATERY,

The bulletin sets forth the following requirements (article 3.1 - Ventilation):
DB TRIRD 4 SDOLEFEFREZRL TV D,

"The case of a tunnel fire must be studied and the following practical measures must be taken:

PYRNVKRKDr—RZHEL, KOZRAWRERLE L ORThiITRbRN,

Dimensioning of the mechanical ventilation:

BRABRKOEH

- semi-transverse or transverse ventilation (Mont Blanc Tunnel): provide an exhaust of 80
m®/s/km

EEBMAELIIMEAERBK (£ TTF bR PURAMTIERH22O0OFKT

for a two-way tunnel; the possibility of concentrating this removal in the immediate fire area
must be

80 m¥/s/km LN TE S ; kKT YT 2L LICETHLTED LI IRHFELRIT
iz

studied.

B RV,

Ventilation levels:

BE LNV

The levels to be used during fires will be studied case by case by a special commission made up
of
AKPIERAINREBRE VAV, LREZESL NV IAVT AL 2y F -2 REES
i)

representatives of the contractor, the Tunnel Design Center and the local directorate of Civil
Defense. All

BESORRICEI - THRINZIBHIEZEBRITEI T, ——HREZINDIES S,

measures shall be taken as regards both structure and equipment to avoid the total destruction
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of
2TOEHET, BELRBEOFAHF B TAKPOAEEBOLBEBITA LI+ R
&7,

ventilation during a fire."

In the Mont Blanc case, the initial actual extraction flow, of 179 m*/s (French side) or of 224
m>/s (Italian

BT TR RNVDOEGE, 77V AR 179mYs TA4 Z U 7 RlIX 224 m¥/s &\ 5 KA
D

side), gave only an average range of 31 to 39 m*/s/km, this being at the time weaker at the
portals (about

REOHIEIZ, EDLE U RXAVDOHL~ALIHIZOThOBMZ LY 31~39
m’*/s/km

8 m*/s/km) than in the center of the tunnel (around 45 m*/s/km) due to an increasing exhaust
flow toward

DEHOWHE L g o, THIX MY RAORLAIERN 45 m*/s/km 22D 2% L TH# D
E54%

the middle of the tunnel. It has been shown that the average extraction flow over an entire half
tunnel

# 8 mYs/km Fhr o, PURAMENDLROTHETEIX 17~22mYs L EATWVS,
length is from 17 to 22 m*/s. On the French side, if the flow is at its highest, it will result at
best in 44

Z7I3VARTYH LEREBBERICR 2L LTH, €V EV M4 mYs/km 259, Zhid
m’/s/km, which is about half of the value required by the 1981 bulletin. On the Italian side,
removing

181 FORXBTOEETERINDIEOMHMER THD, A # Y TRHTIE 3 >OHKAH»
b

through three openings achieves from 47 to 57 m’/s over 900 m, which is still significantly
lower than the

47~57ms (900 m B T) R TES, TLTTNRAREHED 80 m¥/s/km I £RK
7z,

80 m*/s/km of the bulletin.

The reasons cited for not increasing these ventilation capacities after the tunnel commissioning
include

FrRNVERS%, REENEZHMTERPoHBEE LT, M RIVPRT 1600m DD
Jp)

the thickness of the tunnel's rock cover (over 1,600 m at the center) which would have made
drilling

EROEENRHD, TEODBEAEOFHEICREHITHZEBFRAETH o,

intermediate ventilation galleries impossible.
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It is appropriate to point out that this bulletin, applicable to new projects, is currently being
revised (see
FLOHEIERTES LS5, ZOABBBRERESATHS (UTD 1.33.28R)
1.3.3. below).

TLEHREWMTE B,

1.3.2. Recommendations of the Committee of Vehicular Tunnels of the World Highways
Association (PIARC)
HEAETEEBE F O XAVEREZRER0EE

On the international level, one single technical association works on the operation and safety of
vehicular

ERARVARLVTIE, H2 1 2OBRFHBREBHEN XVOEBELRL2OLDITH
THY,

tunnels and makes recommendations on this subject. This is the World Highways Association
(formerly

COHBHOEEEE-TVWS, TOMBRIHRTEERER (LA, FTREREERSE
2¢

called Permanent International Association of Roadways Congress, which explains the initials
PIARC),

FEidh, BRXF% & > TPIARC) ThY ., LV ERICEZOHGOBEHE N XNVER
£,

and more precisely, its Committee of Vehicular Tunnels.

The recommendations of PIARC are generally established during the Roadway World
Congresses held
4ETLCRAPNIERERSBSB T, PIARCOBEEXLEVIZERELTWS,

every four years. They don't actually provide an extraction flow but give the necessary
guidelines to
BORRBRIZHRETH DI TIERL, TAERETIDICLERIA FFA v

define it.

52 T3,

The report of the Committee of Vehicular Tunnels at the 1987 Brussels Congress indicates the
thermal

1987 EiZ7 Y a vy ENVTITONEEHE N XNVNFBLOBE T AAOERSAAZXR b
Tv7

power and the smoke volume from personal vehicle, bus, truck, or gasoline spill fires and
presents

POoDAV YU RIENTRETHIARETORBRELEORIZEEZMITTNT,
ventilation configurations allowing control of smoke propagation within certain limits. For
example, a

HOWENTOEDOREELZ IV P — AV THRERBOEEBELERREL T35, HIXIX,

smoke flow of 50 m%/s would require an exhaust of 80m®/s/km of tunnel so that the length of
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propagation
50 m¥s DIEOFHHIZH LT, REREBD P XAATEDOEIES 600m LA
at stable levels would be limited to 600 m.

FIRR B 7= iziX. 80m%/s/km DHELENLETH B,

The report for the 1995 Marrakech Congress gives operational procedures during fires but does
not

1995 EFD= T y ARBOBRETIE, FRECRVBLOTIERL,, kKB OMLEESL
address exhaust dimensioning.

5EzTw3,

The report for the last Congress which took place in Montreal in 1995 complements the
Brussels

1995 F£IZT Y b Y A=V THMNICREDO KRB O R E T, Eureka 499 "Firetun" HE D
Congress information, by using the results of the Eureka 499 "Firetun" project, but only shows
the

BREZESI L LTIV 2 v EVRBTOBRBEHR LTS, L L, Thi
methods of studying smoke removal, the principles of ventilation, or examines the importance
of fire

HEORELBRIOBUOHAFTEEZRL, AKKBHLBEAXVATLAOEENK%

detection and extinguishing systems. Fire probabilities and their analysis are given, but no
flow

AELTVWDIETTHD, AKOTEMLEZOHTZERTVEH, EOKMERIbID
2,

dimensioning is provided.

A report titled Control of Fires and Smoke in Vehicular Tunnels, issued before the 24 March
1999 fire,

199943 A 24 BOKKUBIC TEBHE N RAVNTOKRK LEORE L VS AT
)]

has just been published. It contains general recommendations on the use of transverse and
semi-

BEEXRL L O YHRENT WS, T2 TRIEFM L EB/BERESFRK (7T PR
VD

transverse ventilation systems (as in the case of the Mont Blanc Tunnel), but it does not give
flow

£972) ODERIZOVWTO—REREEEZHR > TVIN, HWEHEICOVTEE->TW
AN

dimensioning values. It indicates that the extraction value of 80 m>/s is too low for a fire in a
truck not

80m’/s DHKBTIX. BRABTHEEA TRV I T v 7 ARIZEZRVRNVENS T
L&

carrying hazardous cargo, but there is no consensus on recommending another value.

BRLTWS, LML, ThithoHBEHEL KL TWAERTIZRW,
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1.3.3. Regulations in Proposed New French Bulletin Currently in Preparation

BE7FVATEBTIOFLVWARTRESh 2 EH

The previously referenced bulletin of 29 December 1981 is currently under revision and a draft
has been

URNCBEIZ L 1981 4 12 A 29 BOARIL, BEBERTHY . £ OERHIX 1999
£38

proposed (before the 24 March 1999 fire). This gives more accurate and complete
recommendations than

24 BOKKUBICTRBENTWVWD, T TCRICRFETIRXLVEAENT, FLh
BEx

the existing text. For a tunnel like the Mont Blanc, the following requirements must be
satisfied, based on

EZTWS, BT I7300E3 R MU RATHR, BBE MW TRER 80 m/s KER
T35

a design fire for a truck developing a thermal power of 30 MW and generating 80 m?/s of
smoke:

Py 7 KRIERHIETHDICUTOLBEREBE SRITHIZRLZW,

"- The goals are to maintain to the best ability the natural smoke stratification at the higher part
of the
ERMECOENVWREZOBLTFLEDIC, FRLVOBWMETCHRICENFIC
%3
tunnel to preserve a layer of clean air near the pavement, and to extract the fire smoke by a
system of
L) RBEBOENEHFET I L L, RAMGEOHK VAT ALK > TEEHHTS
Zen
removal at the ceiling level. The exhaust of design fire smoke must be obtained over a
length of 600 m
BETHZ, FHWITRND PRV TH 600m ORI ICES>THELRThIEROR
VY,
for non-urban tunnels.

- These goals are made more difficult by the longitudinal air flow that has to be controlled in
such a way

FARNVDERTERBRICRDEICHEL, Z<OENY 2#FLRZTAIE

that the smoke stratification in the high area of the tunnel be maintained to the greatest extent
possible.

BROBSBRDIMAETIZE > TINOLOBEBRIRIIVELI o TS,

To this effect, in the fire area the longitudinal air flow speed must be reduced as much as
possible. In

IOMMEKDEBEDOIDIZ, TERETEOREREZEL SRTNITRLR,

bidirectional tunnels of more than 3,000 m, the ventilation system has to be able to limit the
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average
3000m LEDRGMD b RATIE, KERWOEDICHFEICEIBELDO N LR
speed of longitudinal air flow to 1.5 m/s across the section of the tunnmel, even during
reasonably
THOIM TS X, BEBRWIC LIS TPV RXAVADE Y Va2 BB TEHRBELD
adverse meteorological conditions.

EHEEEZ 1.5m/s ETIHIRTERITRITRO R,

- In areas where there may be motorists, it is required to provide a certain amount of fresh air

BBEFRVDINbLARVWER T, H24HBOFREK LB TEILERDHS
(longitudinally from tunnel areas with smoke or transversely through fresh air registers).

However,

(EZHED FRNVOFHA TR, $LXRREELE LK. LrL,
maintaining the natural smoke stratification, where present, implies not moving fresh air to
the ceiling
BORBZERTIZ LRXAMEOFHFBEI L LRI IL, EVIEBEOM
BED
and providing fresh air at the bottom of lateral walls at low levels.

ECHRESEZRBTIZLNLETH B,

- When the tunnel has a permanent surveillance system, it is recommended to extract the
smoke through
FRVBEROERIV AT LEFoTVHLE, XADFERANOERRRIEICLY

remotely controlled ceiling openings. This system is the most efficient, if correctly used, as
it permits

BRIl BHoNTVS, bLERICEXLZL, KRMAMEOETHR %

concentration of the exhaust near the fire site. The openings are spaced at a maximum of

100 m in the
TODIRZDYRAT DIBETH B, MHETIZR W PR ATk, BRAOIZXHKEX 100m

non-urban tunnels. In all tunnels longer than 3,000 m, this requirement is mandatory.

FRTE<.300m U LOLTO M RANTIH . ZOEREH T LEIBETH S,

- The exhaust flow has to be greater than the smoke flow to account for the additional volume
of fresh
R EIX., RN BE CHHEKENEEMAEEORLIVELL RITRIERLR N,
air at the level of removal. An increase of one third will be used for ceiling openings. For
the design
WO 173 3RFBEDTEDLIDES S kKRB ER 80 m¥/s IZERT 5) Ti,
fire (which develops 80 m?/s of smoke), this results in a minimal exhaust capacity of 110
m?®s. This
INRER/NEKEN 110 mY/s KRBT 25, ZHhIXBHE TRV P RATIR
will be distributed over a maximum of 60 m of non-urban tunnel. Openings that are not
located in the
BKX6OmIZH VYU THNDEA), MELHMOELE T2, RHFIIAMEL2VER
A TiX,
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ceiling, but laterally at the top of side walls, are less efficient and are not allowed unless the
removal

BRBORL FETFTV VTR ESVEHRNRZBIIC L 0, +2 2K EEH DR 722
WER Y

capacity is increased significantly with specific justification based on modeling."

|,

This draft document is therefore much more precise and more stringent on several subjects than
the 1981

Thwzx, TOERIT 18I FOLBLIIVK ONOHEBIZLETHLERTEULY,
bulletin; although it doesn't yet have regulatory status, it is well known by the experts. The
main

ENLRELERAMETEIRETRERZNTAE S, BRI IS DA TWS,
differences between the recommendations in this document and the systems in the Mont Blanc
Tunnel '
CDEROBGELEL TV P FNOEBOBTOERE WL

are:

- the smoke extraction capacity, already discussed:

TTICER Lo gERRES ¢

- on the French side, it doesn't go up to 110 m>*/s but to 85 m?/s, and it covers 2,000 m as

opposed to
77 VAT, 110m/s IZESNTWiL, 85m¥s KIFTh b, #L T,

600 m,
600m {Z x5 L T 2000m ZH -~ TV 3,

- on the Italian side, it exhausts either 85 m?/s over 1,200 m, or 35 m?/s over 600 m.
A% Y 7RTiX, 1200m T 85 m*/s », 600m T 35m%s DWW FhMHTHKL TW3B,

- control of the longitudinal air flow in the fire area, which was never studied (although it
seems it must
KRR TOMAOMBIZ, EXEHRESh TR ok (38 24 BOKKORERT
X
have been lower than 1.5 m/s at the outset of the 24 March fire);
1L5m/s KOV EPoIZBENZVEIETRED)

- the supply of fresh air at the bottom of the lateral walls, required by the Mont Blanc Tunnel
operating
BMEOETOFRHMER OB AKOBGERIBERLANVIZTEEVYTTV PRV
D
procedures to be put at maximum levels in case of fire, whereas the proposed draft document

and

BRAODORERBECH o, ER—F T, BRSNEERLEVHEOET TR
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widespread practice recommend a very low level.
ETHENLAREDLATN S,

1.4.  Tunnel Operating Procedures

M RNVBIED FEIE

The requirements pertaining to fire ventilation levels are defined by the safety procedures
included in the

S5ODHEIRM@TOLERMEIT, AHTHBORERAUZEOCEL2EGEFEICL-T
operating regulations common to both companies.

EEINTN3S,

For fresh air, they evolved over the years.

FEEKICBEL TR, T0RMIIELRBRLL,

The regulation of 29 March 1967 required that fresh air supply be completely cut throughout
the tunnel

1967 £ 3 B 29 BORFTIE, kKPO P XVATOFHEL OB ETELICLED D
LI

during a fire.

R 7,

The regulation of 14 September 1969 had the same requirements.

19694£9 B 14 HORKBITHLRI LERE -7z,

Then smoke removal tests were performed on 5 October 1972 with a fresh air supply at level
1/2, or half

ENN6 1972 10 A 5 BICHRT R FRFRHEROBHE LN 12, LI EORK
BEAD

of its maximum capacity.

EaTITbhI,

The regulation of 1 February 1974 directed that the fresh air supply be at the maximum during a
fire.

1974 2 B 1HORBI TR AKRPRIF/HEKEBRRVARANVTHBT B L CHETRLE,

The last regulation, of 23 May 1985, repeats the same requirement.

198543 A 23 HORFOBRHTIE, AILERZHRVEL &,

Over the years, the trend has been to increase the fresh air flow. This is to allow the motorists
closer to

FEr FHREKOBIMMOBEEMRD S, ThiZBEB LT 10m JE BT EROIIC
L9

the fire area to breathe fresh air supplied by openings located every 10 m at roadway level.

i S NEFEERE, kK YV TIGEVWEBEFESRXDIZLEZLDT,
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But this fresh air feeds the fire and heats the air in the tunnel if it comes at high speed and in

great
LALBLIOFHEIHNBEVEELEZS DBRTELNTE DL, PURARNIT kKL
quantity.

BEZHEBTEIZ LTS,

The operating procedure of 23 May 1985, applied to the Mont Blanc Tunnel, doesn't appear to
have been

198523 A 23 ADEVT TV P RNVMCER SN ERABEREN CHoL I T
22w,

appropriate.

As for the smoke extraction, the safety procedures of the Mont Blanc Tunnel never changed.
All

BEOHFHIZELT, EVTI7V P RNVOREBEEFERIR L TEDLLEP ok,
operating requirements issued directed that exhaust be set at the highest level.

2HAOCHEEONAEERIT, EKEBEBLAATTFILEWVI HDE ST,
1.5.  Traffic Rules for Moving and Halted Vehicles
1.5.1 Distance Between Vehicles

There are tunnel traffic rules included in the prefectoral ordinance of 31 January 1997, which
require a distance of 100 m between moving vehicles (and 200 m for hazardous cargo vehicles).
This rule aims to prevent chain-reaction accidents but does not protect stopped vehicles from
the risk of fire spreading nor does it protect motorists from smoke. At the beginning of the
tunnel operation there was a detection system for vehicles not keeping to the 100 m distance
with a signal alarm, but that system has been removed. From statements by the operating
companies, it was not obeyed and some drivers had fun triggering it; it caused maintenance
problems.

1.5.2. Speeds and Passing

The regulation sets both the maximum (80 km/h) and minimum (50km/h) speeds and prohibits
passing. Joint teams of French and Italian police were tasked to enforce these rules. The
operators repeatedly notified police of nonobservance of these rules.

1.5.3. Traffic Signals

There are traffic signals every 1,200 m in the tunnel (at rest areas 3, 7, 11, 15, etc.). They are
not located above the lanes, but on the sides; they are three-color signals. '

1.6.  Evolution of Traffic Since the Opening
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As shown on the following graphic, the increase of traffic has been constant since
commissioning of the tunnel on 19 July 1965. For tourist vehicles (passenger cars,
motorcycles, and tour buses), the numbers went from 548,000 in 1966 (the first full year of
tunnel operation) to 1,221,000 in 1998, or more than double (over 33 years, not a significant
increase). For trucks, the increase in traffic was much greater, since it went from 45,000 in
1966 to 777,000 in 1998: the truck traffic was multiplied by a factor of 17 in 33 years. In all,
this accounts for more than 45 million vehicles, of which a third were trucks, that had passed
through the tunnel by 31 December 1998. Moreover, the size of trucks has significantly
increased.

The following table shows the distribution of 1998 traffic by category and direction. It should
be noted that trucks represent 39% of the total, and tour buses 1.4%.

However, the significance of the preceding numbers must not be misinterpreted. If the Mont
Blanc traffic, especially the trucks, increased greatly, it still remained relatively low as an
absolute value. A traffic flow of 5,473 vehicles per day is much lower than a roadway of the
same capacity can take.

Actually, the capacity of a tunnel is set not only by its geometry but also by its equipment and
safety setup. The toll revenue generated by this traffic was 518 million francs in 1998.

1.7  Comparison with Similar Vehicular Tunnels

There are 14 vehicular tunnels of longer than 8,000 m currently in service in the world. Five
of these tunnels have two bores (three in Japan, one in Italy, one in Switzerland). Three others
have only one bore, but their traffic is very low (Norway and Japan). The remaining six
tunnels (including the Mont Blanc) have only one bore with two lanes and significant two-way
traffic, and their features are relatively similar.

A longer tunnel, with a single bore 24,500 m long, is currently being built in Norway between
Aurland and Laerdal.

In the following table, only the Mont Blanc and Fréjus tunnels cross national borders.

The other major border tunnels, especially the Karavanken (7,864 m long) between Austria and
Slovenia and the Grand-Saint-Bernard (5,828 m long) between Switzerland and Italy, are
shorter.

The Mont Blanc Tunnel is the oldest of all these preceding tunnels. Only Switzerland has
tunnels commissioned at around the same era but they are much shorter (San Bernadino with a
bore 6,600 m long opened in 1967, Grand-Saint-Bernard with a length of 5,828 m opened in
1964).

The table includes only toll mountain tunnels, except for the Saint-Gothard tunnel where the
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regular highway tax sticker is required. Only at the Mont Blanc and Fréjus tunnels are there
barriers at the entrance toll plazas.

1.7.1. Geometry

The pavement of these tunnels varies in width from 7 to 7.8 m, except in the Fréjus and
Gleinalm tunnels, where it is 9 m wide. The authorized vehicular width is 4.5 m, except in the
Saint-Gothard tunnel where it is 4 m.

The horizontal alignments include wide curves or sharper curves toward the ends.

The vertical profiles have a high point, except for the Fréjus tunnel, which is on a continuous
slope of 0.54%. The Mont Blanc Tunnel has a steeper slope (2.4%). Following it is the
Arlberg tunnel, with a slope of 1.67%, then the Saint-Gothard tunnel, with 1.4%.

1.7.2. Means of Evacuation and Protection of Motorists

Only the Saint-Gothard tunnel has a parallel safety tunnel, pressurized and with access from the
main tunnel every 250 m. The Mont Blanc and Fréjus tunnels are the only ones with
pressurized refuges. In the Saint-Gothard tunnel, the access galleries between the main and
the safety tunnels are built as refuges. The Austrian tunnels have no safety tunnel or
pressurized refuges.

Only in the Fréjus tunnel can the fresh air duct be used for access by rescue teams.

Only the tunnel of Gleinalm has no rest areas. In the other tunnels, a passage across from each
rest area allows truck U-turns (with difficulty).

1.7.3 Safety Equipment

From the equipment standpoint, these six tunnels are relatively similar. They all have safety
niches in their side walls. Because of the location of the fire standpipe, the fire niches are
only on one side, whether or not they are in the safety niches.

They all have interconnected electrical power at each end.

The tunnel lighting is carried on two distinct circuits in the Mont Blanc and Fréjus tunnels,
while it has only one circuit in the Swiss and Austrian tunnels. Only in the Arlberg tunnel is
there a continuous drainage system for roadway spills.

The ventilation system is transverse in all cases. The six tunnels, with the exception of the
Mont Blanc, have several intermediate ventilation rooms connected on one side with vertical
ducts and on the other with two ducts (supply and exhaust) in the tunnel ceiling. Because of
the thickness of its cover, the Mont Blanc Tunnel has only one ventilation room at each portal.
The numerous ventilation ducts are located under the roadway.
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The ventilation system in the Mont Blanc Tunnel has been modified to account for the increase
in traffic and to improve smoke removal. The French part of the Fréjus tunnel has recently
been equipped with remote-controlled exhaust openings. The other tunnels do not have
remote-controlled exhaust openings.

All the tunnels have traffic signals, an alarm network, CCTV, two-way radio, and a fire
detection system (except the Fréjus tunnel), managed from a unique command and control
center (PCC). The exception is the Mont Blanc Tunnel, which has two PCCs, one at each
portal, independent of each other. The Saint-Gothard tunnel also has a PCC at each end, but
they alternate every two weeks.

1.7.4 Hazardous Cargo

Hazardous cargo transit is regulated in the six tunnels. In the Mont Blanc Tunnel, it is allowed
only in limited quantities. In the Saint-Gothard tunnel, it is allowed in larger quantities. It is
the same in the Arlberg tunnel, which has either hour restrictions or mandatory escort. Just
recently, all authorized hazardous cargo in the Fréjus tunnel is required to have a double escort.
There do not seem to be any restrictions in the Plabutsch and Gleinalm tunnels.

1.7.5. Response Team

The Saint-Gothard tunnel has an around-the-clock firefighting team at each end of the tunnel
for the quickest possible response. After the severe 1997 truck fire, the team changed from
three to four firefighters. The additional person is especially responsible for the evacuation of
motorists from their cars to a safe area.

In the Fréjus tunnel, there is a first response team with a fire engine at each entrance; the
technical staff is made up of voluntary firefighters. They are trained to respond to any
incident inside the tunnel with the equipment provided by the safety chief.

In the Mont Blanc Tunnel, a team made up of a firefighter and volunteers is stationed atv the
French entrance and has specialized vehicles; it can be mobilized for response throughout the
tunnel (see chapter 2).

2. ORGANIZATION OF TUNNEL SAFETY
2.1.  Original Institutional Framework

The original framework sought to closely tie safety and operations through unified management
of the tunnel. The 14 March 1953 convention between France and Italy relating to the
construction and operation of a tunnel under Mont Blanc established the role of the toll
companies and of the governments in the operation and safety of the tunnel. Two
organizational levels were defined. On the one hand, the French and Italian toll companies
(article 7) were supposed to relinquish the common management of the tunnel to an operational
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branch. This French-Italian company would have had responsibility for ensuring global
consistency of the operation and therefore safety of the tunnel. On the other hand, a
French-Italian control commission (article 8), an intergovernmental body, received the mission
to control the operation, maintenance and preservation of the tunnel.

