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The Memorial Tunnel Fire Ventilation Test Program:

Test Plan and Test Operations

William D. Kennedy, P.E.
Member ASHRAE

ABSTRACT

The Memorial Tunnel Fire Ventilation Test Program
(MTFVTP) comprised three phases:

e phase I, test program development;

e phase II, test program and test facility design; and

e phase III, test facility construction, testing, and final
report preparation.

This paper provides an overview of the testing and compre-
hensive test report preparation activities that were part of
phase I11.

The MTFVTP was conducted to obtain definitive fire test
data to support ventilation design and operation concepts in
road tunnels. More specifically, the objective of the testing was
to determine, under full-scale conditions, the relative effec-
tiveness of various ventilation systems and operating modes in
the management of heat and smoke for tunnel fires of varying
Intensities.

THE TEST PLAN

Atthe time testing began in September 1993, 130 tests were
anticipated. However, the dynamic nature of the program and the
knowledge acquired during the early tests led to modifications to
and deletion of some test sequences, such that at the completion
of'testing in March 1995, 98 fire tests had been conducted in all.

Ventilation Systems

The fire ventilation tests utilized the following ventilation
schemes:

+  full transverse

*  partial transverse exhaust and supply,

*  two-zone partial transverse,

*  partial transverse with single-point extraction,
*  partial transverse with oversized exhaust ports,

Flor D. Hernandez

*  point supply and point exhaust,
* natural ventilation, and
* longitudinal ventilation using jet fans.

The full transverse and partial transverse ventilation systems
were included because of their extensive use in the United
States. They also aided in gaining insight as to their tunnel fire
capabilities and the most effective ways of operating them.

The basic partial transverse exhaust ventilation system was
supplemented with oversized exhaust ports and single-point
extraction openings to assess the effect of these features during
a tunnel fire, specifically the ability to confine smoke and hot
gases closer to the fire.

The objective of the point supply and point exhaust opera-
tion tests was to identify the minimum longitudinal air velocity
required to control the direction of spread of smoke and hot gases
given off by a fire with the tunnel ceiling in place. This air veloc-
ity is called the critical air velocity and is also referred to as that
required to prevent backlayering (the movement of smoke
contrary to the forced ventilation).

The natural ventilation tests were included to observe the
length, depth, velocity, and stability of the stratified smoke layer
produced by tunnel fires of various sizes with the tunnel ceiling
removed and no fans operated.

The objective of the jet fan tests was to identify the mini-
mum longitudinal air velocity required to prevent backlayering
with the tunnel ceiling removed (providing a greater height and
an arched crown). Prior to these tests, the use of longitudinal
ventilation systems was not approved by the Federal Highway
Administration (FHWA). Therefore, these tests were planned to
answer questions concerning the performance of longitudinal
ventilation systems with jet fans during fire emergencies.

Test Parameters

In addition to the type of ventilation system, the fire tests
were varied by fire heat release rate, ventilation rate, ventilation
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system response time, portal opening adjustments, use of vehicle
silhouettes, and foam suppression system use. Table 1 pr0v1des
acomplete listing of the 98 fire ventilation tests and their relevant
parameters. During many tests, the ventilation rate was changed
during the course of the test, but onlyi the initial ventilation rate

Fire Heat Release Rate Fire release rates of 10, 20, 50, and
100 mggawatts (MW) were employed to evaluate ventilation
systems at different fire heat release rates—an important param-
eter in tunnel design. A-20-MW fire is.equivalent to a bus or truck!
fire, and a 100- MW ﬁre is, equlvalent to a gas tanker fully";
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is listed here. engulfed in flames. |
TABLE Ta et o R =
As-Conducted Fire Ventilation Tests ' * :
Test Number Veﬂﬁlélﬁon System Flre!81ze | Ventilation Ventilation Rate JAddltlonal
" -(MW) | Response.Time | ¢ o o paL Com‘nents
~ s :
101CR Full Transverse 10 " 2min - 65 "Bl e ~:commissio;14ing test |
" 102 Full Transverse 20 ) 2 min 25 9(:).‘ i -
102R Full Transverse 20 2min - 25 290 >
- 102R1 - | - Full Transversc 20 2 min 25 9 -
103 Full Transverse 20 2 min- ; - 65 i 60 ! -
= 304 Full Trancverce 20 Pre-flire i 25 20 ‘
e " 25 99
165- = Full:Transverse -20 2 min -~ 254 = 60 - )
106 Full Transverse 20 2 min - 58 70 : (
107" Full Transverse 20 T 5 min 65 60 :
~ 108 Fuli Ll"ransverse 26 : 2 min 45 | 40 -
109-- - L — 20- ~ 5 min 45 | " a0 " vk
110 - Full