This framework was repeated and defined by the lease documents and contracts of 7 July 1959
that specified the safety obligations of both companies. Article 7 of the French lease
document returns to the principle of one French-Italian branch "for the operation on both the
French and Italian sides". A framework "to limit as much as possible the danger of a
vehicular fire in the tunnel" was requested of the companies (article 16 of the French contract).
Additional works to ensure a better operation of the tunnel or better safety could be proposed
by the government and the lessee (article 18). It was also requested of the lessee to establish
rules for the operation and "the functioning of the safety system both for appropriate ventilation
and firefighting measures".

2.2. Common Administrative Organization

The institutional organization based on a common operating company was never accomplished.
At the opening of the tunnel in 1965, a so-called temporary and flexible coordination
framework was established between the French and Italian companies. It endured to this day,
following several major modifications.

The pact of 23 March 1965 established (article 1) that the tunnel would temporarily be operated
by both toll companies working together, as the common branch was not yet set up.

To limit the effects of this institutional change departing from the principle of a unified
management, article 2 of the pact required that each company commit to taking all measures
necessary to operate the entire tunnel. A common administration committee was created to
replace the common branch. This committee was responsible for organizing the liaison
between the two companies and taking all measures necessary to operate the tunnel, “as a
branch company would have done". The collaboration agreement of 27 April 1966 between
the two companies specified, "pending the development of the statutes of the common operating
company", the operational framework of the common administration committee. A single
operations director, employed by either one of the two companies, was to be named by both
companies (article 6), although his authority was not clearly defined. Functionally, the
operations director would appear to act on the decisions of the common committee, although
actually appointed by the two companies.

The shortcomings of this compromise, acceptable for a temporary framework but crippling for
the long term, have had important consequences on the efficiency of tunnel management since
1966. Little by little, the operation moved toward two overlapping managements for the two
halves of the tunnel, without sufficient coordination. Thus, since 1968, a minor disagreement
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on the operation of the tunnel has been reflected in the works of the common committee. The
companies were debating over the hierarchical authority -- common committee or employing
company -- of the operations director. In 1972-1973, the committee decided, without
modifying the 1966 agreement, to substantially modify the principle and the organization chart
of the common management. Two operations directors, French and Italian, were placed at the
head of the common management. This two-headed organization repeated and reinforced the
uncertainties of the 1966 agreement, the two directors being appointed by the common
committee but "having decision powers given by the two companies”.

In 1979, the separation into two operating entities was finalized. By then, each of the two
companies had a full-time operations director specifically responsible for half of the tunnel.
This new reform did not, however, eliminate the need for a common operation. In February
1999, a new debate shook the common committee, with two opposing positions. For some, the
two directors should continue to report to the common committee while, for others, they should
both represent their companies and act according to their companies' instructions.

In this context, the capital improvements for safety, especially for ventilation, were planned and
implemented without coordination between the two companies. The common administration
committee saw its funding decision-making powers limited, or even opposed, by the two
companies, on their way to "take control". This was the case with the updating of the
ventilation openings, implemented in 1980 by the French company and in 1997 by the Italian
company, and for the tunnel safety service organization. Similarly, to date, the tunnel
operation and control appear only partially coordinated. = For example, at the

time of the accident, the ATMB operator was not fully aware of the status of the ventilation on
the Italian half, and vice versa. Aware of this shortcoming, in 1990 the companies started to
implement an upgrade program that they hoped would be coordinated. The common
committee supervised this program. This flexible approach to the coordination of capital
improvements initially started with lighting, wall finishes, and tunnel signals. The two
companies mutually informed each other of their progress and tried to coordinate it. An
additional step toward a strengthened coordination of safety capital improvements was made
starting in 1996 with the centralized technical management program, then in 1998 with the
automatic incident detection program. In these two projects, one company was designated as
leading the study and contract formation for the entire tunnel.

Finally, it should be noted that the coordination and consistency of capital improvements has
been set back seriously by different procedures of the two companies. These procedures,
particularly cumbersome for the Italian company, explain the major delays between the
deciding on and the implementation of the capital improvements.

2.3.  The Intergovernmental Control Commission

The French-Italian control commission, made up of representatives of the two governments, is
responsible for the control and supervision of tunnel safety, according to article 8 of the 1953
convention. The 1 March 1966 exchange of correspondence between the French and Italian
foreign ministers directed that the commission control the execution of additional works needed
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to improve the tunnel operation and to increase its safety.
However, the control commission appears to have met several obstacles in this mission.

First, the inexact definition of responsibilities and the absence of formal ties between the
commission, the common committee, the common management and the two companies appear
to have presented an obstacle early on. In 1967, the common committee pointed out to the
government that the control commission could not give instructions to the companies and, even
less, to the common management. But it was above all on the issue of safety that the
relationship between the control commission and the common committee failed. On its side,
the common committee had protested since 1967 the terms of the 1 March 1966 correspondence
confirming the control power of the commission. The latter regretted not being informed until
after the fact of the work inside the tunnel and recalled, in support of their case, the need for the
tunnel to appear to the motorists as a unique and homogenous entity, both in its operation and
its looks.

In 1988, a legal study was finally conducted to clarify the authority of the control commission
to approve contracts. A classification into three categories was adopted, in strict adherence to
the letters of 1 March 1966. While the commission would simply be informed after the fact
about regular maintenance work and before the fact for major repair work, it has to review any
supplementary construction. This classification has been correctly applied since 1990 with
regard to the updating of the tunnel.

Secondly, starting in 1973, the rapid growth of vehicular traffic, especially trucks, led the
control commission to focus its efforts on two recurring and sensitive subjects, the adjustment
of tolls and access to the tunnel, while disregarding safety issues, which took a back seat in the
discussions. The rules of hazardous cargo traffic in the tunnel, which the commission has the
authority to submit, were regularly addressed. Likewise, in 1982, the emergence of a mutual
aid project between the two countries in the case of a disaster was initiated by the commission.
A draft convention was put together by the Foreign Ministry. This convention was only
completed in 1992, and it was not published until 1995.

Finally, the ever-changing composition of the commission, difficult to avoid since the majority
of its members were appointed, plus its formality and the frequency of its meetings, appear to
have raised a third obstacle to a quality follow-up of the safety issue.

2.4.  Organization of Rescue Efforts by the Operators
2.4.1. Original Documents Contain Few Specific Instructions on this Subject

The lease contract of 7 July 1959 states that the tunnel operation is at the risk of the lessee
(article 7), which has to ensure its safety and operational continuity (article 8).

The operating procedures do not further specify the operator's organizational duties and the
assets to be used in case of fire. An operating procedure must nevertheless provide for a fire
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safety system.

2.4.2. Organization of the Operators' Rescue Assets

The operating procedures of 23 May 1985, common to both operators, describe the alarm
procedures, the rescue vehicles at each portal, the roles of the operators and motorcycle patrols

and, only for the French side, firefighters.

A major organizational difference can be seen between the available assets on the French and
Italian sides:

On the French Side

- 6 professional firefighters (all volunteers at the rescue centers of Chamonix or d'Aiguebelle)
work 3 shifts of 8 hours;

- 6 motorcycle patrols work on the same schedule;
- the toll takers are all would-be volunteers during a potential rescue operation.
Every day, a firefighter and a motorcycle patrol are on duty.

Complemented by the toll takers, the team can go up to 10 people a day, with a minimum of 4
people at night. The team is available 24 hours a day.

As for the fire and rescue vehicles:

- an FPTL (2,000 liter light pumper engine) with extinguishers and individual breathing
devices (ARI);

- a PS (600 liter first rescue vehicle) with extinguishers and ARI;
- an ambulance (VSAB).

On the Italian Side

- ateam of eight motorcycle patrols;

- a multi-use fire vehicle with three extinguishers staffed by a driver "accompanied by
voluntary Italian employees for rescue operations”.

The operating and safety procedures state that "inside the tunnel, the firefighter is responsible
for the use of vehicles and equipment, the response techniques, as well as the safety of
motorists and employees". The first response service available on the French side is therefore
aimed at the entire tunnel.
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This response method actually excludes the scenario on 24 March when the first response could
come only from the Italian side. In fact, aside from the motorcycle patrol, this entrance had
neither firefighters nor volunteers, since for reasons of principle none of the employees had

signed a response agreement (minutes of the common administration committee of 25 October
1972).

2.4.3. Explanations of the Choice of a Rescue Service on the French Side for the Entire Tunnel

In 1971-1972, the two companies acknowledged in the common administration committee that
they had to improve their rescue assets. A decision was made to set up a permanent rescue
team made up of a firefighter, a coordinator and a driver.

However, the local circumstances eventually led to a situation depriving the Italian side of both
firefighters and volunteer operators for combating fires.

A review of the minutes of the common administration committee shows that the two companies
initiated contact with Chamonix and Courmayeur. Finally, ATMB decided to hire five
firefighters to be located at the French portal and placed under the common operator while, on
the Italian side, the SITMB was being asked by the administration of Aoste for a financial
contribution to implement a fire station at Courmayeur.

The investigating commission did not find, in the 1971 and 1972 minutes of the
intergovernmental control commission, any trace of these decisions, nor its own formal
agreement to this asymmetrical rescue organization by the operators.

2.4.4. Firefighting Drills

Since the implementation of this service, the common administration committee sought to
organize common drills between the tunnel and the rescue centers of Chamonix and
Courmayeur.

Two such drills were organized and were the subject of reports by the fire and rescue services of
Haute-Savoie. The first (15 October 1972) addressed smoke tests in the tunnel. The second
(25 March 1973) was a real rescue drill including the firefighters and the tunnel rescue teams,
but involved only the French teams.

The conclusions of the report by Lieutenant Colonel Leverge were formal:

"in all circumstances and at any time during the year, four specially trained men must start
simultaneously from each side immediately after the alarm is triggered, without regard to the
size of the accident or the support of the rescue centers of Chamonix and Courmayeur”.
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These drills led the committee to increase the personnel presence during the night on the French
side. No other follow-up was mentioned in the following meeting minutes.

The commission did not know of any other fire drills inside the tunnel. The 1989 drill,
according to witnesses, took place on the Italian side and was aimed at training the Italian
firefighters in rescuing trapped motorists from their vehicles.

The common operating procedure does not actually require the organization of drills for the
tunnel teams alone or with adjacent public service firefighters.

The major fire of January 1990 did not lead the operators to plan further, although the common
administration committee meeting minutes of 26 January 1990 state that all lessons learned
from this fire will be applied.

The question would be frequently raised by the French firefighters within the framework of
cooperation started in 1996, but without actually resulting in a French-Italian drill. The
prefect of Haute-Savoie had planned for 1999 a rescue drill inside the tunnel with the goal of
establishing a first response plan common to Haute-Savoie and Val d'Aoste.

2.5. Public Safety Plans
There is no common French-Italian public safety plan.

On the French side, the specialized safety plan developed by the Haute-Savoie prefecture is
dated 1 July 1994. Currently, a specialized plan is not mandatory for tunnels.

On the Italian side, the equivalent safety plan (piano di emergenza) was developed in 1995 by
the civil defense services of the autonomous region of Val d'Aoste, the president of the region
acting as the prefect in matters of civil defense.

The two plans are very different in both form and content.

The French plan seems more complete. It recalls the role and the methods of first response of
each operator. But it also indicates, wrongly, in an appendix titled "Participation of Rescue
from Val d'Aoste" that, on the Italian side, the first response is provided by a team of 2 to 6
operators. Actually, as noted earlier, besides the motorcycle patrols, there are no firefighting
team and no volunteer operators for first response on the Italian side. The Italian plan does
not mention this team and it only refers to the three-extinguisher fire vehicle that the operators
were not trained to use, as the SITMB stated to the investigating commission.

Regarding the possible support to be provided by a government on the side of the tunnel under
the jurisdiction of another government, the two rescue plans refer to the establishment of an ad
hoc agreement. However, the Italian plan proposes that the Italian and French rescue teams
work in collaboration throughout the length of the tunnel under the coordination of the
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jurisdictional government authority.
2.6.  French-Italian Cooperation

Since 1996, the organization of the tunnel safety has been the focus of genuine French-Italian
efforts, but with no real results so far.

The starting point was the 10 September 1995 French-Italian convention on mutual assistance
during disasters. Article 16 of the convention states that agreements and special arrangements
may be reached to establish the first response conditions for the neighboring country in the
Mont Blanc Tunnel. On this basis, between 1996 and 1998 the civil defense services of
Haute-Savoie and Val d'Aoste and the firefighters from each country developed an
administrative agreement setting the practical framework of requests for assistance, and
planning common communications and training activities, as well as drills. This proposed
agreement did not, however, get signed, pending the Rome agreement received by the president
of the Val d'Aoste region... on 24 March 1999.

Besides working out of this agreement, the development of regional French-Italian cooperation
has been intense, especially in 1997 and 1998, with the goal of acquiring the INTERREG
European funding. It is thus that two agreements to improve safety in the tunnel were signed
on 2 October 1997 and on 19 February 1999 between the prefect of Haute-Savoie, the president
of the Val d'Aoste region, and the president of the administrative board of the fire and rescue
services of Haute-Savoie. Activities to inform and train firefighters from Haute-Savoie and
Val d'Aoste, common drills, and the construction of a firefighting training facility for response
in confined spaces have been planned and introduced for EU financing. Only the activities to
‘inform and train the French and Italian firefighters, by making tunnel visits, took place before
the 24 March 1999 fire.

3. DEVELOPMENT OF EVENTS

3.1. Traffic Conditions and Tunnel Functioning, Before and After the Alarm

3.1.1. Traffic Status Before the Alarm

The traffic was of average intensity before the alarm, but increasing:

- from 08:00 to 09:00, in the direction France-Italy, 131 vehicles, of which 82 were trucks, -
- from 09:00 to 10:00, 163 vehicles, of which 85 were trucks.

In the minutes preceding the alarm, the number of vehicles coming from France passing through
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the tolls averaged 4 per minute. If a tunnel speed of 60 km/h is assumed, the average distance
between vehicles would be 250 m. If a tunnel speed of 90 km/h is assumed, the average
spacing would be 375 m. In actuality, two vehicles or several could have followed each other
more closely, but it cannot be said that there was congestion. In fact, traffic was flowing.

The fact remains that, during the 9 minutes separating the entry of the truck which caught fire
first (10:46) and the tunnel closure at the time of the alarm (10:55), one motorcycle, 10
passenger vehicles, including one pickup truck, and 18 trucks entered the tunnel. Four trucks
passed the truck on fire after it had stopped. There were 26 vehicles caught in the fire,
including the motorcycle.

At 10:55, five vehicles had passed the tolls in that minute, but 2 out of the 5 continued into the
tunnel. The 3 others were stopped by the ATMB siren.

3.1.2. Alarm Conditions

A detailed chronology of the facts is found in the Appendix. Only included here is the part
that appearing to the task force to have particular importance.

The access closure at the two tunnel portals occurred at 10:55, i.e., within the first one or two
minutes following the alarm. It should be noted that the clocks are not coordinated between
the two tunnel entrances, nor between the various teams, and that the times indicated can differ,
despite the recalculations effected, by about 1 minute.

The truck that ignited and started the fire had entered at 10:46.
9 minutes passed between these two events. What happened in the meantime?

The truck stopped at the toll plaza at 10:46. It started to enter the tunnel; accelerated,
seemingly reached its cruising speed and then, realizing it emitted smoke, slowed down and
stopped at rest area 21; it was about 10:53. We know from prior studies that the average speed
of trucks going from France to Italy is about 56 km/h. This is consistent with the fact that the
truck covered 6,700 m from the toll plaza between 10:46 and 10:53, in about 7 minutes. It can
be concluded that, when the smoke was observed on the screens at 10:53, the truck had just
stopped (or was close to stopping).

The functioning of the other alarm equipment:

At 10:52 (French time) or 10:51 (Italian time) in rest area 18, the obscuration monitor gave a
"coefficient Westinghouse” value of more than 30%. That set off an audio and visual alarm at
the French operator's station. That station is equipped with such alarms, which do not exist on
the Italian side. In the same minute, the obscuration meter in rest area 14 had also indicated
surpassing 30% (maximum saturation of the obscuration monitor). But that was not reported
on the main board in the control room.
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On the French Side

The 30% saturation level of the monitors in rest areas 14 and 18 at 10:52 had automatically

activated the display on the control screens of the camera images for this zone, without
automatically triggering the register.

At 10:53 the French operator cleared the alarm, i.e., indicated to the system that it had been
acknowledged. He observed the camera images at rest area 18 and those at rest areas 16, 17
and 19 and saw the smoke in the tunnel.

The French fire detection system measures temperatures and detects those which go beyond
5043 at sensors located every 8 m. The sensors did not trigger during the truck's travel, which
is not unusual. They did detect the high temperatures later on.

The temperature measurements are recorded and kept in memory for four days, then are
automatically replaced by the measurements of the day. Unfortunately, in the four days
following the outbreak of the fire, the system was not stopped and these numbers were not
collected, and therefore are no longer available.

On the Italian Side

The Italian fire detection system works on a different principle (based on heating of a gas in
tubes 70 to 80 m in length). According to the Italians, the system gave frequent false alarms
and, because of one of these coming from the sensor in rest area 21 (where the Belgian truck on
fire stopped), the relevant section had been placed out of service the night before.

Several other elements confirmed the alarm:

- a phone call around 10:54 from a person at rest area 22, received by the Italian control
center,

- an alarm from rest area 21 around 10:57 (usage of a fire pullbox), followed around 10:58 by
an alarm showing the lifting of a fire extinguisher in the same rest area.

3.1.3. Tunnel Closure

On March 24, when the alarm had been given by the French and Italian control centers after
telephone communications and following the appearance of thick smoke on the control screens
of both countries between rest areas 16 and 21, the siren was set off at the French portal at
10:54. At 10:55, all the traffic signals in the France-Italy direction turned red. A truck that
was entering was quickly backed up to make way for emergency access, and vehicles which had
already cleared the tolls were removed from the entrance. The Italian entrance was
simultaneously closed at 10:55 and 10:56, by setting off the siren, turning the signals to red,
and closing the gate.
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3.2.  Rescue Operations
3.2.1. The Alarm

On the French Side

The Central Alarm Center (CTA) in Annecy, where all communications are clock-dated and
recorded, was alerted at 10:58:30. It immediately forwarded the alarm to the Main Rescue
Center (CSP) in Chamonix, allowing the first rescue vehicle to leave its base at 11:02 and arrive
at the tunnel at 11:10.

With regard to for the alarm and dispatch of the first rescue vehicle, there was no unusual delay.
On the Italian Side

The Courmayeur firefighters were alerted at 11:02, according to the telecommunications
operator's records.

The first firefighting vehicle from Val d'Aoste left the Courmayeur rescue center at about 11:04
and arrived at the tunnel entrance at 11:11.

3.2.2. The Response

On the French Side

The initiation of the private and public rescue tunnel operations was carried out in accordance
with the "Mont Blanc Tunnel" Specialized Rescue Plan, adopted by the Haute-Savoie Prefect on
1 July 1994.

Two rescue plans were activated by the Haute-Savoie Prefect:

- at 13:04 the Specialized Rescue Plan for the tunnel,

- at 13:35 the Red Plan, given the foreseeable number of injured after the entrapment of the
firefighters and ATMB personnel in the tunnel .

Two Command Posts were installed:
- the base Command Post (CP) at the Prefecture at 14:00, led by the chief of staff who, as of
the following day, together with the mayor of Chamonix attended to the sensitive issue of

calling the affected families and determining the number of victims;

- the site CP at the ATMB facility at the French entrance. The Bonneville deputy prefect,
present at the site since 15:00, represented the Prefect in leading the rescue operations.
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Lt. Colonel Laurent, director of the regional rescue and fire fighting services (SDIS), took
command of the rescue operations, starting at 13:32.

The SDIS had anticipated the decision to activate the Red Plan and deployed the major assets
requested by the plan (rescue and paramedic vehicle [VSAB] - helicopters, etc.).

This brought out the assets called for in the first and second stages of the Specialized Rescue
Plan.

On March 24 at 15:00 the following assets were dispatched on the French side: 26 firefighting
and rescue vehicles and 98 firefighters, including ten equipped with airpacks (ARICF).

A medical outpost was installed at the site and staffed by SAMU and SDIS personnel, but would
be used only for the benefit of the rescue workers, since nobody could reach the motorists
trapped inside the tunnel.

On the Italian Side

The activation of the Italian rescue plan (piano di emergenza) was not initiated by the president
of the Val d'Aoste region, responsible for civil defense, who did not consider the plan justified,
based on the information given to him by his staff around 12:00: no need for coordination
presented itself, the situation relating only to the firefighters already dispatched. The regional
services took the necessary actions concerning traffic.

The rescue operation was directed by the fire chief of the province of Aoste, Engineer Badino,
and by Captain Marlier, the Courmayeur fire chief, without the formal installation of an
operational command post in the SITMB center, or setting up a means of communication for
contact with the French firefighters.

3.2.3. Information Given to Public Authorities and Rescue Services

It is important to emphasize the fact that the French and Italian public authorities and the rescue
services did not have, during the course of the first day and even until Thursday, information
from the operators on the possibility of there being motorists trapped in the tunnel.

The density of the smoke from the first minutes on the French side had rendered the
surveillance cameras incapable of reporting the number of vehicles and people trapped in the
tunnel. However, a pullbox alarm was set off in rest area 22 on the Italian side, and an alarm
followed by removal of a fire extinguisher was registered at 10:57 on the French side in refuge
area 21.

These uncertainties would last until Thursday at 22:30, even after the discovery of three victims
on Wednesday at 19:04 in the vicinity of rest area 18. According to the ATMB, this can be
explained by uncertainties in interpreting, without risk of error, the information lists from the
French toll plaza, given the lack of a system for counting vehicles present in the tunnel or
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control at the exit.
3.2.4. First Response by French Rescue Assets

Only the main events will be recorded here, with the detailed chronology included in the
Appendix.

From 10:55 to 11:36, all rescue vehicles entering the tunnel were successively blocked, far from
the Belgian truck on fire.

The chronology of the stopped vehicles indicates the speed of the smoke propagation:
10:53 - stoppage of the Belgian vehicle in the tunnel at the level of refuge area 21;

10:55 - an ATMB agent enters the tunnel and is stopped shortly after rest area 18, i.e., about 750
m from the Belgian truck;

10:57 - the ATMB fire engines enter and are blocked at refuge area 17 (about 1200 m from the
truck);

10:59 -

11:10 - the first Chamonix vehicle enters (FPTGP with six men) and is blocked at rest area 12
(about 2700 m from the truck);

11:36 - the second Chamonix vehicle enters (FPTL with five men) and is blocked at refuge area
5 (about 4800 m from the truck).

Priority was then given to rescuing the 17 people who were trapped. This operation began at
12:55 with the entry into the duct no. 5 of a team directed by Captain Comte, head of the
Chamonix Rescue Center, through the ventilation ducts. It ended at 18:35 with the evacuation
of the six ATMB personnel.

This effort to rescue the trapped firefighters and operating personnel was efficiently carried out.
It was very dangerous.

The courage of the rescuers, like that of the trapped personnel, certainly led to the avoidance of
a greater human loss. It must, however, be recalled that a junior officer of the Chamonix
center died shortly after his evacuation and a total of 14 firefighters were hospitalized.

On the French side, it was therefore impossible to attempt any rescue operation of the motorists,
about whom it must be remembered that the rescuers did not know anything and whose survival
time, for those who had not found shelter, must have been short because of the enormous
quantities of carbon monoxide and other toxic gases generated by the fire.
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The emergency equipment was adequate; in all, the assets of four departments were mobilized,
to which must be added the firefighters and the marine firefighting equipment of Marseille and
Geneva. It was impossible to use them on Wednesday to combat the fire, despite the very
short reaction time of the ATMB safety personnel and the Chamonix firefighters.

3.2.5. Organization of Italian Rescue Assets

Between 10:57 and 11:01, the tunnel was successively entered by an SITMB agent, the French
patrolman, who was at the Italian portal at the time of the alarm, and the three-extinguisher fire
engine, i.e., three men and three vehicles. The second, in his vehicle, crossed through the
smoke between rest areas 21 and 22 and came within some 10 meters of the Belgian truck on
fire, stopped at rest area 21. Exposed to danger, he had to back up and quickly return to rest
area 22, where he found his Italian colleagues. Together they decided to evacuate the drivers
from the trucks (including the Belgian driver), whose vehicles were stopped in the Italy-France
direction about 300 m from the truck on fire. The passenger vehicles had succeeded in making
U-turns and exiting toward Italy.

The first vehicle from the Courmayeur Center (FPTGP with three men) arrived at the portal
about 11:11. It entered the tunnel and arrived at rest area 22 at about 11:16. It could not
continue its path toward the truck on fire.

Blocked, they tried to proceed toward the truck on fire, first with their vehicle, then on foot,
carrying their breathing devices. But, unable to see through the smoke, they had to turn
around and return to rest area 24. They were joined there at 11:45 by two firefighters in a
vehicle from the d'Aoste center carrying airpacks (ARICF).

Sheltered since 12:02 in rest area 24, the five firefighters were evacuated at about 15:00 by
Captain Marlier, head of the Courmayeur center who reached them by ventilation duct no. 5.

For March 24, the count on the Italian side: 9 vehicles, 10 men with 2 airpacks and 19
breathing devices from the Courmayeur and Aoste centers. The Turin assets were not
mobilized on either Wednesday or the days following, the rescue chief preferring to rely on the
firefighting teams familiar with the tunnel.

3.2.6. Comments on Organization and Implementation of the Rescue Services

The PCO (Operation Command Post) on the French side was set up in the offices of the ATMB,
since there was no planned control room. The available office was small and lacked an
adequate number of communication equipment. The head of the rescue operations had to
share the ATMB safety director's office, where his only means of communication was the
director's telephone.

The setup of the PCO was not without consequence on its functionality. According to
witnesses, the operator played an important role in the rescue operations, going beyond his
normal role of technical adviser in carrying out a rescue plan.
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The advanced medical post, thanks to its own setup, functioned well.

3.2.7. Smoke Reversal Attempts

On Wednesday the 24th and Thursday the 25th, the operator made attempts to reverse the
direction of the smoke and facilitate the access of the French firefighters who were unable to
proceed due to the smoke and heat.

All these attempts did not succeed in facilitating the operations of the French firefighters, and
probably delayed the decision to transfer the assets to the Italian portal in order to concentrate
them toward the entrance where it was possible to proceed, as testified by the Italian
firefighters who, as of Thursday morning, had extinguished the fire in the trucks stopped in the
direction Italy-France and approached the truck which started the fire.

From the beginning of the fire, the tunnel situation was notably different on the French and
Italian sides, due to the direction of the smoke:

- at about 11:05, the French patrolman was about ten meters from the Belgian truck (on the
Italian side), while the first firefighters' vehicle from Chamonix was stopped 2,700 m from
the truck on the French side at 11:15;

- between 11:20 and 11:30, the Italian firefighters came within about 300 m of the truck, then
were forced to go back to refuge area 24, which was 900 m from the truck, while the second
Chamonix firefighters' vehicle was stopped at 4,800 m.

3.2.8. Contacts Between French and Italian Firefighters

Until Wednesday evening, communications were few: the fire chiefs informed each other
briefly of their response activities, particularly concerning the evacuation of people trapped in
the tunnel.

Thereafter, lacking liaison officers and also due to the communications difficulties previously
mentioned, they were not in a position to examine the overall situation together and arrive at a
common strategy.

When, during the night of Wednesday into Thursday, an offer of a "fresh" reinforcement team
equipped with breathing devices was proposed to the leaders of the Italian rescue effort, it was
first accepted and then declined, due to the expected arrival of Italian reinforcements.

A clear but after-the-fact review of the assets mobilized at each portal shows that the proposed
transfer of assets toward Italy was wise and timely, coming immediately at the end of the rescue
operations on the French side.

The lack of experience and operational coordination, lack of practice and the difficulties with
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equipment and communications explain in part the delay of the proposed concentration of the
assets on the Italian side.

It must be recalled that the proposed transfer of assets was considered on the French side and
decided upon Thursday morning, but could not take place until the night of Thursday into
Friday because of bad weather conditions on Thursday afternoon.

3.2.9. Firefighters' Response

This fire, exceptionally serious due to its strong caloric power, presented particular
extinguishing difficulties due to its location and the impossibility of approaching it from the
French side because of the density of the smoke. It should be noted that it took 53 hours to
extinguish the fire.

The only person who saw the vehicle that started the fire was the French patrolman, at about
11:05. He has repeated his testimony that, at that moment, the fire could have been fought.
Although this patrolman is not a professional firefighter, he did participate in extinguishing the
truck fire in January 1990.

It must be stated, however, that even if the fire had been addressed at that moment, it cannot be
confirmed that it could have been extinguished and the motorists saved, given the density of the
toxic smoke which had already permeated the tunnel where the motorists were trapped at 10:55
(the time when the first ATMB agent was stopped on the French side at 750 m from the truck on
fire).

All the French and Italian firefighters experienced great hardship with their response: almost
no visibility, extreme heat, and great difficulty with airpacks in a very hot environment. The
status report mentioned the need for training before using this type of equipment, and the fact
that the ATMB breathing devices were not compatible with those of the firefighters. In
general, all the team leaders have insisted that this kind of response requires a high level of
physical and psychological strength, in addition to special training.

The response also revealed technical problems: insufficient water pressure on the French side
of the tunnel, short-circuited pump, standpipe connection incompatibility for the different
teams, and communication problems inside the tunnel, a portion of the communication
equipment having been quickly damaged by the fire, complicating and increasing the
psychological pressure on the firefighters during their rescue efforts.

Finally, the response proved the important role of foggers, relatively rare equipment brought in
from Marseille and Geneva on the Italian side.

3.3.  Results of the Catastrophe

3.3.1. Human Loss

AR E
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Besides the two ATMB emergency vehicles, 23 trucks, 10 passenger vehicles and 1 motorcycle
were

2HBDATMB DRBEFBIZMEZ T, FSv 27238, BEAEI10E. (7 1anBsh
TWi=,
destroyed.

All these vehicles were between rest areas 19 and 23, in the tunnel half operated by the Italian
company,

INODE2TIR, /1 ZYTORXHRBBRETINTI IV ADEERBIET ZEHHITE
A

close to the part operated by the French company (see attached map).

MY RVNEEEH Nol9 & 23 Dich oz, ((TROMEZSR)

38 victims were identified. Among these, 27 were found in their vehicles, 2 in other vehicles,
and 9
IBADBBEENERINE, ZThoD5H, 27 ABELDERN, 24 IXMADERN,
outside of vehicles. To these must be added the death of Chief Tosello of the Chamonix fire
department
FLTOORARXEANATRDITIONE, ZhbiXL, HOoDBBEREIITL RolkyryE=

after his evacuation.

WP5 A Tosello F— 7 DEEZME R ITHhIZR L2V,

Two drivers of trucks up front, and thus close to the fire, left their vehicles and fled toward
France. They

AKFIGEWEBDO M7 v 7 0B EF 281, HODEEERLTT 7V RITE» > THITF
<o

probably died of asphyxiation, after having gone about 200 to 240 meters. We do not know
what their
HEOHIXBELLH200~24m BE LA BICERE L, HOIES HLI HHIVITED
¢

speed was: whether they walked quickly or ran and covered this distance in 1 to 2 minutes, or
whether

KEoTIM2 AT OBEMAPEBATEON ELRIELRIERLEDDINHIVIIRR
i}

they were delayed by the beginning of asphyxiation or by the lack of visibility and needed more
time to

BLROTEBNRTIDERE*EL-OORHEE Lo L HETHATEDONLE VD

cover it.

HODFEZITETAZ EiIXbh bR,

Most of the other drivers, both in trucks and in passenger vehicles, stayed inside or near their
vehicle. At
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the beginning of the fire and doubtless for a certain period before the fire spread to neighboring
vehicles,

ERBHOHZHBARBELL, HORKERBZZLERTERNM T,

they couldn't see the fire. The black smoke quickly filled the entire tunnel section, as shown
by the

RWERELZTTLEDRI Y=V DS bRV RERAFICE 7, ZLT
television screens and attested by the truck drivers coming from Italy who had passed the first
truck on

KBRTHLIBRPD I v 7 2B RLTCAZYTRHPORZ N v 7 OBEBEEH

fire.

ENZEEL TS,

We know that the Italian motorcycle patrol who was headed toward Italy sought shelter in
refuge area 20,

A2V TIA»P> THEATEAZ I TORMa—VEARRRAEOEIEELEBBL T,
followed by the driver of a passenger car. Both of them died in this refuge, which was located
close to

BERERT No20 L=z & bhbhidfo T3, oD@ A L bB#RATTL &
27,

the fire that lasted for more than 50 hours.

£ LTE ZIAIRISGEVWALE TR0 50 BRI LL RV 72,

Among the drivers or occupants of the cars stuck in line, four also left their vehicles. They
died of

ERRIZ, B R RoEBFPORENI D, 4 ABRENGHEENLE, #5136 100~
500m asphyxiation after going about 100 to 500 m.

BATERIZEREL =,

Of the 10 passenger vehicles, 4 had started to make U-turns, but were stopped practically at
their point of

RAEI0BEDI B 4ENR UL -V LBEDER BEOOHBHMATIELALELEE->TL
Folk,

departure.

All these facts attest to the speed with which the entire tunnel section was filled with dense
smoke, which
INLDOEEDOLTH, P RNR2FRER>- TRAZ/FICHB LM X TEV RN
B E

must have quickly limited or suppressed all visibility. This smoke was probably very toxic.

DEEDHERL 72D, ZOFEIBEL LTHHFELE-T,

The circumstances surrounding the outbreak of the fire and the conclusions that can be drawn
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will be
WETDHIILNTEIAKRBETMVELRR L EOERIT. COHBESODT

discussed further in this report.

MRVEBREINDESH,
3.3.2 Physical Damage to the Tunnel

In addition to this terrible human loss, there were significant material losses, currently difficult
to evaluate; damage for a length of over 900 m to the tunnel crown, and more localized but on
significant lengths, of the roadway pavement and slab. In addition, tunnel equipment over a
considerable distance was destroyed or severely damaged by the high temperatures and fire
byproducts.

The vehicles traveling from France to Italy, which burned, were found between rest areas 19
and 21, over a distance of 600 m. The 8 trucks traveling from Italy to France, which stopped
before arriving at the level of the first truck on fire, were evacuated by their occupants and
burned between rest areas 22 and 23, over a distance of about 200 m.

In addition, the ATMB firefighting vehicle (FPTL), as well as another light rescue vehicle (PS),
deserted by their occupants shortly beyond refuge area 17, were also destroyed.

4, ANALYSIS OF CAUSES OF THE CATASTROPHE
KA
4.1. Operational Characteristics of the Mont Blanc Tunnel
EVTIV I RNVOBEEDRE ,
The Mont Blanc Tunnel was built as a result of the French-Italian convention of 4 March 1953
and
195343848, 75V 2A—AZYTHOBREDOKRLLT, VT TV P URIVIF
B
opened in 1965. The lease and contract documents of 7 July 1959 established the role of the
lessee.

. 1965 SEICBBLIZ, 19597 A 7TEOHRERHXELL L > TERHBEADOREFABRS

hie,

Capital investments follow, as has been seen before, a complex process involving the common
UENCR OIS, RLEELHEFICIT., A#0TREERLEHE LB ERAALLY

# 72 administration committee and the companies, a process that does not necessarily result in

a coherent

BRP, YT LLHOBoENORRROZERTCLRVERRLEORBOHEROWT

B3,

technical solution or synchronized schedule. In recent years, the capital improvement

coordination had,

LALEE, TELRECHREIR, ava—FEhhroBFELEBLINEEH
YR
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however, been implemented for computerized central management, automatic incident detection
and

BICX o TETEhE, LELIALD VAT ARKEOERBIZBITIBZBEFITE -
7o
variable message signs, but these systems were only at an experimental stage at the time of the
fire.

This dual operation for the same facility is at the base of various difficulties of great
importance with
RLEBADZDZ>OEEIF, ERCHLTEVW~AABEETESESERRE#BIZESW

—C
regard to its safety. The two companies have agreements to share the regular revenue and
expenses for
W3, E0Zo0&HiE, HRPEEOZHO—BRHULRBALIHEZ2AFTLRAEEZET
Wb,
maintenance and operation, but capital improvement funds are completely independent, so that
safety

LL, ERHBFRGIRTRIMILTEY, BFITAKEHORL2EBRIHE TRV
BT

modifications of the facility, especially the ventilation, were made by the two companies in a
non-
ZOoDEHITE o TiTbhi,
coordinated way: for example, the work on the exhaust openings on the ATMB-operated side
was
Bl 21T, ATMB OBAIET 2RI OBER O EHIX 1980 FizfTbhic, —% . SITMB IO
performed in 1980, while different work on the exhaust was performed on the SITMB side
starting in
PER D D EEEIX 1997 FEicfTbh i,

1997.

What appears more serious is that the operation of the two tunnel halves is only partially
coordinated ,

EVBEARZLIE, EFO_OD P FVBFZHOBMTHAMIZETREALT, €HH
b
between the two companies, neither of the operators having a complete knowledge of the status
of
fhEDOBRETH P RNVOBKICBE LT, B2RABWE Lo LAV —F =Rzt
AY)
ventilation on the tunnel side operated by the other company.

ZE¢THD,

The procedure requiring that, during an alarm, the first operator alerted takes operational
command is not
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FRRIC RN ESE L LA RV~ —REBELOMS LT OICLERLEN,
really applicable in the absence of central command and control.

PREBENAREDOL EERPRNRLVE NI Z LT,
4.2,  Historical Review of Accidents and Fires in Vehicular Tunnels

Vehicular tunnel accidents are infrequent and data is available for only a few of them. The
accident rate (number of incidents for 108 vehicles.km) has a limited significance and must be
interpreted very carefully.

The results of a survey of several French tunnels are shown on the following table. It should
be noted that the category of "large tunnels with two-way traffic" includes only the Mont Blanc
and Fréjus tunnels.

It can be seen that roadway safety in large two-way tunnels, such as Mont Blanc, is better than
that of open roadways in the same category (national highways) and is, rather, comparable to
non-toll divided highways.

There are some tunnels with high accident levels. This is due mainly to a peculiarity which is
difficult to correct. Narrow lanes, unusual alignments (sharp curves) and profiles (severe
slopes), or a mixture thereof, cause accidents. Poor pavement or traffic congestion are also
causes of accidents.

The most serious tunnel accident in the records caused 11 dead and 35 injured (the Melarancio
tunnel on the Autostrada del Sole in Italy in 1983). This occurred between a heavy truck and a
school bus in a tunnel bore operating with two-way traffic due to work in the other bore.

In vehicular tunnels, fires are rare events.

Statistical data has been established for fires between 1965 to 1992 in the Mont Blanc Tunnel
and from 1980 to 1991 in the Fréjus tunnel. The following table summarizes the results.

Whatever the roadway type, the ratio of passenger vehicle fires is the same. On the other hand,
it can be seen that the ratio of truck fires is much higher in large, two-way tunnels (Mont Blanc
and Fréjus) than in tunnels on highways or in urban or semi-urban areas.

The average annual number of truck fires is similar and the fire ratios are identical for the Mont
Blanc and Fréjus tunnels. It should be noted that both these tunnels are located at about 1,200
m of altitude at the top of long climbs. This could explain, at least partially, the higher
likelihood of fire in the trucks using them.

All the fires recorded in the survey started spontaneously and none resulted from an accident.

No deaths occurred. One major fire was recorded in the Fréjus tunnel: a fire.in a truck
carrying plastic drums damaged a roof slab that had to be reinforced; there were no victims.
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The world's major vehicular tunnel fires causing death or a large number of injuries are
summarized in the following tables. In the first table, only fires not caused by hazardous
materials are shown. The most serious caused 8 deaths. The second table shows fires

involving hazardous cargo. The most serious caused 7 deaths. The majority of these fires
followed a collision.

4.3. Review of Truck Fires in the Mont Blanc Tunnel
4.3.1. Seventeen Truck Fires in the Tunnel Since 1965

Most of these were put out with extinguishers on board or available in the tunnel. At least 5
fires were followed up with response by firefighters, on an average of one every 5 or 6 years.
These fires were rapidly controlled, although the 11 January 1990 fire presented certain
response difficulties.

For these five fires, the fire durations and nature of the damages were:

In four cases out of five, trucks caught fire probably due to overheated engines from the steep
climb. None of the fires described above was detected by the tunnel equipment, other than the
television cameras.

They were all able to be approached and extinguished by the fire services.
None of these fires spread to a second vehicle.

Attempts have been made to reconstruct the ventilation conditions after the alarm for each of
these fires. Unfortunately, until now the only information has come from the reports of these
fires. These include the following information:

In conclusion, it appears that: the fresh air supply was set at 1/2 or 4/4 levels, according to the
case. Whenever functioning, the exhaust duct was used to extract at maximum levels in the
fire area. This is in accordance with the safety procedures.

4.3.2. Circumstances of the Five Other Major Fires

28 January 1974: Vehicle on fire at 0.45 km (French portal). At 0.15 km, close to the fire,
the air flow was 4 m/s in the Italy-France direction. The response team coming from the
French portal passed through very dense smoke at the tunnel entrance to the "penetration limit".
They were able to fight and extinguish the fire very quickly because the truck was only 450 m
from the entrance. The cargo was 21.5 tons of steel billet.

15 April 1978: The vehicle was on fire at 400 m from the Italian entrance it had just passed.
The air speed was more than 5 m/s in the France-Italy direction. A French motorcycle patrol
coming from France was the first to see the truck on fire. He stopped the vehicles (escorted
convoy) following him, went through dense smoke, evacuated the four passenger vehicles
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stopped behind the truck, and alerted the Italian operator. The alarm was triggered and rescue
assets coming from France arrived at the scene, followed by those of Courmayeur. The cargo,
consisting of shoes, wood and marble, did not burn.

17 September 1981:  The truck was going from France to Italy. The fire took place at 4.5 km.
The air flow speed is not known. Abundant smoke was coming out of the engine, but the
vehicle did not catch on fire. The report does not mention how the fire was extinguished. It
does not mention the nature of the cargo.

2 September 1988: The truck on fire was at 5.05 km. No information on the air speed.
Toward 07:10, when the driver stepped down from the cab, he saw flames on the right front of
the truck, gave the alarm with the pullbox at rest area 16. He fought the fire with an
extinguisher and succeeded in controlling it. At 07:17 the Italian motorcycle patrol arrived
and, since the fire had reignited, the patrolman put it out with two extinguishers, one from rest
area 16 and the other from his vehicle. At 07:22 the French rescue team arrived after crossing
500 m through thick smoke. The fire started to ignite the cargo. The fire was then
completely extinguished. The cargo consisted of 800 bags of 25 kg Hostalit chemical powder,
not classified as hazardous, since these powders apparently had low combustibility levels.

11 January 1990: The truck was going from Italy to France. It stopped, on fire, at 5.81 km
between rest areas 19 and 18. The driver had observed smoke since about 1.6 km, but tried to
continue on until flames appeared in his cab. He gave the alarm by telephone from rest area
18 at 10:42, then returned and turned back a passenger car coming from France. At 10:50, the
safety personnel coming from France and Italy, about 8 minutes after the alarm, were blocked
by the smoke, the former at rest area 18 and the latter at rest area 19. However, at 10:52 the
two French firefighting patrols succeeded in coming within 3 m of the truck on fire with their
tanker engine (CCI) and fighting the fire. At 10:55, the fire in the truck cab was extinguished;
the entire back of the truck was on fire, but the truck nevertheless accessible. - At 10:58, when
the Courmayeur firefighters arrived, they were able to control the fire. The cargo consisted of
20 tons of industrial cotton spools, wrapped in plastic bags, 10 to 12 tons of which burned.

What conclusions can be drawn from these five fires?

In all cases, the alarm was given only when the truck on fire was stopped.

No fires were ever observed at the tunnel entrances.

After the alarm, the longitudinal air flows in the fire areas were not recorded.

No testimonial mentioned stratified hot smoke. This is not surprising, as a relatively weak
(1.5 to 2 m/s) longitudinal air flow is enough to homogenize smoke in a tunnel section.

After the alarm, the fresh air levels were set at 1/2 of their capacity or at maximum capacity,
according to the case.
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In 4 out of 5 cases, the smoke extraction was set at maximum. In the fifth case, it did not
function at all.

The cargo was either inert (steel), or undetermined (when it was not ignited), or combustible
(shoes, wood, cotton or thread), or of unknown combustibility (Hostalit chemical powder).

4.4.  Sizes of the Fires and Smoke Volumes of the Truck Fires and Their Cargos

In the following, information is given on heat quantities produced by truck combustion (caloric
potential), released thermal power, smoke volumes, their toxicity and the inflammability of a
truck.

4.4.1. Caloric Potential

It is relatively easy to estimate the caloric potential of a vehicle and its cargo, in other words,
the quantity of energy released if they burn completely. This estimation can be made by
adding the caloric potential of all the parts of the vehicle, its fuel and its cargo. The result is
generally expressed in GJ (giga-joules, or billions of joules, the joule being the legal energy
measuring unit).

The currently agreed-upon values are from 5 to 12 GJ for a passenger vehicle, according to its
size, about 50 GJ for a bus, from 150 GJ for a tractor trailer carrying a cargo of medium
combustibility, and 1,000 GJ for a tanker carrying 30,000 liters of gasoline.

Actually, the caloric potential of trucks can vary widely, according to their cargos. Therefore,
some cargos, not classified as hazardous in the strict sense of the rules, generate when burning
caloric potentials close to those of inflammable liquids (classified as hazardous cargo). This
is especially the case with margarine (present in the first two trucks coming from France, that
burned) and of polyethylene (carried by two other trucks coming from France). Thus for
burning cargo, the caloric potential varies from several dozen GJ (fruits, vegetables) to about
900 GJ (all margarine cargo). For the vehicle that started the fire (PLO), the cargo caloric
potential was between about 500 and 600 GJ.

Compared with these numbers, the caloric potential of tractor trailers is relatively low: from
about 5 to 10 GJ. Semi-trailers and trailers (without cargo) add 20 to 30 GJ each, as well as
the fuel carried (17 GJ for 500 liters of diesel).

A rough estimation results in a total caloric potential of 5,000 to 7,000 GJ for the total number
of vehicles entering from France, that burned (or the caloric potential of from 5 to 7 gasoline
tanker trucks), and from 1,100 to 1,800 GJ for those which entered from Italy and burned.

4.4.2. Thermal Power
o H

While caloric potentials may be easily estimated, this is not the case for the thermal power
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emitted at each
RBEIBEICFAIND—F T, TOMe OBRRBELHRBEEIZT O TiXiu,
moment, or the speed of energy released. This would require knowing the fire dynamics and
there is,

CRICIKDOBAZEZHNDILERDHBESIN, FEZHLZOEHDOLDOHERIT
unfortunately, little information on this subject. The thermal power is usually measured in
MWs

BEAERY, BRERBTLVTWMWs TRIOBND, (AXFT Y b, 10057 v })
(megawatts, or millions of watts, the watt being the legal unit of power).

Numerous tests have been run over the years to study fires in tunnels. Unfortunately, most of
these tests

P RNVAKRKERRETHEDDEL DT R MR—EFBRIBELITDATVS, REI
b,

used pans of hydrocarbon liquids for fuel, and it is difficult to establish the relationship with
vehicular

INHEEAEDT XA FTRABADRILAROEEZSAVATERALTEY . XOB
HEC

fires, in regard to fire dynamics. However, some tests used actual vehicles, notably in the
EUREKA

LT, ThiCX-oTHBEXKEOBEELZS DI LITELY, LAL, 1992~1995
££|Z project involving nine European countries from 1992 to 1995, and in which French public
and private

NFTI—a D 9 DOELEEBEXAHR, 75V ADAROFENRELSSML
EURAKA

entities widely participated.

7aYxs bTRWOMPDT A MTHAR, BIEOBBENEDII,

Currently agreed-upon values representing power levels over periods of time are from 2 to 5
MW for a
BRTROHDONTWVWS, #EREINOKBREZARTHETIX, RAETIIE 2~5MW
passenger vehicle (fire duration of about 45 min.), of about 20 MW for a bus (fire duration of
about 1

(CKRSEHMITH 45 29) . 7SR TiZM 20MW (KSR 1 B . TRERRZES
hour), approximately 30 MW for a truck carrying mildly combustible merchandise (fire
duration of about
FEEME NS Y 2 TIRBBLE 30MW CKEHMIEN 1~15 BE), TELTABZESSY
v7
1-1/2 hours), and from 100 to 200 MW for a tanker truck carrying liquid hydrocarbons (fire
duration from '
g — Y — Tk 100~200MW (K SKE#RIZ 2~3 Kefd),
2 to 3 hours). However, values clearly higher than the 30 MW indicated above are possible for
a truck

LA L, LR UL HIZ 30MW UL EOEIXER2HZETRWEFT v
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not carrying hazardous cargo: a tractor trailer carrying furniture released more than 100 MW
during

THAETH S :EURAKAT A D50 15T, FEEBEE ML —F—%2%EZT 5
AR

several minutes in conditions of very strong ventilation during one of the EUREKA tests. In
general, the

EFCHVBRIRBTHELIMIC. 100MW L EE BB LU, BIR LAKEEIIX

powers previously mentioned are not reached immediately, but after at least ten minutes in the
case of

TIRIBBLRY, LALARILEBI0F%ICE, TOM Ty I7DBA/RLEALICRD,
trucks.

It is not possible at this time to reconstruct the exact thermal history of the 24 March 1999 fire,
and it

BE. 19963 A 24 ADKKBOERRBOEBLERT I LRI TERV, ZLT,
would be difficult to proceed on this subject. At best, some of the elements which allow an
estimation of

COEBRNEZERTAZLEIEBLVWESS, TVEW, RARZFEMMET IV OMP0ER
N

the thermal power can be cited: dividing the total caloric potential in the vehicles (from 6,000
to 9,000

PIETE 2<HWE : 2K KHH (10 50 M) CEOEHOBORT Iy v2HiT5
&

GJ) by the total duration of the fire (about 50 hours) results in an average power for the
duration of the

30~50MW DI < bW DR R EBRIZRD,

event of between 30 and 50 MW. It is certain, however, that higher power was released during
some time

LHL, ORI, LYVRVWEEABITOAIELONIE, BUVWERBROBLHDIZ LT
periods and lower during others; moreover, the available oxygen at the fire level limited the
release of

P THD,;Z0E, KKOUVRLVOFATEIBRIZE T, FARBHOKRED
power at any moment. There is actually a known relationship between the quantity of energy
released by

Bond, ZERIC.EBDOREFROKBRELBROERAROMICIAMOBRLESH S,
the combustion of an organic matter and the mass of oxygen being used. This matter will be
discussed

TORIBIBRIIEBEINDIES D,

later.

4.4.3. Smoke Emission

ok
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In order to understand the development of events in the tunnel, it is very important to estimate
the amount

FARNVATOABOEREBMRTDEDIC, KKIKL-oTRETHIEORE L FMT
5Z¢&
of smoke generated by the fire. It would be convenient to first define the terms used. In fact,
to be able

EEE, LD, Ebhl&hz2i3o& 0 E®BLEMICARBESS, ERIC. B
Do
to pinpoint generated volumes, it is necessary that the smoke must not mix with the surrounding
air: the
ERLEENREORVWEIICTEDIZ, ERLMNBCEL2REIELZLNTESLY
BEH
smoke is then made up of the combustion gases and gases that have crossed the fire core
without burning
HD,  BIEIRFEAALRATICKOPLEBEBRBLAEATANLRY LTS,
(unburned nitrogen and oxygen from ambient air). This is what can be found in a tunnel when
smoke

(ABEZEROBRATVRVWERLER), NV ANVAORFAMENETHL TS L &I,
stratifies close to the ceiling. When the combustion products are fed with ambient air, they
form a

IHhAERBIND, BRELERDICABOXRENRHEREN, ELERAWTHIFTHERL
D
mixture that looks like smoke, with a volume that is the sum of the volumes of smoke and
mixed-in fresh
EHOUBMEBEIZRLDBREMETRRET D,
air. It is essentially this latter condition which occurred during the 24 March fire.

3A24 BOXKERIIREFENHICZIOREORENEE -,

The smoke emission values generated by vehicular fires are agreed upon when the smoke is
stratified in

FRVNTERBEFERT S L&, BHEARICLZBEORERIRE>TWVD R
RAE

the tunnel: about 20 m’/s for a passenger vehicle, 50 m%/s for a van, 80 m’/s for a truck
carrying mildly

T# 20 m¥s NEL R T v 2 Tk 50 mYs, FIRAWEBRBOFER T v 7 Tk 80 m/s,
combustible cargo, 200 to 300 m*/s for a gasoline tanker truck. ~Actually, it is the nature and
quantity of

HIYvDF 7 a—Y—TiX200~300m’s, REIZIZ, TOBRREBLFHORS M7
I D

the cargo that determine smoke emission for trucks. The tractor trailer that burns alone would

generate
BORERYRDD, L —F—BINEIZTAE T TRIB L, 20~40m’/s DIEL1F
%

from 20 to 40 m®/s of smoke.
LaWEA5,
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When the smoke emitted by the fire is mixed with air brought in by ventilation, as was the case
of the 24
BAUBRDKKDEI T, KRICE->TRELEENRIELLBSD L &, EoEK
March fire, at least between the core and the French entrance, one could probably estimate that
the
(FIZIZ, BEDOREMLEBRKELKOBRITVRVES) X, kOFLETFS VRO
AbnRA
volume of smoke (i.e., the mixture of combustion products and the unburned portion of the
ventilation
BTRADRSLEOBRICIIEHEOHREERL T, bTMIBREZLEOBHELY b
air) is slightly higher than the volume of the air brought in by ventilation, giving consideration
of course
REWLFRMETEAHESL S,
to gas dilation due to high temperatures. In fact, oxygen represents only 21% of the air
present in the fire
RFE, ZRXODTHN21% THIBRBIIAOPLIIEET IO, TOMD 4/51F
core, the other four fifths not being really part of the combustion. The combustion does not
generate a
CORBEBMATIFELRY., (BELAOHREZERNVT) EbhBROERLIV b
gas volume much higher than that of the oxygen used (aside from the effect of rising
temperature). In
REWEBOKMIL, BEICL o TRELRY,
total, the gas volume coming out of the fire core does not exceed by much (at the maximum
about 20%)
RCBEDLE, EHLLTAORLILELZLRGBEOETII. RVRAENKEDE
Bz
that of the drawn gases, given the same temperature.

EHIEEY (BRTHH20%) Z 2w,

4.4.4. Smoke Characteristics

EoOHR

The main dangers presented by smoke are:

BIZ kB ERERIL

- obscurity, which prevents people from fleeing due to lack of visibility;

ERE. ThiXERERECTALOBELTHIT S,

- toxicity, which incapacitates, a condition preventing flight and finally causing death, its
effects

FES, A2 2B8BHTERVRBICIE T, BERECIECKHERCRS, TOHR

X

depending on the nature of the poisonous elements present in the smoke, their concentration,

and the
BERIZHIFEEROHEE. TORBE. tORBHMICKTFT S,
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duration of exposure;

- temperature, which also incapacitates and may cause death, depending on exposure.

BE. ThbERBICIvBH o $¥, BrREICLS,

These hazards usually occur in this order: loss of visibility, then exposure to toxic gases, then
excessive
INoDRERZEBEROFEHETEE S, BAOXRM, EhHOHEVRAICELEShB T
&

temperature. It is important to note that the alarms triggered the 24 March followed this
succession of

ThDPOBEDEE, 324 BOAKBREoNT Lo EHIT, BRT7 5 RMICE
NoT

events as the smoke progressed toward the French side. Triggering the obscuration sensors of
rest areas

WHELE ZOHRFOEBICHE > THRELZLEZEMTIZLIIEER, BEH No.14,
14 and then 9 (alarm at 20% very quickly followed by a reading higher than 30%) preceded by
minutes

ZTLT N9 TOEBREH BOBULETRIETIIRTMN, LTHRE 20%TRAELE) X
that of CO detectors (alarm at 150 ppm quickly risen beyond 250 ppm). As for the fire alarm,
it triggered

CORBEMH LV b ENEITRE LA, (250ppm LA ETRIET 213943, 150ppm THRIR)
at a temperature of 50° C at the level of rest area 15, only 15 minutes after the over-the-limit
CO reading

BEEH No.14 TCODRRAEZ 2 7% 15 3717, kKOF.LH1H 300mBER TV D

at rest area 14, although this was located 300 m farther from the center of the fire.

BEELH No.15 DK KEH®M 50C TR L1z,

While the temperature is dependent upon the thermal power released by the fire, the obscurity
and smoke
BEXAKENOOKRBRICKETZI—F T, ERECHEREIREDORERRBITK
&<

toxicity largely depend upon the burning materials and the combustion conditions. Some data
is available

EBETS, PRV HNEBEARICLIZERER CODERICIH DT —F2FATE
Do

on obscurity and carbon monoxide (CO) produced by tunnel vehicular fires. Among the other
very toxic

ARPICHHERTHWABYDIZNWANAFTERY AR, FYIE=—NOREITL>TH
iz

gases that could have been released during the fire can be cited hydrochloric acid, released
especially by

RETHHE, ELABRERLVORBRREDRARI VLIV ORBILL>TRETD
PVC combustion, cyanhydric acid, generated, as well as nitrogen oxides, by the combustion of

ERBLY. THERARCBETIVT VB, v — V) VORBIZEX - THRETD
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polyurethane, widely used for refrigerated trailer insulation, and acrolein, produced by the
combustion of

T/abvALy, Thb%28E82TC% 5,

margarine. Toxic gas production is usually increased when the combustion lacks oxygen,
which was

REPICHRREATRT L., HEVAREDIHUMT S, TLT. KKOBRTOKS %
R T

probably the case during most of the fire, with the exception of the first minutes.
BEALEDRKTZDr—2Li23B,

4.4.5. Truck Flammability
N7 v DREENE

Truck fires similar to that of the Volvo truck on 24 March 1999, but also like truck fires in other
MORETDO I 7 kKb HBEMB, 199FE3 24 BORAR T v Z7ITEBAKD
57

circumstances, can develop very quickly, and especially increase in the few seconds
immediately upon

P77 KETIRETHEITHEL, P v 70FEEREBLEIHEDOMIC

the truck's slowing down and then stopping. In fact, the fire is no longer limited by the travel
air speed.

BIKOEY BEL 25, RE, KKBBEIhDIRKADOEEIC L > THIBREh 2RV,
Thinking about the flame of a candle: if one blows too hard, one extinguishes it; if one blows
gently, one
AIELDKIZDNTEZTHD,: bLERERS KWL, KiZiHAS; b LELS
feeds it.

RWie b, KiZBWEHET,

The dramatic consequences that may be generated underground by the development of such
quick fires
ZOLE)CETORBVWAKRBTTRET I LARVWEKRESN, ThiHTIRL
EYE

lead to the question of what the safety rules have to say on the subject.

EHRoTnBDONEWI EBBICbhbhZH <,

It is known that no fire resistance standard exists for truck gas tanks, which are sometimes
made of plastic

NI I DHRZ V7 ITRTRABERRL, ThZLELETSTIRAF 7 TTETND
Z ik

(this was not the case of the Volvo truck that caught on fire, which was a light alloy). It is
known that the

MHENTWD, (BALERARII vy 7 3ZOBETIIRL., BEeBME o)

volume authorized for these tanks has been increased. Since 1 January 1997, the capacity can
reach 1500
INBIRAVIOABEFMIMATETNR LI Z MO T VS, 1997 18 1
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Bk,
liters, of which 500 liters are for the trailer tanks.
AWML I500L ETHRET, PL—5—DF 7 500L £ TARETH B,

Nothing is mentioned concerning the flammability risks of trailers or semi-trailers. The shells
of

Pl—=7—REI PV —F— LD TROBRYEZEZIETRT A LOIRME 20,
refrigerated trailers may be combustible. In today's industrial and urban civilization, the
number and
RBEOHBRIIBRZENbLARY, 4 AOERKLSBHL S i3 T,
length of underground roadways will likely continue to increase. It appears very desirable that
the safety
HMTEOBRPLPRIBEAMITITNE, KKOBRRIZETE Sy s/ —5—D%2
B #& A3
requirements for trucks and their trailers be improved with regard to fire risk.

WEINDIZENLTHEE LY,

4.5. Circumstances of Development of the First Fire

KRG OEITREL

4.5.1. Description of the Development of the First Fire
KRN OEITOHE

The vehicle which caught fire was a tractor trailer consisting of a Volvo FH12 cab and a
refrigerated
BAKLIEDIIRNVEAFHI2 L EZONDES ML —F—T, TOEERE»LE T,
trailer containing margarine (9 tons) and flour (12 tons).

ZhiZ~<—H V¥ (9on) &/hEH¥ (12ton) ZHATLKEEE -7,

The task force is quite familiar with the conditions in which the fire developed in this first truck,
thanks to

HLHD Ty 70BEFE, FT v /70BLBIITNFAICEVRE TV EDOER
FED

the testimonies of its driver and the drivers of vehicles which passed the truck in both directions
after it

EEORBNT T, BAUINFERLRI IO v 7 IC X5 AKDOETREIZ,

had stopped.

MWRYBBELTWVD,

The first signs of smoke were reported by trucks coming from Italy, passing the Volvo truck in
the

BILB3RAOY A TR, AFZVTHORTRARIN I v 7 LRMFAICEBIBET
Woie

opposite direction. This happened toward km 2 or 3, thus 2 or 3 minutes after the truck
entered the tunnel.
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RIvI7lebildloTHRESRTWE, Py IR PURAIZ AT 2, 3 HKIT. 2~3
km®d

White smoke was coming out of the cab, passing under the trailer and coming out behind and
swirling up

HEYVTINRBELE, AVEITEBHE LRELT, PL—5—DT%@Y.
toward the ceiling.

HEPOBENTRHFIIMD o THREV TV,

When the driver, alerted by flashing headlights, looked into his rear view mirrors, he saw the
white smoke

BEREER~Y FIS/ P2 RXOETRAVIREREZBREL, Ny 2 I5—%0BNEL &,
®ix

behind his truck, on the right.

Iy s DREMOERTBWERZ R,

He slowed down and stopped. He allowed a truck passing him in the opposite direction to go
by and then

BTIIAEC—-FEELLTrI v 71k, BRRIFAIEL M v 72008 L
T.

gotout. White smoke was coming out of the cab and rising up between the cab and the trailer.
He tried

FIZy 2o, BWEREER»OHT, BEEL MV —F—OfEHMN->T o
oo

to reach his extinguisher located under the seat of the cab on the left side. At that moment, for
the first
BREGEROEMNL—FOTICHHHBABEMAS I EE AL, TOBMIC, XLHT
time, flames burst out on both sides of the cab. He stepped back and could not do any more.

Y= FOE[UIPLRRANRHE, BZBETIVZLT, bRPMLTERMoT,

From this time on, all testimonies described the smoke as black.
ZOENDL, 2ETOREECRELE-HLLEE->TWS,

The fire had quickly entered the cab.
ARITTSITEBRBICA -,

The fire only spread to the trailer afterwards. Nevertheless, one testimony noticed the
beginning of a fire

DBIZ ML —F—Z BT kIENo T, RV, HBEETILV—F—DENLHEKL
7=

on top of the trailer; this was offered by the driver of a truck passing the truck on fire in the
opposite

TEERRTVS, ; ZOZLRBA LMy 7 LRAFENCEVBELINT 27D
direction.

BEFEbICXoTHLESNT,
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At the present time, the source of the original white smoke is not known. The continuing
investigation of

BE. BUOBWEORERDLMLRWV, ZOZLE2ALNITEIEDIE N v 7 OH
EH

the truck will reveal this.

MATWV3B,

4.5.2. Specifics of the Truck and its Cargo
MY DEMEEDOHY

The tractor trailer's fuel tank was built of a light aluminum alloy. It had a capacity of 920
liters and

ETOEFNPF vy 7 DBRBEZ LV ITIIBVTALIRETHLORTVE, ZHRIZEERMN 920L
T

contained about 550 liters of diesel at the time of the fire. The tractor pulled a refrigerated
trailer.

KKFFITITEEM SSOL 2 A TWiz, EJBEIZABELS 2Bo TV,

The refrigerated trailer was constructed of an isothermal foam shell which was easily
flammable. The

ARBERSBE 74 —ALYzViZLoTHERTEY, FhiZMBEICRZ S,

cargo of margarine, as it melted, was transformed into very combustible liquid oils capable of
spreading

EDOWMD=—HY VIZBTBHZLITE->T, PRVDAKDE ->NFITRDH—F T,
onto the roadway while setting off a fire of considerable power. The investigations taking
place will try

BREBIRTVWAREDFTANVIZEDLS, TOATWHWETIZ, =—H V) UBET
T

to determine how long it took for the margarine to melt and the strength of the fire caused by
the
TEDBZODAREDTANIZELBAKTEDLSLVDEEIZLODOPERHIELIITLT
AR

combustion of this oil. The type of wrapping of each packet of margarine should be
considered. The role

TOKKDOBRBIIBTHNIRBORES, TEHIETWETDITFEL.

of the flour in the combustion of this fire will also be estimated as much as possible.

4.6. Ventilation Conditions
BIRE

4.6.1. Ventilation Levels Before and After the Alarm
EHMBZOBEK LNV

Since the tunnel's control stations did not have computerized command control systems (aside
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from a

MARNVOPREBEI 2 E 2 — LSRN ERESHAB L AT A2 b T Ao
DT
partial system on the French side called "mini GTC"), it was not always easy to know what
actions had

(77 AMT “mini GTC” LMEENL—BO Y RAT AZHIZLT), YARFTHH

been taken. Nevertheless, the gathering of testimonies, and data provided by certain
recordings and by
EONENEHNDILRBES TR, ok, KbhrboT, EEPERKRUEEIC &
%)
visual observation, allow the following reconstruction of events:

BRICE-TRBOLNET 228D LT, UTHRELERE TR,

Before the alarm:

TR AR

The fresh air ducts:
AEKERT 7 b

On the French side: the supply was at level 2/4, or about half of maximum capacity. This is
normal for

77 VAR BRI VRNV 24, BETHLBRRENOHESTHD, Thid
average traffic levels.

EHPRRZBEL_IVDOLEDEBTH B,

On the Italian side, they were working at level 2/3.
A ZYTRTIZ, FEK V23 TEWTWE,

The reversible supply/exhaust ducts:
(1Y #H2waElr) HHERS 7 b

On the French side, the duct had worked in exhaust at level 1/2 since the morning. It had been
set in

75 ARTIX, BROBETLAL 12 THREELTWE, 7 MIEEKAICEER
el

exhaust position, as was sometimes the case when staff were performing work inside the tunnel,
per their

Ey hERTWE, EWVWIDIX, LELYERF Y IBMUEBERE LT APV RNVNTHEET
52 ¢

request.

BhHolehrb,

On the Italian side, the duct was used as supply of fresh air and was working at level 1/3.  This
is

AZYTRTIE.F7 MNIFHZEEOBRAL LTEDh, LUV 1/3 TEEL TWE,
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completely normal, being the most economical way to improve air quality inside the tunnel
during normal

INREECKET, BERORAREOR, Mo RVAOLESREBZEZS-DICE
R
traffic conditions.

BENRFERLELTWVS,

The exhaust at the French entrance:
73 A[DOANY ODHER

The fan installed in the old corridor to extract tunnel air coming to the French side was working
at 2/3 of

77V AUIRD P RNVOBKEHEHT B DITEH VY corridor KRB S hi7 7 Vid,
its maximum capacity.

BKRKEHD 2/3 TEH VTV,

After the alarm:
W%

The supply ducts:
ERL 7 b

On the French side, three out of four ducts were set at full level and the one servicing the first
part of the

77 AT, 4 oDF 7 +DI3HD 3 OBEKRBOLVA_AVTEY P&h, PR
D

tunnel was only set at level 3/4.

AVRILHEIBPDF 7 FOHZ VN34 TRy bEhT,

On the Italian side, the four ducts were raised progressively to level 3/3. This level was
attained at about
AZYVTRTIZ.4DDF 7 PBRREZVNIBETHIT b, 2OV 1L
01

11:01.

TAICEIEL,

The reversible supply/exhaust ducts:
(1Y &2 "TREe) E/HER S 7 b

On the French side, the reversible duct, which was in exhaust even before the alarm at level 1/2,
was

75 AT, BBATIC VAL 12 THEBRTOhA TV #FH KRS 7 b, v 3/4
N '

raised to 3/4 with concentration of the exhaust in area 3, apparently toward the center of the

tunnel in the
ETFoh T, $HRIx= V73D OhE, TL T, KIZAWVWS - TRHALGNT M
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XD
zone close to the fire.

Rz @E Ao T,

On the Italian side, the reversible duct, which was in a supply position at level 1/3 before the
alarm, was

A7V THTRE, FRANT VL 173 CTERMBICH o EZHERKS 7 M, EERES
R

left in this position and the level went gradually to 3/3, attained at about 11:02.

LODREIC LRV IBIZRo T2k, LT, 102IZEDL~LZEE LI,

At 11:13 on the Italian side, fire ventilation procedure was ordered, by reversing the duct to
exhaust and
INBRAZIVTHUTE, RS 7 F2HBESE, R HEH No20 EHB L IHAD
TR

configuring the openings for a concentrated exhaust around rest area 20. At 11:14 this fire
configuration
THORKROBIBEANRG L O, 1114 KZDOKKEHBPIIDRELE LEHRER
DHLAGIZ

was deactivated, returning to supply of fresh air. The fan levels were lowered.

Roleo 77DV NNVIITFR- T,

At 11:15, the Italian duct returned to supply.
IS IZA 2 VT DF 7 MIERICE -,

From 11:43 to 12:04, the levels of supply ventilation were increased by this reversible duct.
11:43~12:04 T, FROV_NNVIEHERF 7 F (BERICR-72T L) ITX-THM
L7,

Starting at 12:29: still by the same duct, an attempt was made to run a fire procedure by
exhaust and

12:29 BASE : ALEER S 7 Mok o TAKRKMEARRL O, KO DEEBE L HEINE
BEH#

configuration of exhaust openings to concentrate around rest area 24, then at 12:40, a return to
supply.

No.24 D EICEFTH I &Nk, Thd b, 12140 TERICE - 7=,

These operations are discussed in more detail later.

CHODBEFERREBICERIHBLILOATNES,

The exhaust at the French entrance:
75V AMOAY ODHK

After the alarm, the fan in the old corridor was set at its maximum exhaust capacity for the
tunnel air
BHRO%, B\ corridor IZHB 77 VI PV RVADEENR 7TV AMAY OITED &
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7.
coming to the French entrance.

FRENERRIZENTE,

4.6.2. Consequences of Ventilation Levels on Smoke Movement and Development of the Fire

BEOBXICBTARELV_NOES L KEOER

At this preliminary stage of the studies to determine what happened during the catastrophe, it is
too early

KEPIZ, MBBEEONERETILDOFEDZ OMBEM TIX, BPENETET
KED

to reconstruct the actual development of the fire, and further studies on this subject will be
difficult, due
AEOERZEMBETEIRY, ZLT, FIATCE 2 BHRORMDEDIZ, ZOHFELE
H»3

to the lack of available information. At best, an attempt can be made to give some yet
uncertain and
TLREHIRELIRBES), L TH, KEOHMAT OV TRAED THEMN—KE
S

relatively general indications about the beginning of the fire.

TREEZDONDZDbWVWES),

The contents of the following paragraphs show that the air flow that carried the smoke mostly
toward

KERRELER, E2EEEKOFENPIFZLAE TSV ACAMP>TWEDIR, &E
5T e

France at the beginning of the fire was essentially due to the unbalanced ventilation levels
between the

RSN P ARNVEOBRKVARAAUBRIFEIE o ez iz kB d, UTONRTTT
70

two halves of the tunnel (higher supply of fresh air and absence of exhaust on the Italian side,
exhaust at

NETRELTWVS, (FEEROBRRERLE. A FITRMETIFIVADAD O TOHK
D

the French portal).

RE)

This imbalance created a relatively weak air flow (1 to 1.5m/s) in the Italy-France direction at
the level of

TDORBEWH, VX —DFF v I DPOLARKBRBRELERIZ, AV T>T75RAFMH
D

the Belgian truck that started the fire. It explains the speed with which the smoke reached the
vehicles

HBEHHVWEKOTEN (1~1.5m/s) 22K VELTWE, £hdd, BRI v 7 0%

el
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stopped behind the truck, surrounding all the people there, then moving faster and faster toward
the

BEOTWEER, EZORYVDALITEBVSE, ETETHES 7T VAMOAYOD
=P

French portal exhaust. On the other side, the smoke advanced only slowly in the direction of
the Italian

RO»P->LBHATH DS, ZhiTH LT, 17V TROAY A~DFEIX, BROFIIZ
portal, against the air flow, over a distance that did not go beyond 300 meters in over an hour.
This is

RLT, 1HEIZ300mEzBLARNWS OVWDOEHREP - VAR, TOZLITEoT,
what allowed all the people who entered by the Italian portal to escape.

AZYTRHDOAY ONDASTLTDOALETRITZZ LR TEE,

The reading of paragraphs 4.6.2.1 to 4.6.2.3 and 4.6.3, all very technical, is not necessary in

order to

NRTTT7 4621~4623 L 463 DNRFITTRETEMRILTHY, ZOLVR—
7)) '

understand the rest of this report.

BRYZEFBTIOLSLTLHROLEITRV,

46.2.1. Air Movements in the Tunnel

MR VRNOLBEDE) X

As usually utilized and notably before and during the 24 March fire, the tunnel ventilation
system

3A24 BOKKOME ZNUAMDOHBITFASATWE P RAVBR Y AT A,
supplies much more air into the tunnel than it exhausts. The additional air exhausts by the two
portals

BRLY LELDBKREHRBR L TVE, REOERIE. WOLELENFKEIHE 250
where the air is always flowing out. On the French side, this takes place slightly more than
110 m from
AVarbHEERENRTVS, 77V A[THE, K77 VR P XAVDL2BEE VDL
the portal where the exhaust fan usually collects the entire air flow coming out of the tunnel.
BHOHTVWIAYO»E, 110mBEN L ZATIANEE TS,

With the air exhausting this way through the two openings, there is always a point in the tunnel
called
2O0DORZBLTHRETHIOFETIE, “PUR” LRENIZEFROOLEEL,
“neutral point", where there is no longitudinal air flow. On each side, the air flow is directed
to each
EITRBMAMOEKOTENIZR Y, ZAhBhOI A FT, ZLKOHRIZHILAH, S
ndic

portal, with a speed that increases as it gets further from the neutral point. The air movements
inside the

PHTHESZHEL, ThEhOHROFITHID, ThYw X P RAABTOERDOHE
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tunnel, and therefore the position of the neutral point, are determined by several complex
factors:

BET, FURKDOMEIZ, WS HOPDOEELERICL > THRES,

- the influence of the supply and exhaust volumes in each of the tunnel sections
EhEND P RXNVEBECTOXEEREOKE

- the role played by the French portal exhaust fan
77 VAANY ADHRT 7 v ORE

- the difference in barometric pressure between the two portals (due to winds and different
2ODAYAMTHOREEZ (ENEhOROLTORL., KBREDBWVWIZLB)

meteorological conditions on either side of the mountain)

- the "chimney" effect resulting from the temperature difference between the tunnel interior
and the
AZVTOAYVARTZFVADAYIODLY S 107TmBENZ &ITLB, PrRAATRE
HE D
exterior atmosphere, since the Italian entrance is located 107 m higher than the French portal
(even :

REMOBEZETD “BR” PR (KKRLTEX, PRV EToNIBoTNS
s gD

without a fire, the air is always warmer inside the tunnel because of the geothermal heat due
to the high

DI P RNVORNBOEBRITEDV)

cover over the tunnel)

- the piston effect of vehicles, especially trucks, that push the air inside the tunnel in the
direction of
H,. BTy 7 BBBHFMIC P IVADELZERTLVIEX M AR

their travel.

Knowing, at least approximately, the ventilation flows before and after the start of the fire, two
elements

KRBEEILHE CORIADOHENEMD I LT, PIROMBIIZ>OERIC

may be used to estimate the position of the neutral point: the measurements of the only

working
LOoTHELTWWESS A ZVTOAYAFETCEE—2BIWTWEREHIZL S
BlE

anemometer, close to the Italian portal, and the observations on smoke movements. The way
the smoke

EFEOBMEIZONWTOBRERR AKOBELLETT7FVAFAICELS ENEEL.
propagated at the beginning of the fire strongly toward France and covered only 100 to 130 m

toward
AFYVTHFRIZIE 100~130m P EBECHE -2 ik, kK2BZLE NS vy 7 DAET
=4 23: D)
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Italy shows that, at the level of the truck that started the fire, there was a relatively limited air
flow
BOhZEZEROTENYEHY (BEHL 1~15m/s), TR T T UVAFEIZEMWT W Z
L&

(probably about 1 to 1-1/2 m/s) and it was directed toward France. This is consistent with a
neutral point

RLTWD, TR P RANVOHHTOEEH No.22~No2d DRIRARA XV T b7
TR

from rest areas 22 to 24 and therefore to an Italy-France air flow direction in the middle of the
tunnel. '

FrizBgLiZ tiz—&LTW3,

Simple calculations, not taking into account thermal effects produced by the fire, show that
passing from
KROEHLHTROBRELZRBLLVEMAHETIX, KKIMOBRK LA 5 AkKE
()]

the ventilation levels prior to the fire to those after the fire started had a tendency to move the
neutral

ENICERTILiZ, PEYREAFZYTHLT7 IV RN (M 500m) B4E
] A3

point slightly from Italy toward France (about 500 m). The air exhaust speeds were increased
at the two
HoTeZERLTWVWS, EKAE—FX 220 AY AOTHEMLER, 750 A0bHE
yi}s

portals but the air flow in the area where the vehicles entering from France were was not
modified and

A2 T DHEFATREKOHENIIERE T, A FVT-2T7FVAFADOEEE o7,
remained in the Italy-France direction. Since the smoke coming from rest area 21 toward Italy
closed in

BEAY 1RE OB TIZ, No2l BEFENMDAF Y TIZA - TL B4 % No22 BEEHIT
progressively on rest area 22, without, however, passing it during almost an hour, it can be
guessed that

EOWEDT, "VR—D I v 7 BhEFofel ERLAITEES No.24 [TEL. £h
Mo

the neutral point was closer to rest area 24 when the Belgian truck stopped, and then moved
toward rest

BEHH No22 ICH > TEBIWE LHRIT B Z LR TE B,

area 22. This scenario is compatible overall with the Italian portal anemometer measurements
that
SOVFIFARAFZITAVOFEOREHOBRELL2E L LTFBELEY, Thidk
KD

indicated widely varying values (due to vehicular traffic) between 4 and 6 m/s before the fire,
and more

BEIANC4 L m/s DD SELERME (EOFETITLB) 2L, ThB#%ITXY
stable, around 6 m/s, afterwards.
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ZELTOom/s DH-Y DEEELRLE,

These simple calculations show that at the beginning of the fire, the chimney effect going in the
France-

KKDBZTFHTIR, 73V ADDAFYTHA~DEERDREZOBROHEMN, Sh
rgh

Italy direction and due at that moment to the natural heat (geothermal) of the rock and not of
the fire,

DPRPIURHPU~NDOREOEBLEABLECEVRVE, ThAODOBEARHEIIRLT
Wb,

must have been more or less compensated by opposing atmospheric effects. The 24 March
there was a

3A24 BT, PUYRVEBREAZYTHE7 7V RATHTERO

current of warm air (feehn) that tended to push the tunnel air from Italy toward France. Such
conditions

BANWEIOH (72— VBR) Bbol,

occur about twenty times a year, the air moving from France to Italy the rest of the time. In
these

EDLIBRRAUBEC20ESOVEETEY  ENUADLERTF U APDbAFIT
iz

conditions where the chimney effect and exterior winds almost compensated each other, the
unbalanced

ZRIZBNTND, ERYPRLADANRIZLALERBELD O 20 & 3 RR T,

air flow that went toward France at the level of the Belgian truck was due mostly to the
imbalance of

RVE—-DITF I DUBTOT7 TV RIZAMP> TWERREREROHNIX.
ventilation levels between the two tunnel halves (higher fresh air supply and lack of exhaust on
the Italian

ZHENFE P URNVBTORBBELBILVAAVICELDbDE ST, (A 2V THTOD

side, exhaust working at the French portal).

LV ELLOFBREROBR LR ORM, 77V AAUTOHROBHE)

4.6.2.2. Consequences of Smoke Movement

BoBExoER

The chronological graph (Appendix 3) shows two distinct phases of smoke emission by the
Belgian truck.

BlED 75 7 (Appendix3) TiX, "V F¥— b T v 7L BEDOHHDOEMYL /22D
BEERL TV,

The first phase is related to the truck's travel in the tunnel until it stopped at rest area 21:
While the rest

BOIOBMEIY, BEHE No2l TrIv /N L ERETO R RAVNTOBHICHEARLT
Wad

area 4 and 9 obscuration sensors sent an almost normal obscurity value during the truck's
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passage, those

BEHENM Nod9DEREHN L7 v 7 BIETROEREOEBEEL R LTV AEDICHL T,
of rest areas 14 and 18 reached their maximum limits very quickly. This seems to show that
the truck's

BEHIT No.14,18 TidAig Y B ICBRAEICEL TV, DI LIZBEEH No.9 &
smoke emission developed suddenly between rest areas 9 and 14, remained the same to rest area
18, then

Nol4 DRITHrI v 7 DODRENRRER L, BEH No.18 I TEDE F THA,
decreased while the truck continued beyond. Under the effect of the air flow from Italy to
France, and

v 7 2BERLERY LI, A2V THLT7IFTUVRAANDELDHN & BHEED S HEE
ahi

also due to dilution by fresh air supplied at the bottom of the side walls, this first smoke
emission, which

AKICLIZFROEBOL LT, BRUKHEL, BALEEARL>TENALMICE
ni

was clear in color according to observers, almost disappeared after 6 minutes at rest area 18 and
14

T OFEITEEHEH No.18 Tid 6 51T, No.14 TiX 4 F&ITIFL A LH X,

minutes at rest area 14. The exit of the diluted smoke slug in the French direction saturated
the obscurity
RLWEBBFEOTWVWo LTIV ARAOHA T, 1, 2 SHETEEH No.9 CTOMERE
fEAs

reading at rest area 9 for 1 or 2 minutes, while the obscurity sensor of rest area 4 later sent only
a brief .

Al —FT.HEEH# No4 DEBREHTRECHEREN LEOEI VDT HIARND
increase of the obscurity at a slightly lower level.

BWL_LVDEEZRLTE,

The second phase is related to the stopping of the Belgian truck, with the sudden start of the fire,
as has

BBMEIL, AF¥—D T/ DELE, BRROKKOBEICERL BREICLY

been described by witnesses:

mBREHLTVS,

The smoke become darker and thicker than in the first phase and was pushed with increasing
speed
BOOBRBICHRTEIRLACHESELRY), 77V AOAYV QAT TAY—-F&L
7

toward the French portal, successively saturating the four obscuration sensors. It took only

about 6
BEELT4DOBEHOHEAZBEMEE TV o, BHEE No.14 & No.18 DERERHD

minutes between the exhaust of the first phase smoke and the arrival of the second phase smoke,

at the
B CIRRIOBRBOHFE L E _BREOEDOEEOBIZIZ 6 5 Lo TRV,
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level of the obscurity sensors of rest areas 14 and 18. During this period, the visibility was
mediocre but
O, BREIPMETHY., FvvaT7V—TORLHHBEREBCRFE S,

acceptable for normal operation at rush hour.

The second phase smoke behavior will be examined in more detail. It has been seen that at the
beginning

B_BETOEOSZEVRLVEMICIRESND, TOKKDIEE D TiX,

of the fire this smoke advanced progressively toward Italy from rest area 21 to rest area 22, but
didn't pass

EIRRBITA & U 7 HENTEEEH No.21 > DEEEH# No.22 ~EA TV A3 BEB# No.22
~iX

the latter for almost an hour. This is what allowed the people who had entered at the Italian
side to escape.

BEAE—RHEER -2 EADATVWSE, ThARBAZ I THBAY, KIFcAITL
STRDIDLATWVWBRI L THB,

The phenomenon of smoke advancing against the longitudinal air flow inside the tunnel is well
known (it
FRNVATOMBERICK L TEREAEBRRIZI LI HNONATVS (ZRITEFET
is called "backlayering" in English). It happens when the longitudinal air speed is lower than
the speed

“backlayering”E B TW3), ENIIMHEDOBR DA — FA “critical speed” & FF
iTh 3
called "critical speed", depending mainly on the fire's magnitude. The smoke rises to the
ceiling over a
AE—=FLYHBNLIICEZTEY, ERAKROKREIITEKEFET S, BIIAKOKR
',
distance related to the thermal power of the fire, the air flow speed, and the tunnel slope. It
may stay up
ZIDOBHDRAE—F, PRV OAERICEBRLAGEETRFAFCENRS, XFONMNET
B4&E
for quite some time, forming a rather thick smoke layer that regenerates at the ceiling level or,
if longer, it

ShEELRLEPRVEVWEORIZ. »RYVORMLEB-EETHEI2L LAY,
b
may cool down and descend to the pavement where it is again drawn in the direction of the fire.
bo lRVWHMZOEERL, @A THEICRYZZTAKOFA~FUIIEREENT
<%»H LhZw,

This latter phenomenon was observed by the ATMB patrolman, who drove his vehicle within
meters of

11:05 %I, KKOPLEMmLUANEZD LETE- ATMB ORFEN. ZO®RFOERR
x
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the fire core shortly after 11:05: coming from rest area 22, he first passed through a "wall" of
smoke

RTWe BHEEF No22 2O o TRT, HIZET M RXAMELR24% 100~200m O£
ST

filling the cross section of the tunnel for 100 to 200 m, then, when he saw the truck in flames,
found

W LD “B” #@BLE, ThA»d, RITAETIE NS v 7 2RI,

himself in an area which at his level was clear and where the smoke, while very hot, was locally
stratified

BOVARLVTRERNART, TICRRATETHLEWERBIZR > TV,

at the ceiling.

On the other hand, toward France the smoke seemed to have been completely mixed with fresh
air. The

—FHT. 77 VRAICAP>EERELE2ZARLBLo-TWEL I, ZROMHITIZ L
NED

air flow drew most of the air mix — smoke over the entire length separated the fire zone from
the exhaust
BEEBXRZEEHFEE— P/ RINRRICEB - EEIIX, kKDY =V 2T FTVADAY
Ao

corridor close to the French portal. This happened despite the exhaust, which was apparently
< DPEK corridor N HEEEE L, ThRHFKICLP2DLTREL, 757 2 B1E
o

concentrated on the third third of the French-operated side. In this section, the flows before
the fire were

Ve lffEole, ZDEI ¥ a yTOAKUMORREZXLAHH?M 25 mY/s/km T, HK
A

about 25 m?®/s per km for fresh air and 15 m*/s per km for exhaust. After the start of the fire,
they

# 15 m*/s/km T o 1o, kS LAH OB RITESANRH 50 m¥/s/km, BEK A 249 44 m/s/km
increased to about 50 m®/s per km for supply and about 44 m?*s per km for exhaust. The
exhaust did not

KHMLE, ZO220075—ATRELLLHEIRER L2V bR, ELT,
match the supply, in either of these two cases, and could exhaust only a limited amount of
smoke.

RONTELUPEHTE 21,

It has been previously estimated that the longitudinal air flow was about 1 to.5 m/s toward
France at the

KRERELIL LTy 7 OB TOMMERIZ, 77 VAFEICH 1~15mis ol &
level of the truck that started the fire. Due to the continuous fresh air supply over the tunnel
length,

UBNICHEE SN TS, K E20 HoTieahofe, PUrRAVEEICOEDERELE

which was not balanced by the exhaust, this air flow was accelerating with its progression
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toward the

HIBBITL DL, TOBROFENIZT T RTHE D> TEIFLMEL TV o,
French portal. Without accounting for the thermal effects that later increased these values, the
simple

ROREARAERVEMARHATIX, ZE0Mh, Thicfk> Eoftnix

calculations mentioned above show that the air speed, and therefore the smoke, must have been
as follows,

KEDIE TR DBELVASMZED, UTOL S ThokizB AN,

with the ventilation levels used after the beginning of the fire:

- from 2 to 2.5 m/s (slightly less before the fire) at the level of rest area 19 (located closed to
the middle
HEHEHE No.I9DNE (FF vy 7 B3R 2k, PO RAPRMAFEDS 100m iTLBETS)
Tk
of the tunnel, 100 m after the last burning truck)
2~25m/s THDH (KKDETL D DFHhITBW)

- from 3.5 to 4 m/s (2.5 to 3 m/s before the fire) at the level of rest area 9 (in the middle of the
part
BEHEH No9 DR (77 ARHIC K 2B EGMEBEOTRES) Ti
operated by the French company)
3.5 ~4m/s THBH (KKBRTTIX 2.5 ~ 3 mfs)

- from 6 to 6.5 m/s (3 to 3.5 m/s before the fire) at the French portal.
77 ARMAYVATIEG ~ 65m/s THD (KKATTIE3 ~ 3.5 m/s)

First, it should be pointed out that these speeds are higher than those at which most people,
even in good

BOIZ, TNODAE— FIIMBERALBHIERELBETEIAE—FLD HBFEN
health, can flee over a certain distance. Then, it is worth noting that these are the speeds with

which the

NI LICEBTREE. FALL UTOZLEERLTBK ZLITREERD S,
smoke traveled while exceeding the range of the obscurity sensors:

Thbb, ThbDAE— FRIENEREHOHDI VUV VEBIATBHLILLEDOLD
Thd,

- obscurity of 20% measured at rest area 14 at 11:11, at rest area 9 at 11:19 (or an advancing
speed of a

SEEEE 20%03 11:11 [CBXEE S No.14 TRIE E N7, 11:19 [ZEEH No9 2 2DOBRE
#H

little more than 3 m/s between the two sensors), at rest area 4 at 11:25 (a smoke speed of a
little more

BT 3m/s LEDES CATET ), 11:25 ICBEEH Nos (SEOBEH TIX 4 m/s
than 4 m/s from the preceding sensor).
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UEDEBEBOERETH D)

4.6.2.3. Effects of the Fire Development
KKDERDRER

As previously indicated, it has been extremely difficult to reconstruct the development of the
fire and

DENCHEMLAEY . AKOERSHIIHROBHE, EoRBE2ERETIZ Lixsk
J

especially the dynamics of heat and smoke release.

LW,

For the smoke, it was first estimated that, when it was not stratified, the release volume only
. slightly

WO, ERBITRoTWVWRVWEEOBMEBERDLTHET. PURAVRNEBBITERE
DE%x

changed the volume of gas traveling through the tunnel (with the condition, of course, of
allowing for
BEZDZLEWILISICRAMb o (bHAAZTNBRAOEBRRITIELTTHS),

heat dilation). Actually, combustion gases do not take up a much larger volume than the
oxygen being

BEC, BREICIVAELIEEREDREZBRORIL VT o LB iT@RRLR Y, FL
<.

used, and this does not represent more than a fifth of the ambient air volume, at a maximum.
Therefore,
CHIIRRTHLERLEOERD 1/5 U EIZZ2 bR, Thew i, RHEhER
whatever the volume of the released smoke, it is the longitudinal air flow that governs its travel,
and not

EABRBTHEOBIHAEL— FIIHMMEBENXEL, kKOBEIIREBE EhBZ Lith
AR

the characteristics of the fire.

The longitudinal air flow speed helps explain that, in the French direction, no more than 10
minutes were

MMELKDOESIRT7 TV AFEIC AKERELL FT v 7 LEHEH No.18 O 900m
z

needed to fill the 900 m length between the truck that started the fire and rest area 18 with
smoke. This

BTHEMITDIDICIONTTERLNIZ L E2HRAT S,

speed depends very little on the size of the smoke release. On the other hand, the composition
and thus

COESBBEOKRHY A XICIBRLALEELRZY, —F T, BT H3ZERLEOREY
D,

the obscurity, the toxicity and the temperature of the traveling mixture of air and smoke are

132



directly
WER. ERE. B, BEX. BOER, #4 A ICEBIZEERT S,

related to the generation and the type of released smoke.

Since the smoke characteristics in various areas at the beginning of the fire and their evolution
are not

KROPIIZBIT D EEXERBHTOREDOKE. BEI I HOA TR LT,

well known, it is hard to learn from available observations the released quantity of smoke and
thermal

AFTELBERRAPOEOBHEBERLKRELMD = LITEER,

power.

At this point, it is only possible to give the maximum limits of the thermal power, based on the
available »

CORRTI, FIACE3BRRBIIESHBROBROZREZDZ LR TE S,
oxygen volume. In fact, in an organic material combustion, very common with vehicular fires,
the

REFECHBOBBIEARICH T 2HBYOMRE T, BR kg DRI 13.1MI D
burning of a kilogram of oxygen corresponds to a thermal energy release of 13.1 MJ
(mega-joules, or

BBRICHYT 3,

millions of joules).

At the level of the vehicle starting the fire, the estimated longitudinal air flow between 1 and
1.5 m/s

BBENAKEZRODELVALVCHAEINE 1~1.5 /s DB OMHLERIT. BREREI
LT7

allowed a maximum thermal power between 75 and 110 MW. These are values that assume
that no more

5~110MW IZH% T 5, ZZTRAKEEZBBRTIZRCEENIBEBEORK 12 K

than half of the oxygen from the air that crossed the fire area was burned, which is likely. At
these

RELILARENTEBY, ZThixRYTHB,

combustion speeds, the fire duration for this tractor trailer would be between an hour and a half
and more

ThoDORBEEEIZINT, EF PL—F—DRXTWItRMIZ, #EEZ# 600G &
than two hours, accounting for a caloric potential of about 600 GJ. It is worth noting that, in
regard to the

HETSE 1 KE¥E~2 BREOMTHAS I, UTOZLE2EBMHLTH Z LIXMEHEMNH
%,

thermal power released by the first tractor trailer, the supply through the opening of duct no. 5
at the
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Thbb, ROOES P —F—BRoBRABICEL T, BEH No2l OXH#TO
ceiling level of rest area 21 did not have a significant impact, because it was upstream of the
truck and

7 FNoSHR O 2B LIAKOHRBIZ. +AREBBHEH o TV RM o, RERS,
had flows of up to 10 m?/s, compared to the 50 to 70 m*/s brought in by the longitudinal air
flow.

MEIXPT y Z7OEBTHD 10 m¥s EofeDizxt LT, BMEKIC L DAL 50~70
m¥s ot b7z,

The same type of reasoning could be used for the group of vehicles between the truck that
started the fire,

RMULBEBROBDLEZ., AKEZEZILEE¥ No2l TEELEINF vy 7 &, BEBICA-TE
T
located at rest area 21, and the last vehicle, located 100 m before rest area 19. It must
recognized,

HEHF N I9ODHICTERELAEI S vy 7 OMOBBEBICESTHIE Doz, LAL,
however, that the ventilation conditions had definitely changed: this will be an issue to be
discussed later.

BRORABZZ-E Y LEDLoTVWRILERBLETAIERLR Y ThiZTkiCHRK

e D)

With the disputable assumption that the ventilation conditions were the same, there were
available in this

FEBIZR2EA), BEKORABRBLE LW BROKMD H S8 T,
area 46 to 70 m?®/s brought in by the air flow coming from rest area 21 in the direction
Italy-France
EEHHE No2l & 2 FREFNFEAMFTONATVBFZ F Nod iIZL o T, HEBEDOTHOHt
wEhd
(assuming that the oxygen was not already burned by the fire of the trucks which had entered
from Italy
25mYs DAKERRIZ, 2O YT TA LV T>T7 5 AFATOEER No.2l HHK
<
and stopped between rest areas 22 and 23), as well as 25 m3/s supplied at the base of the side
walls by
46~70 m*/s DEKDFHN (A FVTHO P RAMCADVBEER No.22 L 23 DM TLEE
27
duct no. 4 and 10 m?%s provided in each of the rest areas 21 and 20. In these conditions, the
" maximum ,

P9 I7DKICE>T BREBEERIATHWRVWENWIBET)ZERWVWIZ LRTE B,
possible power for the entire area where the vehicles which had entered from the French side
were, would
COXIRRATIE, FATEZIBRRORKEOEGEBRELLLARENTEY,
be between 150 and 190 MW, still assuming that, at maximum, half of the available oxygen was
burned.

Z3VAUPOA-TEBHEOLT Y 7 TORKKBRIT. 150~190MW OIS H &
At similar combustion speeds, all the vehicles in this area could have burned in 7 to 13 hours, -
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which

ENTWie, FURRBREA L —FT, TOTYVT7OLEBER T~I3 BRI LN
T&,

clearly shows the conservative nature of these estimations.

INOLOBMBREZDRELEAS LENRTVE,

It should be noted that gases from overheating the vehicles and their cargoes, without burning
due to the

MBUIZ XY EREORBENOREL LV AT, BRAR THIETE FICEEEH No.19 %
lack of oxygen, could have progressed beyond rest area 19 and burned farther away, when the
oxygen

B2 THELR, PRVEBES CHREDOTTOAKOBBIC L VBRBFIATE L &,
became available due to the supply of fresh air at the base of the side walls.

RATeZ LITEBETREE,

4.6.3. Spreading of the Fire Among the Vehicles
BEIBEAKDENY

The question remains as to how the fire was able to spread to such a large number of vehicles,
some of

KRB, BEWZEERDD, ZLOEICEDIHIITRIIEN DM

which were distant from each other.

BREDEETHD,

4.6.3.1. Vehicles That Burned
HORZE

Two groups of vehicles can be distinguished, on the one hand based on whether they entered at
the

HZ2O07NV—FIRFTHILRHKRD, —FREAOBTZFIVADAY AN F
V7D

French portal or the Italian portal and, on the other hand, the ATMB vehicles:
AVODPDBASTZDONEIMZESNT, bI—FHITATMBODETH S

- Vehicles entering at the French portal behind the Belgian tractor trailer (PLO0):
RV —DEF FV—F—DETITVADAYOANDA->TELE

26 vehicles which burned were found behind the Belgian truck, including the truck: 15 tractor
trailers

RNVE—DFT O IDEHAIC, PT v 7 2EDT20DRATENRROPok I P —
F—¢

with semi-trailer and/or full trailer, a pickup truck, 9 passenger vehicles, and the SITMB agent's
FNVPV—F— ZELES M —T—NRISE. LB IF v 7, RAEN 9 A, SITMB
motorcycle. The distances between the remains of the tractor trailers varied from 3 meters to
almost 45
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HEBDOF— "L, RABOTLES M —F—bOMBIE3m» b 45mETD

meters. The passenger vehicles and the motorcycle were interspersed among them. All of
these remains

HEATEDL o, RAERI— M A BEALOBIKAELTCWE, ZhLDTRTH
were located between about 100 meters beyond rest area 19 (in the direction of the traffic) and
rest area

BEELHF 19 ORTH K 100m GEITHMENIC) & EHEH No.2l DMICHE L TWi,

21, i.e., over a stretch of about 500 meters.

TiRbHH# 500m OHBENIT,

- Vehicles entering at the Italian portal:
AZYTODAYVANPDA-TCE&BBE

The eight tractor trailers that burned had stopped between about 100 meters beyond rest area 23
(in the

MATC8BEDES FT v 7 ITEEH No.23 ## 100m (FF v 7 OEITHRAI) Z 2
B &
direction of their route) and rest area 22, i.e., over about 200 meters. The distances between
the vehicles
BEEH No.22 OMTHEIELE, T¥2b5#H 200m OMIC, BEBHEBOEREIX 2~/ 20m
L,
varied from 2 to almost 20 meters. The closest to the Belgian truck was 290 meters from it.
It should be
RAVE—=PFF 7 IZBHENHDOT, EINH290mEofk, M7 v 7 DEKRTESE
recalled that the passenger vehicles driving behind the trucks had made U-turns and that the
tunnel
BRERLTWERERZ U - Ll PrRAMFRV—F —REEH#H No.22 &
operators had backed up the first tractor trailers to free up rest area 22, which brought the
vehicles closer
BERTDIEDIC—BEHDOES M —J7—%#%B&Y, BHERLTOMBEE LVIESIT
e i
together but distanced them slightly from the Belgian truck.
NRNF—=DF Ty 7 P03 bTNCERNBT I L ERVHTREE,

- ATMB rescue vehicles:

ATMB O BhE

The ATMB fire engine (FPTL) stopped shortly before rest area 18, and the rescue vehicle (PS)
shortly

ATMB {HB5E (FPTL) IXBEEH No. 18 O F Z LATTILE v, WBIE (PS) IZEEH# No.17
D

after rest area 17. The former, located 450 meters behind the last tractor trailer entering from
the French ‘

TILRTIEES, B, 77V ZAAVOPOREBICASTERES NI I70
side, also burned.  The latter, stopped 230 meters behind, was greatly heated up and damaged,
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but did not
TR A4Sm LB L, BRA, BEFIX, HBFEOHEH 230m TEIEL, L THLHLI Y,
burn

HEOWNWTENR L o Tz,

4.6.3.2. Ways by Which Fire Spreads
KDIEBYFH

A certain number of causes can lead to the spread of fire from one vehicle to another, or from
one group

HIEBHENLINOBEHES, bHIABEOIN—TDLHD TN =T ~DKIZIERY
FiTix

of vehicles to another. This report will mention those that could have occurred during the fire
of 24 to 26

WS ODPDORERSH D, TOREBIZ—BRAOREITCOBERIFHFICH & I3 REEMN,
March, although the numbers should only be taken as orders of magnitude, giving a general
idea:
IDVR—FTIE3A 24~26 BOKKPIZEZ o Z LIZOVWTERTE OBV,

- Flame and radiation

® &

The fastest way fire can spread at short distances is by flame and thermal radiation greatly
heating the
KRPBENEHEZENRDDOITREDFEL, REBHHICL Y ABEORTEEHL,
surface of another vehicle and leading to its catching on fire.

BHERKERBZLTHB,

- Convection

PSR

Heat may be carried by convection or by movement of very hot gases. This convection usually
oceurs in

BIIHB L EAREOBHEICL > TEEINE S, ZORFEXEVTH
the direction of the tunnel air flow, but it may happen counterflow, under certain conditions, as
has been

FURNBRKOBNZ FEICEE S, LML, 38 24 B 11:05 LA ATMB O %{H B 2
testified by the ATMB patrolman when he came close to the fire core shortly after 11:05 on 24
March.

KEDOPLITESNW L EDEEICL DL, HIFGETTRERLEZY 25,
Materials catch on fire most often by self-ignition generated by the thermal fluxes they receive.
HEIIPMTHERIINDIBERBRICL 2T, LIELIFZAIRESL,

Numerous polymers, present in various ways in vehicles, start to decompose from 200 to 300° C.
Some

BEEOPIZHRL AR CHEETEIZEDORY w—»3, 200~300C THE LD B,
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of them, when heated, produce gases that are easily flammable by a spark or an open flame
starting from

BLONIER, ZROD I BN OMITATED L < IZHBA T 300~400C THIBICR AT
b

300 to 400° C. Even without the spark, the same gases can self-ignite, starting from 400 to
500°C. Truck

HAERET D, £1B3ReH T2, ALEKETKIERLTYH, 400~500Cic2 3 L B
PRFE K

fuel may itself be a spreading agent, due to its relatively low self-ignition temperature (260°C).
T&%, FI v /ORI EOLBMBEVERRKEBE (260C) OHIz, Fh B &M
KKEIRT B

TR BB LR,

Moreover, an electrical fire can occur if the heat creates short circuits in the vehicle's electrical
equipment.

oI, RTENOERRKNIC a— FEBELEZDL, BRICETBAENES 3,

One particular way of spreading fire by convection is related to the "backdraft" phenomenon:
combustion

HIMIC K > TREBIEN D L & DEBERFEIT, “backdraft’BLRICEE L AL ONH 5
lacking oxygen, as certainly was the case during some periods of time, can produce unburned
gases that

HOIBRMAIL, BRRAREOBREERE OV TTRETZLRIEY R 2 ERT B,

are highly flammable. The cloud thus formed is drawn by the ventilation air flow and can
violently ignite

COLTHEORETRIRRELKOHENIZLE > T EFRELAT, EZERRI RN
B

whenever air mixes in. There can also be a sudden ignition of the cloud, i.e., an explosion.

BLIBRXWEDD, ELTOVTRAIRRBET 20 LRy, T2bbERE,

- Burning liquids

WRBE R &

Fire can also be spread by a burning liquid that flows on the pavement or in the drainage system.
Some

KIIRBEBREPEERCHEAKEEZRNDIZLCE>THEND, £0O L5 REEHEICIX

of the likely liquids are diesel fuel, margarine, and polyethylene.

T4 —ENVERRC~Y—HV v, RV=FLodbd,

- Pavement combustion

SHEEHE R DR BE

Another possible way of spreading fire could be the combustion of the bituminous wearing
layer covering

KBRIERDHOFEIC, BEREB-o TV HIEFHEBORELH S,
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the roadway slab. If it is clear that the bitumen can burn, and it burned in certain areas of the
roadway, it

BEIIRZ, EBROHIFEBTENARREIZZ LIZHALMLES, TANERD
is not known at this time in what conditions it can spread fire when it is used as roadway
pavement.

MELCEDIIRIZ, CARRRTABRIENZONRALNA TR,

4.6.3.3. Likely Ways the Fire Spread From Vehicle to Vehicle
EPrOEIIARENDZIDIZRBZIVES T L

The progress of studies to date is still not adequate to ascertain what were the actual
mechanisms that led

KDOGEZEEEIIE, BEFEBROTHINEL+HALMICRo TR,
to the propagation of the fire.

The flame and the radiation may certainly explain the fire spreading from a truck cab to its
trailer, as well

by 7V DEBREMPOES DE~N, TNERBIZED DL —F —~ANER>T-DITH
&

as to a nearby vehicle. The convection-related phenomena may have caused the ignition of all
other

BHICLoTHRAZI R I LALRW, RAX— T o 7 DEROELTOETHREEL.
vehicles behind the Belgian truck and backed up over 500 m behind it. But propagation by a
burning

ZEDHAIT 500m FF L e Did, HMIZBEE L ZRHROEWMLH LRy, SbiT,
liquid spill is equally possible, at least nearby. The case of the ATMB FPTL is perhaps more
complex,

TR ELMETRBERIENEZ LIZIZRIENYOFEELRRICH D,

but appears not to relate to anything other than convection, i.e., backdraft.

ATMB HHEDOH AT L VBHETH DM, Hfi72b b backdraft A DML DI,
BE A B TV,

The most difficult explanation is the one regarding the ignition of the eight trucks that entered
from Italy
BLRELAEERILIE. A FYVTHbASTEL 8 ED T v 7 A, 290m ODEDIR
WiERT &
across a 290 m long area free of vehicles. The 100 m long area ahead of the first of these

vehicles is

HEATRELELZLTHD, CADOEFEDHDHN 100m =Y 7 Tix, XFORSE
yiH]

remarkable for the minor damage to the ceiling (cables and light fixtures are still there), while
the areas

BN NE o (F—TNRTFA FOBRBRIEER-TWVWE), —FTEDOZYTD
ahead and behind are very damaged.
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Hi%IZ & THREP O Eho i,

If propagation was by convection, it could have been a layer of smoke traveling at a
temperature high

HbLHMIZED (KKD) MRBHoELied, FFvID3bD 1222 NG
enough to ignite one of the trucks but insufficient to cause much damage to the ceiling or even
to
TOOR+/RRMEDBEETEH DB, XHEREM~ZRKLBBEL2ADEI IR+
S

equipment. It is also possible that a spill (of margarine, for example) developed from the first
two trucks
BECHEOBOBHNRboZ Lichd, Ml (HXiE. ~—HV YY) BBELL 50,
100,

over perhaps 50, 100 or 150 m (the slope is gentle:  0.5% toward Italy). The fire from this
spill (with

FLF 150m ZZAXATHRAD2ED I v IDF~NER> T o= REME G H B (HH
¢

relatively high flames) would have destroyed the equipment and the pavement in the "very
damaged" area,

WHERNT, 1 FZYTICA»P>T 05%), ZOFMBITL DKM, (HBEHFEVET) &
272

causing a spreading by the pavement fire (short flames) to the level of the first tractor trailer of
the group

REOTZ Y TIZT RV RNVOEHPEREZELEZDESH, T LTEL- DAV —T D%
CE()

(PL-1). Another hypothesis could be a burning liquid flow or hot gases traveling through a
ventilation

B P —F—DUB~NUNSWVWED) BEOARITL o TER- T, BERITENTLY |
duct.

BRI 7 PEBLTRIBBHLEZLOMNOERERGH S,

4.6.4. Comments on the Ventilation Procedures Put Into Effect During the Fire

KRPTOBRIITHORBOMED

From all this, the following statements can be made.

IOETHL, UTOBREFEMN 2 bhi,

The fire procedure for supply of fresh air requires full levels in the entire Mont Blanc Tunnel,
including

FREREHBITIAKRFIREZ, KRV TE2FDLEVYT I PRV EFIERRLAN
VT

the fire area. This was done. It has been noted that this procedure had changed since the
commissioning

YBELETE, LTI 2ENE, FRABEAINBEDTHLZOFIEREDL-
TV =
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of the tunnel (initially, supply air was not provided). In fact, it is normal to supply fresh air to
help people

TLEERLTHBL (ABYTIL, #K2Lahok), ZEBE, AKT YT AL RS
who could be in the fire area, but too much supply churns up the air and mixes it with the smoke
pushing

FREERDH Y, ThERT 2O HRELLEKTIOREETHS, LOLAED
ERIX

it far inside the tunnel and feeding the fire.

ERENERE, HLEAL. ThE M RAALORAIANFLRY, kKEKEL L,

2

It is also generally recommended to have the supply air partially, rather than fully, open.
FRRECHRKOERT DL BOMICELI2/BT IR —BHCHBSh TV B,

The exhaust procedure in the case of fire calls for a maximum exhaust in the fire area.

KRBOPKFIFETIIAKRZY TR TRRKBOUKESVEL TS,

This was not done on the Italian side where, on the contrary, the operator configured for
maximum supply.
LHLARL, A2V THTRARV—F—RBRMEEKEZRRKICLT, ZhELah
27,
He had seen on the CCTV at rest area 22, 300 m east of the fire, vehicles making U-turns to
return to Italy.
BT KK D 300m HOBEHEH No.22 D CCTVIZ L > THENRA YV T HFREICZU ¥ —V
He declared that, after observing the situation, he sincerely thought this is what he needed to do
to save
LTLKB3NDERTWE, ZORREZEBELEELT, ZhABRERI LDICLERTE
¢
lives. Later, at 11:13, a short exhaust command was attempted in the presence of his
supervisor, by
RLRREXTLEHELE, B0 1131, EP LK THETIRMBEEALLS
o
simulating a fire at rest area 20, with the participation of a technician from the company which
had
EMELLTEMLTWEHEO LTI ZOBICABL TV T, BEEH No.20 ETERAT
&7
installed the equipment allowing the extraction of smoke by concentrating exhaust. It lasted
only a

(LR XT) KRHLTEVRHOEIA|SET L, ThR3DTNC 127K
minute. Another attempt was made between 12:29 and 12:40 by simulating a fire at rest area
24, The
i b, BEE# No2d S TRATEARKITH LT, 12:29~12:40 OFICH ORHA
yab3
managers of the Italian company confirmed that the smoke extraction equipment was in good
working

Tbhic, 12V 7E&HOBEHIT. HFERMI I BT L emEHS
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order and that it was, in fact, a voluntary decision on the part of the operator and then
eventually his
FHEIORBLIEDIIARL—F—RPEOLFOBREMNRRETH D LA LTV,
supervisors to supply fresh air to save lives. It must be noted that, according to Italian
personnel

A7V TRAOHBEBTBITL DL, 1229 COHKRORATHEAFITOAY QIZNMET
%

statements, the exhaust attempts, even that of 12:29, did not lead to smoke arrival at the exhaust
stack of

#7 b No5s DHRBE TEIZBBLAEN oLV ZLIRERLETRIZR G2V,
duct no. 5, located at the end of the Italian approach. Perhaps they did not last long enough
for that.

BELL, BORENHNET IO+ RMEE. BEEZRTRhoDES S,

Although it is not known to what effect the short exhaust attempts were made, the task force
does not

COENHERKORATOHRIIMONATHARVDE, HIEBRLRIETLEELLRAY YT
b}

doubt the good will of the staff who thought this was the best approach.
BREERCEILLEBVWERERE > TIIWARWY,

However, this was against the procedures designed for such situations. Moreover, it is
indisputable that

L2l ZTRHEEDOLIBRRATFESHLTVBITHICR LTS, EHITAKMN

this contributed instead to feed the fire, and helped destratify the hot smoke and push it toward
France and

ERTHIDIZHFEEL BWERT TV RLA VT HEICEL DR IT =2 LIZAATE,
toward Italy.

At about 11:45, five Italian firefighters, who had entered the tunnel, took shelter in refuge area
24. They

11:45 THIZ b RNV D A>T 5 ADHBE LD No2d4 DBRES = V& —IZoW e,
would be eventually rescued through the reversible duct which supplies fresh air. This would
not have
FEHIZVOPRFBELKEH/BE L CWERFERF 7 ML oTHITBRBES ),

been possible if, at that moment, between three and four hours after the alarm, it had carried

exhaust air.
BH®E3I~4 BEREIKBITORATWEED, FOLEXINANTTE TR o7,

4.7.  The Role of the Other Systems
oy 2T b DOBRE

4.7.1. Electrical Equipment
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Very quickly, that is from the first minutes, the lighting equipment was destroyed in the fire
area; besides

KRBIEE > TRODOESHIC, ARV 7 TRARBHRER: ; T0 L, HIZL2H
gL

the difficulty caused by the smoke, the lack of lighting probably increased the hardship to
motorists,

RADARRIZ I - TEEFORFEIMLELAES, —FZORMEHRBERELDIC, O
AR A~

while the destruction of this equipment resulted in short circuits leading to the progressive
shutdown of

N =g L TWEEREROFELEESEBI LEva—MBEZ o %,

electrical circuits affecting power supply serving other equipment.

This is what happened to the fire sprinkler on the French side and the exhaust dampers on the
Italian side.
COARTZTVRAPDARTY 7 T =4 2 ) TROHK T v R—ICBE L TH B,
It is clear that the tunnel electrical equipment does not have automatic redundant systems
necessary to

FRNVERBREIX, 7240 - E—T7FT—FRELORR CHET IBICSEICLS
TR

function in a failsafe mode or in difficult situations and that, generally, the safety equipment
(such as

VAT LEFOTVRY, ELTRLER (RT7V VI T —RHEKY v -0k 7)
s

sprinklers or exhaust dampers) must be able to function and should therefore have a viable
electrical

BETESLIITL, MUBREBEOREZLIIALNLTH B,

system.

These issues must be carefully studied again during preparations to recommission the tunnel,
then verified

FARNVEBRTAEOOHRBEHEIC. ChonME2BFCHEEBEIHEL., 2hhb

on paper during safety studies, and finally tested in real life during site drills.

ELWEEZEBELC TN LTEID, REBECAFIHCERICRIZTNERLRY,

4.7.2. Traffic Signals
REfES

In the tunnel, there are traffic signals every 1,200 m (at the entrance, then at the levels of rest

areas 3, 7,
PR MZIR. 1220mBIZEBERXDD(AVO. FRLOH X ITEEE3,7,11,15 DLE),
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11, 15, etc.). According to the testimonies received, these signals turned red in the
France-Italy direction
RIBMOLEETITLDE, 77V ADAFYTHFATIE 10551, A FVT>T7F R
% 1)

at 10:55 and in the Italy-France direction at 10:56. There is, however, some doubt as to the
effective

T 10:56 KINBDREFRIRICEDE, LML, ZLORL2EBEIH VTV IRE
<

functioning of the red lights, even if the command was actually given, because there is no
reliable

BERLEFEI AT LIBRNEDIT, RLZBRIHGENBELONTH, RESH
recording system for the working conditions of the major safety equipment. The traffic lights
at the

MRADEEEZREZL TR ILREVLTWL 21 0RMBH B, FrEAMIZT
French entrance to the tunnel were indeed working and at least one motorist saw them, but there
is doubt
Z7I7VADAYAEHIBERERCHNTEY, 22 Lb 1 ADEEENETIER
.

as to the functioning of the traffic lights in the tunnel. If, in fact, the lights had turned to red,
some

LL P RVHADEZOBEICOWTIHEMMEH S, b LEBRIZEESNRRIC

motorists could have run through them either unintentionally (the lights are not very visible) or
in

EboTWke LT, MAPOEGEFRIEREROI BIZ (ZOEFRLETHR XL
W),

thinking that, in the absence of visible danger, they could do so without risk.
BLARBRAZDZERELZVWEDIZERLRVDIZAVTND EELTWVWS S bIT,
BYBETLES,

On the other hand, if even one motorist had stopped for a red light, that would have required the
vehicles

—F. bLREETIADEEFTHLEE-TWIIE, ARKZOROELELET I L
L9

following him to do the same and, several minutes later, the stopped vehicle or vehicles would
have been

TE, BOBRICBELELEZER, PRV ERAET HHRD Mr. Roiget T > THEYHE
b qh

passed by Mr. Roiget, the Italian operator, who had departed to inspect the tunnel, and the
number of

BEZOEIIZTNIHELTEASLTWEES S,

victims would have been reduced accordingly. As that did not happen, there are only two
hypotheses:

EThREERPo=DIT, 2O0DFEBOABEET D  EBEFELRREETHLPIC
either the motorists ran through the red lights, or else the red lights in the tunnel were not all
functioning.
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ATV D, R F A XNVOREBERZE oL BRL TV RN o0 hD LD
b2, '

4.7.3. Refuge Areas
BERERT

Since the opening of the tunnel, there have been 6 closed areas which could qualify as refuge
areas. But

RYXAVDAY OND, BEFRLLR2END 6 DOBLEEFTRH o1,

neither their fire resistance, nor their ventilation, nor their interior equipment corresponded to
what can

LHL, ThHIZIEMmAERE, BEARM. NUOKRE L Vo mBETICLER

really be called refuge areas.

bORRIo T,

After the serious fire of 11 January 1990, the two companies installed 18 real refuges, located
in every

1990 1 B 11 BOBRARKKDE T 2200 H1X 18 y FTORY OBBFEHA L7z,
other rest area, every 600 m. It must be noted, however, that, on the French side, these refuges
are at the

CHIIEEHE LTI 128X T60mHRTHD, LrL, ZhdOBEEERIX

level of the odd-numbered rest areas and, on the Italian side, at the level of the even-numbered
rest areas;

Z77VAQTRFROBERFILIZ, 12V THCRBEOREHF L cRTOAEE
D, '

thus there are two consecutive rest areas in the center of the tunnel without refuge areas,
leaving a length

MRV PRTITBBEFRE LS 00mBENTLE s EBERShRIEIR LR,

of 900 m without a refuge.

The refuges are supplied with fresh air by the ventilation ducts, are represented as fire resistant
during two

BEFRRIBR Y7 Mo THBMEBINER S 2 BE OB XIS X (2 BRAGKHEY),
hours (2-hour fire rating), and are connected by telephone to the control rooms. These shelters
played an

Ay b= =L EETORE>TND, TAHDYV 2V F—IREEZRI DI
essential role in saving the lives of the firefighters and operating company personnel working
inside the

BOWHBI P ANVATHEETIEBLLLEOANMOMERS 2L &

smoke-filled tunnel to rescue passengers. On the French side, refuge 17, where 6 ATMB
personnel found

FEHREHLLTVWS, 77 A[TIX. ATMB OFER 6 A M ROiF =BEBERT Nol7
(=

shelter, protected them from toxic smoke and heat for nearly 7 hours. On the Italian side, the
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firefighters

FERERCREL TREESBWE, 44V 7RITIX, RERICHEB L 388 No24
similarly took shelter in refuge 24. They were protected there until their evacuation.
Unfortunately, it

VNV F—IZE W, EODBEETENDL EBVE, FEICH, SITMB OREZET
wasn't the same for refuge 20, where two people, including an SITMB representative, died. It
is very

2AMBET LIBERER No20 HEIL K S iICW R h ol e 2 Th b OBERERR A% 4 By
i .k

likely that, even if these refuge areas had been fire-rated at 4 hours, their deaths would not have
been

TETWTH, HODEILBIT OhiehoEb ),

avoided. In fact, the fire burned for more than 50 hours.

RER. KL 50 B LL BR80T 7=,

The problem of locating the refuge areas, given the lack of visibility, must also be noted.
They are

HBEO XM L 7 BT OMBREICLERTREE, ThoOMER

indicated by a lighted panel above the door (the refuges on the Italian side have two doors),
carrying the

R7 (A2 VT OBERICIIRFTH22H3) OLED, "refuge"t FEhh (77 A[T
e

sign "refuge" (in French on the French side, in four languages on the Italian side), and by
graphics for

T77VABT.AZIVTRTIT4 VEFBTHIAN TV D), "extinguisher” & "telephone" D
"extinguisher" and "telephone". In the conditions of poor visibility due to the smoke, the
panels above the
BRBEIPNTHIERRICEL > THFRERD, BLIVRARBBVRRETR, F70L
D

doors were probably hardly visible and the exterior appearance of the refuge with the light
visible through

EBABRIIBEOKIELAERARDSREA), TLTREANRHTER TR E I EE
o

glazed windows differs little from other technical rooms of the tunnel, which are neither
protected from

ABII P U RNVOMOEWMEBELIZFLALEDLRY, ZThADLOHMBIIANLTFLATY
®<.

fire nor ventilated.

BERLIThbh Ty,

Fresh air is supplied into the refuges by a direct link with one of the ducts on the French side,
and by a

BEFM~OFBERO/BIIT7 T AQATREY 7 OS5 b0 1 DN HLHEHBETLATE
9.

local ventilation system on the Italian side. This results in a real constraint in the operation of

146



tunnel
AZVTRHTRRANRBAS AT LRSS, ZOLDITAKOE., P rILBEOH
fEAS

ventilation in case of a fire, since it is necessary to assure a minimum flow in the fresh air ducts
to assure

BHBIND, TREIAPBEBITICVIH, 2RV EIRBICEZ~O+SRER
z

a sufficient supply in the refuges when people are present or likely to be there (flow greater
than half of

THEDIZ, FREKDOY 7 P CREBROTNEHETILERHENLTHS

the maximum, on the French side).

(ZF7VARTIX, ZOHNIZBRRHEROES LI VZ W),

4.7.4. Safety Corridors
£ corridors

Generally, a safety corridor parallel to a main tunnel can serve to evacuate people in danger and
facilitate

—RIZ, EEPFUCRNVICFEITLTH DEL corridor IXERBICAL NBETEZI LI
LY,

access for emergency personnel.

BEVEFTRERLLTE-2Y TE 3,

The Mont Blanc Tunnel does not have any.
BT VP RNVITEREF TR,

With regard to the evacuation of people in the case of this fire, it has been shown that the
majority of the
SEOAKTOBBICHAL T, BEFORZENEORIIRIBIA TV LA
victims did not leave their vehicle. They apparently did not attempt to reach an emergency
exit.
FRERTWSD, HEOIFFALMTHEFEAHDIZEI Y L LTHRY,
Therefore, they would not have been saved by a safety corridor. The victims who did get out
of their
Fhwz., HHIXEL cormidor L X o THbN AN oESLD, BEHT M RXVAT
vehicle and died in the tunnel did not enter a refuge area. They were surrounded by smoke and
in
T o BEE ITRERTIC AR o, HOREICRYVETh, WROFTH T
darkness (the lighting was out from 11:01 on). They must have simply tried to flee via the
tunnel. Itis

(BEAIZ 1101 ICEA T W), O IRBEMIC P AV 2B THELEL S L LTV
likely, given past experience noted in other vehicular tunnel fires around the world, that they
would not

LRV, bLESIKHRTOEBHEAKOBEDORENE X2 DA TV,

have reached an emergency exit without having been led there by qualified personnel. On the
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other hand,

BREZHEOSOMBORARL CHERHDRBEIS L Lghok®Ed5, —F.

the 2 victims who died in refuge 20 could have without a doubt been saved, if it had been linked
toa

b LK 2 corridor. 272 28 o T\ e b GBEERT No20 TT< 2o 2 ADBBBITE WA
<

safety corridor.

BidroTWnWkiEsr 5,

The 1981 internal policy circular requires that, "if a pedestrian safety corridor cannot
reasonably be made

1981 FONMBSRIIUTOZ L EERLE “b LHTEER DL L corridor. BFIF T &
b

available, then;

2HIX, EDLE

- either provide refuge areas at U-turns,
UZ—TEOBHEFRZOL DD,

- or provide fresh air ducts for the purpose of using them for the evacuation or shelter of
passengers".

BEFONL Rz VI —HDALDEDDOERELT S F o<,

Refuge areas were therefore chosen for the Mont Blanc Tunnel (every other rest area). They
were not

ENWRITEYT T PRV TIIBERSBEN: (BEH 1 o8& 1), #8EAD
connected to fresh air ducts for the evacuation of users, probably because that would have
required

FHEKS 7 MRORBLRP o, BELL ZNKIZ MRV ERERET 3D OB
significant rock excavation with explosives and an extended tunnel closure.

RHAOND+BREDEIB R oTbIES D,

On the other hand, the reversible supply/exhaust duct may be used, but only in difficult and
uncertain

—F5. REVMEBTIIERFHENSRY, L FREMRRETIET ., F/HEKF 7 b

yi}]

conditions, as a safety room, as long as no smoke is exhausted at that time. On the Italian side,
this

EbhadrbLlhRRw, 4%V 7T, BEEH No.24 OBERTICH LAY b iciHEs
+o

allowed the evacuation of the firefighters trapped in the refuge area of rest area 24. On the
French side, it

BWERICZhAXEDRE, 77 A TIX. Chamonix D HPF LT % BT IT & 7= Captain
Comte ®

allowed the partial progress of Captain Comte, who came to rescue the other Chamonix
firefighters
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HOMRMEDBRIZEDLNE, LML, HOOBEITIIRI 2o L, ATMB OB
BiX

trapped in the tunnel. It did not, however, allow their evacuation, nor that of the ATMB agents
trapped in

BEEH No.17iCFALRADONEZLWI DOIRSER Y 7 FUBNIZ, FREKORKOBIC
rest area 17, for it was too filled with soot, brought in by the fresh air ventilation, as a result of
its

TIT TV W RTWENLTH B,

previous function as exhaust duct.

4.7.5. Other Equipment
i > B4

4.7.5.1. Emergency Telephone Network
FHEIEER

The tunnel is equipped with 72 telephones installed on opposite sides of the tunnel in the rest
areas or the

FRNVCHBEHFORMMRL U~z ) TIE NRACEENEMEATWS,

U-turn areas across from them. Calls made from these telephones go to control rooms and the
caller is

INODEFEEZNTDBLaryba——AloRPY, BEEMTFTEARIRL—F
—¢

then in touch with an operator. It should be noted that the niches between the rest areas are
not equipped

Bz Ld, BEFLEEFOMICIEFIEMIh TWRNWI LITERTREX,

with telephones.

During the fire, a telephone call from rest area 22 was received at about 10:54 by the Italian

control room.

kKDL &, BEEH No.22 oo TEEEEIL 1054 TAHALF YT Dy bu—ib
V— AT

Then several telephone communications were established with rest areas S, 9, 12 and 28. The
French

ZTBRbOIE, TALOWL OO EEEBENEER No.5,9,12,28 »biTbhi,
operator attested to several communications with the ATMB agents trapped in rest area 17, but
no record

TIGVADAR L —F —BEEEH No. 17 LAH bhic ATMB DBRNL DN 2H
7))

appears in the mini-GTC listing (see further in report).
EEEZTEELTWVWD, LA L mini-GTC DRFITIEIB - TWiaho T,

It should be pointed out that the Chamonix firefighters attested to difficulties in reaching the
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operator by

Chamonix D{HPF L1 EHEH No. 12 DEFEFE I Z LItk o T, AR —F — Lk
using the telephone in rest area 12. This statement is contested by the ATMB agents, who say
they spoke
ERILORABEEMELTVWAEI LIRERTREE, ZOBREICH L, BESE TV
A&

with the occupants of this rest area. The listing shows that “telephone hang-ups" did indeed
occur in rest

[EEELL, ATMB OBENRBEZBLX T3, BHEH No.12 Tit “BEIR

area 12. It would seem that the communication could not always be established between the
tunnel and

Uh T “RBE oI LE2FDYRMIRLTWS, brRAtay ha—ai—
)

the control room, but it could be in the other direction.
MTRECEBEELL T b TR okR, MOFAL»S DEKITHEIENAT
WwWie k5 7%,

The emergency telephone network played an important role for the operators during the alarm
phase. In
FRRICHEFRABERERIA RV —F — Lo TEERBRBEZHE L TV, #iT,
particular, the equipment allowed them to maintain contact with the rescue team trapped in the
tunnel. A

FYRNMZEALRD O HBIR L ER LR T I DT OEMIEDA TV,
reservation must nevertheless be expressed concerning a seemingly unequal functioning on the
French

ENTLRrDLo T 77V AMUTRAELLZARKRTRVVEEZR L LEZITBVAWY,
side. It was cut completely from 15:49, however, eliminating all direct communications
between the two

LAL, 154955 2 DDA Y ADOHO TR TOEEN REREIT

portals.

<72y BRETEERN I,

4.7.5.2. Extinguishers
H k28

Six-kilogram ABC powder extinguishers are located in groups of two every 300 m in the rest
areas and in

20T 14D 6kg D ABCHIRHABHEHEHR L ZORHMUO U F—2 =) 7T 300m =
LITEIPM TV,

the U-turn areas opposite them. Between these rest areas, they are also located every 100 m in
niches

IhOoDEERFOMITIE, HOIMLRAOMOETI»DLDA DS 100m B & ITHAED
situated alternately on one or the other side wall. Thus four pairs of extinguishers were

available every
BN TW3, 25 L T4ADHKEN300m ZLITFIATE S,

150



300 m.

In each control room, an alarm is triggered when an extinguisher is lifted and the zone of the
rest area

TNENDI Pa—= )V — AT, BABEFLETOND LERAREBL, 20H
P& N

where it is located is indicated.

BrhICEEFRERTEhD,

It is thus that at 10:58 an unhooked extinguisher in rest area 21 was signaled. However, after a
visual

10:58 ITEEHHF No.21 DHABOBH T &M SN, BENRE LN, LHL,
examination of the spot, it does not appear that an extinguisher was actually lifted: it is
possible that the

EOEFHERTHEL THD L, BEICRBEABRHNENRTVE LS Cidhdhot
alarm was created by a faulty cable which passed on the information.

Rolty—7 VLo THEEBRELNTE TEBMEB o= TREMENH B,

With the exception of rest area 21, for which a slight doubt remains, it must thus be concluded
that the

BEEH No2l ZBRVWTERR OV TR T REMEBRLEZN O b, 3 8 24 B DO KK
iz

extinguishers were not used during the fire of 24 March. A great majority of fires in vehicles
(including

HABBEDIL R oTcl WS Z 2, BRIFTRITHIERLRW, LALENRL,
trucks) which break out in tunnels are, however, put out with such extinguishers: in the Mont
Blanc
FRNVTEETHWIEBHEHAKOKRER (FTv7%288) TOX) RMABITL-
T

Tunnel, 14 out of 21 fires which occurred previously were extinguished in this manner. The
driver of the

HSNTWE BV TP RATRUMCEEEAK 21EOI S MEZZDORD
5T

Belgian truck tried to take the extinguisher from his vehicle, but was unable to do so because of
the fire in

HkLl, "V ¥—FF v 70EGEFERBEOENGHEABEZMOBES & LN, kK
N

the cab. He did not, it seems, attempt to use a tunnel extinguisher. Without a doubt, the
strength of the

BEELPLEEXLLEDIZETANRTE 2o, BIZP U INVOWHKBEERSS & LAk
=¥

fire core had already gone beyond the level which such an apparatus could successfully combat.
X577, B, KKOPFLOBEFTTIZEDLIRBETI ELLbANLZLB L
~_NE

1561



BxTwWwi,

4.7.5.3. Fire Protection System
BFk & R T A

Fire hydrants are available to rescue services in the tunnel every 150 m along the southern side

wall (on
HARIIZ P RVAOEORERWIC 15S0mZLiIch ) MBBICHETEX? (75X

the right in the France-Italy direction). There are in fact two different water systems in each
half of the
AZVTHAZLWOWTEHER) . ERBZ P RVDEFFOZRENRIZ 2 >DOEI KBS H
5,

tunnel. They are not interconnected and thus do not allow a mutual rescue operation.

ZUORBEEIRERZLTWRL, HENREBERIZHEL LV,

On the French side, the installation took place in 1991-1992. Mountain water seeping into the
tunnel is

77 VAT, £ OEMIX 1991~1992 FIZHRB I hiz, FUYRAVRICLARATL B
collected in a 120 m?® reservoir at rest area 16. Because of the limited water infiltration, the
fill time is

WA IXEEEH No.16 @ 120 WD FARMICED >N 3, ZTDBRBEKIZBOA TV B DI,
about eight hours. A pump under the reservoir feeds the standpipe on the French side and
provides a flow

WMARIZZRDDIZH 8RN ND, HAKMDOTOR 175 ARDKRKRRL 7%
LT,

of 60 of m*h for two hours under a minimum pressure of 6 bars at each hydrant, which
conforms to the

ENENDOHKRICKEES 6 /S— T, 2BEMT60mh DFHET

requirements of circular no. 81-109 of 29 December 1981 relative to safety in vehicular tunnels.
Each

AKeHieT 5. ELT. TR EHEF A XLVORLITEHELZ 1981 £ 12 A 29 ATO
fire niche contains two 65 mm diameter connections, compatible with the French firefighting
equipment.

%P n081~109 DERKEE WL T, TAThOAKA=v FII7 IV AOHBHLAD
ML LTHERATEZHEZ65Smm D 2 DOERKHZ D,

The Italian system, installed later in 1997, has generally similar characteristics. The tank is
located at rest

AFZVTOYAT LT 197T FIZBATHASH, — BRI LS RigEE RO, #
Y7k

area 29 and has a capacity of 117 m®. Its fill time is shorter than on the French side, since the
water

BEEH No29 ikH Y 11T dDBEREF S, HOZVEENL BANRT T VALY Eh
DT,
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coming from the rocky massif is more abundant. Pressure pumps assure a flow of 96 m3/h
under 7 or 8

B EBARKICTIORPLAIEMII7IVRAL0EN, RVFOEAIZERERON
xT

bars at each hydrant. The connections, built to Italian standards, all have adapters for French
equipment.

T~8 N—=VT 96 m*h DFRNEZRIET D, 1 F VT OEBETHO bNERBITTRT
77 AMERMBAOT T —%Fo T35,

During the 24 to 26 March fire, only the Italian standpipe was used to combat the fire. Water
was

3H 24~26 AOKKDOM, 4 F Y T ORKBNAL TEFIBKCLER» ) bicEbh
7=

available at 60 m*/s over a period far longer than the two hours set par the French circular
mentioned

KIZARLIET T ADEHD 2 BE LY b3 ICE VR 60 m¥s TRIATBZ &
NT&EI,

earlier.

A power outage occurred on the French side at about 21:42 on 24 March, due to a short circuit
caused by

3RA24BD21:42 5512, HEH No.ISDXHD T —TABRbo TS L Z A0
Shie

the destruction of cables crossing in the rest area 18 ceiling. The pump was returned to
service by the

EHRYa—bREE, JIVANTHEENREEL, 326 A0KITR>T, RV7iX
firefighters only in the evening of 26 March. The standpipe then fed a fogger and a hose set
up in rest '

HELAELIL-THUE» S, ZOLERKANSATRELZHELTEY,

area 17, but when the tank was emptied, new repairs were required by the pump's power supply.
R—RXEEH Nol7TiZhof, L, FUINBRBRoEE, HFlZRLTFDR
7 —

DHAREEBRTILENE L,

4.7.5.4. Radio Rebroadcasting
7 VABRBE

Radio transmissions cannot be received underground. Since 1995, over the total length of the
tunnel,

HMTFTIEI VAT EZRBTERY, 1995 FEnb, Py REALEEITDIE> TRHFI

radiax cables installed in the ceiling enabled the transmission of certain two-way radio services
(French

FOXT—TNVHRBAINE, TR L-TEGEFHBEHOED T VA THL I EDT
=)
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and Italian operators, police and fire services of the two countries), as well as four FM stations
(two
—ROBRAEBEFMAB (Z7VABOLONR 2D, A FYTEOLDMN2D) L&
b

French and two Italian) for the general public which can be listened to by motorists on their car
radios.

2EBDOIVARE QET, 77 VABLA LIV THEDOARV—F —NEE L EHO
The control room operators have the ability to break into these latter stations, to broadcast
alarm messages

YV—EREEZXD) ORERTERIZR T, av bha—A AL —bDFR L —F—iF

(the French operator can only insert messages on the French FM frequencies and the Italian
operator only

BBOA v —VERETIEDIZ, BBV 2RICHAV TR LN TER, (75U R
D

on the Italian frequencies).

ANRV—=F =BTV ADFMABEICA v E— VBB TELLET. 12V 7D
FARV—=F =347V T ORBEIZIET)

Such messages were broadcast on the French frequencies at about 11:15. In addition, the
two-way radio
EDEIRAvE—VRILIS ZART7 IV ADARKCHREShK, ML T,

system was extremely valuable in allowing staff from both companies who were in the tunnel to
BIEMDT PHVRAT A, PryRAVDayba— VY AT ATHEBEL>TWBEN
D

communicate with the control rooms. A radio connection on the SITMB frequency was
maintained for

SHORY vy 72l o THhRYBITI -7, SITMB AEHTO T U+ ERKIZ, #IC
about an hour with the motorcycle patrol who later died in the refuge at rest area 20.

BEELHF No.20 BB CTK RB3 N/ 70 ru— VALK 1 BETbATVWE,

The firefighters of the two countries were able, in the same way, to stay in contact with their
control room

2 DOEDOHBHER PV RNVITHOTADLE, RLFETaY br——A Ll
x

during their first entries into the tunnel. However, it appears that, at least on the French side,
there were

MUMTDZLENRTER, LHL, PREB 7T VAREFTIRERI—FT VT E2BATE
B

only mobile radios installed in the vehicles: when they left them, the firefighters lost the
possibility of

HY, BOBEDOEZBYVBELLE, WHLAEBRIFIVARE>»Tar ba—ni—
bt

communicating with the control room by radio and became dependent on the telephone stations
in the

HEEPRVE LR o=, #L T, 300m EENTWB P RAVAOEREICEETD &
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vl
tunnel, located 300 meters apart.
Rote,

4.7.5.5. Fire Detection
KRR 5

Two different fire detection systems were installed in the two halves of the tunnel. The Italian
system,

FYRVDEZTOERETNIZ 2 ODB L KKBAMT AT ABBASH TV,
installed at the beginning of the 1990s, detected temperature increases by measuring pressure
variation in
1990 FOHBDICBASINEAF Y TOVRAT LZ, KEOHELZMNET S 70~80m O
RED
70 to 80 meter long tubes located at the top of the ceiling.
Fa—T7CEAEREZRETDILICL-THEELEX* ML,

On the French side, a cable installed on the ceiling linked temperature sensors located every 8
meters. An

T77VAQTR, RHFAZDHZT—TAN 8m TLIZNBTI2EEE U —ic oMo T
W,

alarm is triggered by this cable when it measures a local increase in temperature in relation to
the average

HHEORAL VBOERHIIH LT, 2Oy —7 NV CRFTBRBERNEM,. 41X 50C%

of the adjacent readers, or a temperature above 50° C. The data on exceeding the set
thresholds is

BAILEITERPIBD, RRAEEZBA LT —RARLV—F—1Z%EDbN 3B,

transmitted to the operators.

The Italian system provides for the automatic start up of smoke removal ventilation, after
confirmation

AZVTDYRTARANV—F—PEBLEE. EOREXRBPHICITLIS,

from the operator. However, this detection system had registered numerous false alarms: it
was for this

LML, ZORMU AT LAEIE OBRBEREKLE AT AKOREICEER No.21
iz

reason, for example, that the section located at rest area 21 had been placed out of service the
evening

MEBTA EZaryTH—EREEELEDIRIDEDE,

before the fire. During the fire, the cable which collects data was lost very quickly: after
input on a fault

KKP, T—2 2D 75 —T e THRPICR Lok 1 10:57 K EA 7
v b

at 10:57, communication was lost at 11:02 between the data acquisition cabinet at rest area 23
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and the

L72#%T, BEE¥H No23 DF —4th2 LB3F vy EXy FEALAFYTDay ba—ni—
AD

Italian control room.

BHEIX 11:02 IR T,

On the French side, the first alarm occurred at 11:13 from the rest area 19 zone. The next
alarms occurred

77V ARITIR, BEH No.19» 6 113 ICRPNOERIIEE L, KOBHRIT6 %I
6 minutes later at rest area 18 and then at intervals of approximately 4 minutes from rest areas
17, 16 and

EEEH No.18 T, Thh b BB LE 4 MR CEEH No.17, 16, 15 DIEICH > T o
7o

15. At 16:51 there was a loss of data coming from the zone from rest area 11 to rest area 19.

16:51 IZIXBEEH No.11~19 1B XBF—Fixkbhi-,

The data acquisition system connected to the cable records the temperatures measured by the
readers and

F—TNEeORPOTWETF—ZARVAT AR, BARVBIZL-TRESh-BE
x

saves them for four days. In effect, current day readings erase and take the place of those
recorded four

L, 4 AlEALEE XD, ZEIXZ, BEORFKFIIUMND 4 AMOBKITHE > TR
b3,

days earlier. Because of this record, it should have been possible to reconstruct the
development of the

CORBFRDBNIT T, T—FAFVRATIARRIRDBIETOISVA[U¥EZD F R
NoD

rising temperature in the French half of the tunnel until the loss of the data acquisition system.
In reality

BEOERY FZBEMETIIENTEIRTE -, kKkOoKkboTethbZTDOYRT
LA

this data was lost, since the system was evidently allowed to continue functioning after the end
of the fire

AOMTEREELEIT DI, KKFTOBEABRYBHEAHEIAT, TOF—Fidkbh
7o

and thus erased the readings recorded during the fire.

The Italian fire detection system did not notify the controller of the presence of a fire and also
did not

AZVTORKBHM AT MTARKOEREZHIHAERICHM L 2ok, £ELT

allow the temperature's evolution to be followed. All in all, the fire detection systems on the
two sides

BEOCERBIZLOWTWITRhot, RLELT, RFOAKBRMY RT ATEE R
156



did not give the alarm in time and did not record data that could actually be used afterwards.
They were

FAIVI TERELHES, #CEBCHASNETHE I F—% HESE LMok,
both based on temperature measurements, as is most often the case in vehicular tunnels. In
reality, in the

HBIE N RVDOEOHENL ST, ThORBEAFE bBERECESH T,

majority of fires, obscurity increases much faster than temperature, and the detection of the
former often

REICARORSZE T, RAC SOEMBBERME 9 b#E< . STEOBEMIZES
%

occurs too late to give an alarm.

BT ATV TVWETES,

4.7.5.6. Video Surveillance
EHrya+

The first video surveillance system was installed simultaneously by the two companies in the
entire tunnel

BOIOETFAERV AT LI 1974 L2 2DEER Vo B W PR AVEEICHAL,
in 1974 and was renovated in 1994. Today it includes 40 color cameras. Each control room
has access to

1994 FEiLHEEINE, BE. AODHT—IATRHB, ThELDI Fa——h
o

all screens and can control them as it wishes.

FTRTCORIY =T 7 EATE, BEILa ha—LTE D,

In the tunnel, each camera surveys a rest area zone and is directed toward the nearest portal

(toward

FYRLTHR, ThENODASIIBEHEZREL. BFOAVOFTAIFVHETLHR
W5

France between the French entrance and the middle of the tunnel, toward Italy beyond).
Therefore, the

(75 vADAYALE VY RNOFBEOBTIRZIVAFR, ORI I TRAFIT
F

cameras are located about every 300 meters. Some additional cameras were installed to allow
complete

BEVTWVWS), Thwx, P ATiX300m ZEICBRBEATVD, b RANEOMEA
%

video coverage of the tunnel.
EFATREBIIHNA—FTEHEDIC, BMOL A FBNEAINT,

In the control rooms, five monitors are normally used for a cyclical visualization of the tunnel.
2y hE—ANL—ATHR., BESODE=F—ICL>ThUrXNVEZAYAHCHERBLTY

%,
Supplementary monitors are assigned to alarms (lifting of the extinguisher, pullbox, unhooking
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the

f?f%:&—%ﬁﬂm(%k%wﬁﬁ\Eﬁ¥ﬁ§ﬁ\§ﬁ%Othtﬁﬁ%T%

telephone, etc.) and to certain cameras chosen by the operator. In case of alarm, the five
cyclical monitors

ANRV—=F =L Lo TRIZNH AT HIZBIV Y TTW3, B¥HBB- -4,

are automatically assigned to the camera aimed at the zone in alarm and to those located on
both sides. In

5 ODEYBICVBAREHEBRL TVWEET=F R, BHBHREROH -7V —1 %
B4

addition, a recording is automatically started on the alarm zone camera.

AAT7E, XOPUERTAATOE ROV EDS, M2 T, BEHBICERD Y —
D

AATDEREBIBE S,

The television system allowed the two operators to see the smoke in the tunnel, when they had
already
FTTIERNRBoTNLE (T RAAUDEBEHICLZEREAZYV TRORES
No.22

been alerted (the alarm from the obscuration sensor on the French side, the telephone call from
rest

PODEEEIZLY), EOTVEVRT A2 ADIRV—F = bV RVADEE
area 22 on the Italian side). In these two cases, the screen images of the affected zones
allowed the

HBREEL, ThoD220B8 T, EBILEY -V DR 7 Y — 2 OB,
operators to very quickly realize the gravity of the situation. The video surveillance
equipment thus
FRU—F—CRAOERE 2LV ECEMRS®E, TILTETTERV AT AT
played a very important role in the very first moments at the beginning of the fire; then the
images were

KD ETHEVEHICREVW~ABEREREZH L ; Th2bOBRBIIRVEDCE
Ho

no longer useful because of the dense smoke advancement.

DI HITRRIZL 2o T,

While the video recording in the Italian conmtrol room allowed afterwards for important

observations on
AZYFDIAY FB—A—ATDETFIOREE, BITAKRFOEIZHRELZND

D
certain events during the fire, no French recording is available. ATMB states that the operator

put an
FWSNABEARBRICR S TWD, —FH 75V ADORKFIIFATE TWARY, ATMB i
unrecordable cassette into the video recorder and did not realize this. Whatever the reason,
the absence of

FRU—F—REZETCERVWIEY FEREFLLVa—F—IZT AN, Thzbhbizho
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such a recording, essential to understanding the fire, is to be strongly regretted.

BRTWD, CARBEEDHIICE L, kKRZFENHCERTIEDOFDOL S REHK
D

RuMZETHREITR D,

It can also be regretted that the systematic recording of vehicles entering the tunnel was not
carried out,

FYRNZASTERLEOFERHORBRIIETER TRV LZREICE D,

which would have more quickly provided the number and type of vehicles present at the time of
the

INBHNITRERICL VB, FETIEOKLERELRItTE S,

catastrophe.

4.7.5.7. Automatic Incident Detection

FHEBmmkE

In 1994, during the installation of the new video surveillance system, arrangements were made
to allow
FLOWETTERRAT LARBEA STV 1994 FIZ UENICAR DN EEH S ICE
3<

the later installation of automatic incident detection equipment based on image analysis.

FREPRaMEENKEFSE,

Since that date, studies have progressed: a bid was offered and a company was hired. The
work was to

TR, FRITERLE : BEBITbh, fEdBEDbILE, TOLFR P IALLE
4

cover the entire tunnel. A first full-scale test was to take place on Monday, the 29 March
1999: eight

REBDIEDHDHLDE ST, BREDTINA T —LOBREIX 19943 A 29 BDAREIC
cameras located throughout the tunnel were to be linked up to a video processor. Completion
of the

TORNBRTEST: PURNDOEDLIAICMBLTWAESBEOI A TR ET A LA
®REL

installation of all 40 cameras in the tunnel was planned for the summer vacation period of 1999.
Each
DRIFPIERXR>T W, PYRAINCEZEWMTAOBEONATFTERY FiF %, 1999 £
D

control room, in both France and Italy, would have then initiated the same procedures to
generate an
EEREPICRTTIILEZLEBEL TV, Z7VREAZ YV TOERTRDa b R
—Jv

alarm when a vehicle stopped in a lane or in a rest area, when traffic slowed down, or when a
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single

N—ATiE, ERCHEF TENELELELE, BITERENRELEL &,

vehicle traveled slowly. This would have allowed a small time gain for an alarm.

1 BOEFW-KVBBL L EICBBERESEIEBERBTI2RTEoE, Th
A}

EREICEREZBOELNEES S,

4.7.5.8. Computerized Central Management (GTC)
Aavva—4shRfgH

From the beginning, information regarding the traffic management equipment (traffic signals),
the air

HWArh, B, HASE., EPERERORRICEATIHRLARIIC, TEEERM
quality sensors (obscurity and CO monitors), as well as status information relating to
telephones,

(BE5H), ZXHE ¥ — (EREL CORMER) CHIIWRIISEOHMTILDS
extinguishers and fire pullboxes, has been sent simultaneously to the two ends of the tunnel by
cables
7 —7 ) ("DMR"R"telemetry" L FEiITN 3) ICL 2T P RNVDOFEBORRKIZESN T
W3,

(called "DMR" and "telemetry") routed under the walkway.

On the French side, during 1992 and 1993, an interim computerized central management system
(called

1992~1993 EDM 7 F VAW TIX, KOOIV Ea—FhREFBIRF A (ATMB IZ X -
T

"mini-GTC" by ATMB) was implemented as a test. Although not perfect, it allowed the
reduction of the

“mini-GTC" & FEIEN %) RRBRMNICETEINZ, BETHEHRWIThEDL, ThbHD

data from the tunnel, and the processing and recording on a printer of the status changes of
certain alarms,
BEAZLoTIRADRLDTF—F2EBOL, Ao TEERATERRORROELE
as they come in.

MBLAYVF—ILoTRETALIZR- T,

The information traveling on the DMR cable was transmitted to the control centers (and
processed by the

DMR 7r—7NVZ@5E#IT I13:19 TTIRavyibr—mir—bsiEbhiz (£LT
mini-GTC

mini-GTC) until 13:19 and the telemetry (obscurity and CO levels) until 13:35. After this
time, no other
KEoTREAShE), ARICEROER ERELCODLARNL) X135 ET
information was received. Therefore, the mini-GTC worked well for as long as the
information came to
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Ebhiz, DL EUKE., BHRIZL<LZTTI W22k, £ WX, mini-GTC iX
the French side.
T3V AN OHERREIMIT LBV,

The mini-GTC's role was, however, limited for the following reasons:
L7 L mini-GTC OZFNILL T OBRBBOEZDIZRONA TN

- the number of available twisted pair cables did not allow the collection of all the data coming
from the
FIATED 2 2OFVEDLENEF—TNVORBRETII I ZIAVANBL 2L2TOT
— 8%

tunnel (some of them were connected in parallel);
BHohhol (ERbDOW ODREFNUZ RN > TWE) ;

- the transmission architecture was not redundant and the loss of the DMR and telemetry
cables halted
BCROBRITIIREN 2 <, DMR & telemetry ¥ — T VD RMIZ S AT LADEIZ
v,

the system;

- the wealth of information sometimes caused the loss of some of the data.

EERERILELEVL 2PhOTF—FRNODRE L 2o 7=,

The available records from the mini-GTC seem reliable, but are not very detailed: there
could have been

mini-GTC 226 DFATE ZRRIIEETEHIH, HFIVFLLLEFRAV  ZIREIREHES
h

data that was not recorded. It is regrettable that a tunnel of the importance of the Mont Blanc
did not
RIPOIET—=EWboeDESLS, BELZTOHF LW MV RLVTCHAEATVWEERYD
GTC A3

have a real GTC, currently available in all new tunnels. The installation of a GTC was,
however, under

BT IUVDEBER N RNMIEDSTOIRBEE, LIL, GTCOEAIZ 2 HOX%
S

way in a coordinated effort by the two companies which, on the 24 March, were in the process
of

%hk;or@ﬁbrwnfwrsﬂuBkﬁ:/%wa FEBRTDIBPES T,

selecting a consultant.

4.7.5.9. Control of Tunnel Environment
Mo RNBEODa ha—)L

The obscurity and the air concentration of carbon monoxide are monitored by nine obscurity
sensors and
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fEREL CONOBEIX, FYRADOAY OMFE LK 1500m T LITEBANTWVWS 9FO
nine carbon monoxide (CO) monitors installed close to the portals and in the tunnel
approximately every

EREHLIBOCOE=F—IZLoTEREALTWVS, 2TORERELELD
1,500 m. All measurements are recorded as a graph in each control room. This equipment,
checked

AV PR —ATTZ7 7L LTREENTND, EFNICREZIND ZORMIX
periodically, was all working on 24 March.

3A24 BHETH TV,

In the case of high obscurity increase, two threshold levels are applicable to the equipment
readings:

BADOBABPLRVETLESRS. 2 00RENRBOTEABMVICERAEIND

- a very rapid increase threshold if the difference is higher than 5% (Westinghouse unit)
between two
2ODFHEABMY B TOED 5% LU LI 5 BELZBMO 72D DRE

readings,

- an alarm threshold at 20% Westinghouse obscurity, which corresponds to the motorist to the
Westinghouse fE# & 20% DEHBE. ThIIEEFHEEZELE I~ LARY
appearance of smoke that may impede driving.

BEOHBEICHEYT 5,

The obscurity sensors proved to be very valuable, and gave the first alarm in the French control
room: an

EREHIIE TCOLHEELRDHIZLEZHEALE, TELT7IVRAfHlay br— VL —AT
B

obscurity alarm coming from rest area 18 was triggered at 10:52 and automatically concentrated
the video

ERER/O L7 HEHF No. 18O EERE~OEHIT 10:52 TR/ -7, £LT
coverage in that area, where the smoke could be visually verified. As the response time of the
equipment

EOx Y TOMBAOETANEBMICETZ2BMLEDL, FIRE CHRBTE L,

was very fast, the exceeding of the thresholds recorded by the mini-GTC and the reading of the
printouts
FTORMORIERFEIT L THEVODO T, mini-GTC IZ L > TREI N DHEOBIBL
give an accurate image of the evolution of the ambient air transparency and of the smoke
development;

TV R7Y PENTCHEABRYEIZ, BEOEKOFAELEOERDO R ZHE 2
these latter led to a rapid saturation of the equipment, which has a scale limit of 30%
Westinghouse.

EfLLTEXZTWS ; LKL, ThHo0®RBFEIAFICA/MLE, V5 OXRERSR
{H A% Westinghouse30% 7Z4> 6,
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The CO monitors also have two concentration thresholds, with an alarm at 150 ppm and a scale
limit of

COE=F—b 2 o0REMELFFS, BHIL 150ppm TH Y . BIEMRF{EIX 300ppm T
Hd,

300 ppm. These sensors are infrared and require some response time, due to the piping
bringing tunnel
IhoDEVY—RBHRARICEZBDOT, N RNVBREEZOEBICECAND DD
air to the equipment. They thus give a slightly different image of the pollution characteristics.
RIERENRLETH D, TADX, 2 20F=F —RBBERRRIZOVWTOTNIEI A
A=V EZ23,

4.7.5.10. Anemometers

JEE Bt

The control and recording of the air speed is accomplished by three vortex anemometers, which
replaced

BEDOWHE L ERKEINHAO T aRTAEH IR > TRDboE 3 SOMBEERIZL > T
the original propeller anemometers. The equipment is placed close to each portal, as well as
in the middle

KENTWD, ZORMI P RAVPROBEEH No.18 L RARIC, ERLEADOAVBRD
‘LT ’

of the tunnel at rest area 18. Two units are operated by the French company and the third by
the Italian

bHd, 77 VADEH{B2o02=y FVEREL. A F )V TOREN3IOEERIET
5,

company.

On the French side, it is very regrettable that the units have not been operational since
1996-1997. The

77V AQTIE, 1996-1997 b EDa=y PEEBLTWRWIZ LEHEFICEKELT
(AT

operators, rescue services and investigating teams therefore did not have the measured values at
the

EDFRVv—F—%&, BB, WEEOGIX., PRV AOEBKRLEOBH X LEMETIO
iz

French portal and in the middle of the tunnel that could have been a great help in understanding
the air
RERBTCRDIEBOLINBTZF L/ ADAYVAL PV RNVFROBEBEBONR 2
7o

and smoke movement inside the tunnel. However, on the Italian side, the anemometer was
functioning; it

LLAZYT7THITIE, REHEIEELRTITWE, T3 A ickESLTY
<.

is checked every three months, it was serviced in 1997, and its calibration was verified in the

163



smoke tests

EDY—ERIX 1997 FICIHBE T EOERIT 1998 F 10 AOFERRIZL - THERESh
7o

of October 1998. In general, the readings from tunnel anemometers must be considered more
as an order

— RO P RNVOREH PO ORARY EIZ, EELEBKOMN L ENEZTELK
iz

of magnitude, due to the unknowns such as the position of the unit with relation to the main air
flow and
RBEXTBRE=2=y FONBO LI RERADERIZLY., HB5F—F—%RTHOD
%

the turbulence generated by moving vehicles. However, the information delivered by the
Italian
E2RTRARLRY, LML, AF2)VTORFEHIZL-TELNTL 52 DHFHIT
anemometer is very important in order to understand what happened. It appeared to match the
various
MREETWIONEEMBTIEDIZILV~NAVEETHD, 1 ¥ ) 7TOREHOMEIT
initial data (obscurity) and the calculations attempting to reconstruct the air flows.
SEIERFAOT—F (BERE) BIUVEROBENEZFBELLI LT HERKRL
—HTsL5ICRAT,

5. CONCLUSION
iR

The catastrophe which occurred on 24 March 1999 in the Mont Blanc Tunnel is the result of
several

FBVTTURURNVTI99E3 8 24 BCEELERBERIVWS ONDORKICHEEL LR
B

concurrent causes.

HRTH 5,

- The truck that caused the fire was particularly combustible, for a vehicle which did not carry
AKRKERILEFS vy 2713, BRIZESCHEBERNTVWDYIBERHEZEA T2 o
e
hazardous cargo in the legal sense of the term. The smoke released by its combustion was
very toxic.

DI DI TRIRT oL TORBEICL > THHENEIZIEBENEI o,

- The strong supply at the roadway level and the air flow at the ceiling contributed, together
igﬂt;g?% ETORNREIKDOHEME ERXFHTOELOTHNS ., —HITHEML 2> TAK
lfngitudinal air flow, to feed the fire and destratify the smoke, which instead of staying at the
g%mégﬁﬁé’fi X¥ERE, ZLT, RAOHIR L ELEVEEFOMBLXZMAICTIN
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Hbviz,
and clearing up at the motorists' level, filled the entire cross section of the tunnel.

BIZP L R2ADEI v aviEoTEREIIE LT,

- The hot and toxic smoke was not extracted in sufficient quantities; due to, on one hand, the
exhaust
BLEEREP+HRBEHEHENR o7 ; THIX. —FTRIO MU XLVPEKED
capacity limitations of this particular tunnel and, on the other hand, the use of exhaust ducts
in supply
BRAZoFDITH LT, thFCRFKY I FE2EKE—FELTERALTHEZ LR
X%,

mode.

The role played by each one of these factors in the magnitude of the catastrophe will be
estimated only

AYEa—F Il o TAKDERVPBEESINDILEITRZ2TIIR, ZOKKET
when the fire development will be reconstructed by calculations. This work will take several
months.

CNODERPEDIE-TRBBFMENDILES S,

The vehicles stopped a very short distances from each other. This contributed to the rapid
propagation of

HZEWILTHOEWEBTEELE, ThRAKPLIVBRIERDZLLABRET
the fire and to trapping of the motorists in a toxic smoke cloud.

BEFZHALRADRZ LIZoRoT,

In the tunnel, there are traffic signals every 1,200 m. They were turned to red several minutes
after the

FURMTIE, 1200m TEIZEERDH D, TNOHIRBERERS TRIZEDL M,

alarm, but they did not limit the losses, either because some of them were not working or
because they

IR DOV OB EL RN okd, TRIELRPoEDIZ (ZhbDESIXIFL
I
were not obeyed (these signals are hardly visible).

Rziew), REREZMI ORI T,

With regard to the rescue assets of the operators, the fire configuration made the first response,
which

WM ERTERVARBRE 72D T, ARV —F OKBFI R T &H 2 TR G H
could not come close to the fire, extremely difficult.

TFWA~AVEEL o T,

The analysis of the fire's circumstances brought to light numerous other factors that had or
could have had

165



KRB OFITIZ. ADBREZE - TV, TEEF-TWVWETHAD
a negative effect:

DL DERZADAITHIEH LT,

The tunnel does not have a safety corridor (allowing the approach of the rescue teams or the

k¥ XV safety corridor 2o Tz (MBIBEMBE S 720, BHEREZRET
B7®H),
evacuation of people in refuges).

The tunnel has two distinct control centers, one at the Italian portal and one at the French
portal. Their

FRNMZIF I DORAFZYVTOAYARSHY, b 1 DR T7FVADAYIORRSHD 2
20

coordination is not good.

MEoay ba—AEryr¥—Rbd, TALOBRBARIZRL 2V,

The operators did not know, even approximately, the number of motorists present inside the
tunnel.
FRV—=FR I RNVHNOBBIEEGEFORTIZAML o1,

The tunnel is operated by two different companies, and their actions have not always been
well

FRNVE2ODMORHIZL - TEESENRTWT, Z0TFHIRV2bHEY
coordinated.

BTV,

Some of the tunnel equipment, although an upgrading program started in 1990, was not at the
level of

1990 FIZHBEZEODIHENBE> TV ETRLEL, W 21D b IO EHIR
those of new tunnels. This slow catch-up is due partly to disagreement between the two
leasing

FLO P RAVTEBEICRPoT, ORI RBERETELRHES

companies on capital investments.

Tol 2 2OBEHEHLDAR—BIZ—HL>»TW3B,

The existence of the intergovernmental control commission did not change this situation.

BEREOREBEEESDHEETIIZORREEZ O o1,

The safety requirements dating from 1985 did not apply to fires.
1985 FEIC T & e RL2EMTIIARITHETERh ol

The number of fire drills performed was completely inadequate.

HEBFIROEHIIFZLIIFARL TV,
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- The operators' first response assets were inadequate: on the Italian side, there was a fire
engine that
FRV—ZDORONOITHNIIARFYUE -7 : A FZ )V THTIX, EHERXH A
could not be used immediately for lack of qualified personnel.
BETEOIMBER VPO TEELIERATE Lo EES S,

Besides the analysis of circumstances surrounding the fire and the activities to implement its
control, the

KKOBBREDOHEAKEZa L bu—V LELSE LEEBIIMAT, 12V T7F—
A :

task force in close collaboration with the Italian team has proposed recommendations for the
Mont Blanc
BHLEBNERLIR, TV 75V P RAERH L THRRAVR—-F2ERTILOCH
&L,

Tunnel that are contained in the joint report.

These will not be discussed in detail here. The following overview includes only those that
are applicable
INORIZTHRELLBRTIS2LVEZY, UTOBMBRLELL S 22D
Fx

to similar tunnels.

BRATE S,

The general goal of these recommendations is to avoid the tragic chain of events leading from a
technical

INOOHEO—HPREER. KABREZIVRLREM»ORETIERIOESH %
incident to a catastrophe. Their implementation will have to be adapted to the specific
facilities: length,

BITHZLTHD, EBRE, | HfH) 2 ER, TER, BF. ¥8 BV F—F COMHEEE
&R

one-way or two-way, traffic, locale, and distance from a public rescue center... It will be
recalled that
RESTHOLRLHEL O DRERDHDESLI, EVT TV PRV KKED
interministerial task forces established after the Mont Blanc Tunnel fire are already working on
these

BIBRIINEBFOBRNEZERESIT., Tho0BHEIESHTTITRITBILTWS
recommendations.

W ZLITBWEBRES S,

1. The truck that started the Mont Blanc fire leads to the examination of means to diminish
the
BTG RNKKEBERBILEFN T v 7, KRORBNERERLTED
D
potential risks of truck fires. This especially raises the issue of fuel tanks (type and
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capacity), and

BREZEOA TS, ZITR#HEIC,. BEIY V) (BLER) LESIHEOEEBER
the materials used to build a tractor cab and refrigerated trailer. It also points to the

possibility of a

REECEDATWIHEOBBELZET WD, EEXERUMB PRV ASH

Iz,

quick truck inspection before entering large mountain tunnels.

TR P T v 7 2RETHEIOE/LTN S,

The truck cargo — margarine and flour — raises the issue of reexamining the hazardous
cargo

=AY RNERBD LT v/ OHRERBRFEHLE LTERETILSTH TN
TWd,

definition. It must take into consideration the caloric power and the possible smoke
quantity that

TREDORBHI L > TRETIRBLEOREZZEZ R ThiITROARW,

could be produced by flammable food products. This must necessarily be part of the
international

TR TEENZERFDICETIRZHEORELO—BILRIThIERLGR2W

framework of hazardous cargo transit regulations.

An automatic incident detection system was being installed on the French side of the Mont
Blanc
HYEHPROEBIITLVTF VP RVD 7S VA TCEASNE, RETOKRER
Tunnel. The use of this type of installation appears necessary in all large tunnels.

FRNMZIRZOEA TOEBOFERBSLERL S,

The analysis carried out by the investigating task force demonstrates the need for a unified
operating
BIMEZBSTITOAEFN T, 2 00EFE LSO BR SN P RMITHLT

and investment policy for each of the binational leased tunnels. This must be
accomplished by one
M—ENRELBEOLDOSFHPLETHI Z LABHA I L, BRSEID
operating company, a branch of the lessees.

RETD 1 >OBRELRFICL > TZhIRBRENBITHR VRN,

For binational tunnels, it appears mandatory to implement a unique control center as well
as an

2 DOEFELO P/ RNVIICLE ST, EMOBFBERATIZLLARICEOEM
%D

integrated equipment management.

arvyhrp—nLEryf—5HBTHILEIBBETH S,

The importance of a speedy operator response during an alarm requires a command and
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control

EBFOARL—FOTIERVRIEDEDITIE, P RAVNOEOHKE

system providing continuous awareness of the number of vehicles inside the tunnel and
ensuring that

PhBER<HMbE, ARV—F Lo TTIEHRLLBHRTEIMUHLRITORLZ
L%

quick and reliable first response be taken by the operator.

REETHME - FlH AT LABBELEIND,

In general, the tunnel equipment and especially the electrical system must be protected
from failing

—BEIT, PRV HNDOERO S bHICBIEMIAKD, EENLFOARITH
iX

during a fire. In particular, the securing of networks must allow communications inside
the tunnel,

RHIEV, BIZ, Ry FUY— 7 ORERIZEBOR b RN TEBICIX
indispensable during a crisis.

FHRZRLDTH 5,

In order to prevent motorists from parking behind the vehicle starting the fire, risking
being trapped

BEFPAKOBEEFHOFRICEHELLY, BITLVY FF vy 7ENRTAERIC

by the smoke and having their vehicle quickly engulfed in fire ("domino effect” as seen in
the Mont

EBENEY, BVIBITELOERAKICEERAETREVTEZE (

Blanc Tunnel), it is recommended, on the one hand, to install systems, at least in longer
tunnels with
BVTTUVRIRAVTRONEDIX “FIOHR") BRI, HB3—FTiX.
no recurrent congestion, which allow spacing of moving and stopped vehicles as well as an
effective
DPREEBRVPURVICIRBESERELRVE I, EBZEATHIZ LM

stop signal system and, on the other hand, to better inform motorists in case of emergency,
perhaps

BHOohTW3, ZOHEBELIX, HROVELESFLEZBEHLELZSES

by radio.

ER (RHB) THD, EthFTiE, kEFBRICBEZOL I PA L - TEEF
iz

ENZHOEDZZLAHBENL TN,

Faced with a fire, motorists should be able to easily find a shelter close by which is
protected,

KRICE@Em LR, BEEFRETACI - TFohdEHMBHELoTEY, BILD,
<D A

equipped, and clearly marked. Information on these rescue installations must be made
available to
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10.

11.

12.

BEFREBEBICADITRZLNTERREE, ThbOBEEEOHRIIML-T
the motorists in advance. If possible, these installations must be linked to an evacuation
corridor. In
EEFRAATEDILICTREE, TERL, ThODEBITBERT & o7
THL

general, it is worth looking at the interior architecture and finishes of tunnels.

RELE, —BBIZ, AREEDL PRV DOEERVER D Z LITMERD S,

The operator must organize a first rescue service which is identical at each portal, allowing
around-
FRV—=FRBEA—DOENRENOAY OIH LT IANL S ADF— AT 24 RHP,
the-clock response by a team of three to five, led by a professional firefighter and capable
of

BFOH 28 &, BRBROBDO S FMICKETE 2B EE %2
responding in the first five minutes of an alarm.

BB L2ThiTebk2ny,

An internal safety plan must be developed by the sole operator, based on a safety study.
For
NHOEZLHEREEMRZESVT, | ADFRV—FIZI-THESKLRTH
X

binational tunnels, the internal safety plan will consist of bilingual flash cards. It will
provide for the

BRORWV, 2 00OEHFEZ LD MU RATRR, NBOXRLHE X 2 y BFETHrMNE
alarm conditions for public agencies, the formation of rescue teams, and the activities to
be

BW7a /7 ATRBTIESAS, AHRALBIIHTHIER. KBHEORER
conducted.

ZORBIZLZITHOBREELNDEA I,

A unified public rescue plan must also be developed for binational tunnels. These plans
must

2 POEFEOL O P RNVACHE S E—BRORKBHELBEEIARITHIER
B2V,

require at least one annual drill and clarify the principle of unified command and control:
the public
INRODOHEIZIARILLFEIRBOYMEBLETHY, —Ehikhde
authority having jurisdiction. In general, the stringent requirements of firefighter
activities in a
ayhra—AOERERLONMILRTAERLARY  BFEEEZRF > TS ALEH
BEE8,

confined environment, such as a tunnel, demand specialized training and recruitment
efforts.

—EZ, FURANDEIRBEINEERETO, HEBEEH~OBBRLEREX
BRI 2YH L BROBHITH D,
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13. For binational tunnels, the intergovernmental control commissions must have real legal

powers, i.e.,

2 ODEFENLRD MR ATIE, NBRERBENR D2/ ERThIERL A
/AN

their composition must be stable and especially be supported by a technical safety
committee

BIZIZ, TN ODMBIIBRENTHY . BIL—BAOBRBLELL VI FURAD
consisting of technical local and headquarters staff, competent in subjects of tunnels, civil
defense

FECH L THEERBEZ, XL LEAEIOHDEENELERERICL-TXE
and safety. This committee must be able to query the operators, to review the need for
safety

ShRTNERLARY, ZOZFRARRREWECOLEFHEBEEETI LD L,
investments, to control the organization and the equipment of rescue teams, and to report
to control

MEIBRDOMR L ERELWET I, TLTHABZESIBE T I DTNV —
Z1iz

commissions.

BElcEakoicLzidhidiasizvn,

14. For tunnels that are not binational, it will be worthwhile to implement the legal basis

allowing

ERZED P RATR, BREOEGUANCENLEBE LB T LBLERCRD
7259,

control before construction and operation. For important tunnels and following safety
studies and

BEER bRV, REWE, TLTRBVVOERICEYT HXEITIK

traffic level evolution, the documents must require the organization of a first response

service at each

ZRENOMAT, OIS — CXAEBHICE L TE»RThIERL RV,
end. In all cases, it will be mandatory to develop an internal safety plan.

TRTCOFET, NBRLHELHART DO LRBHECRDILES I,
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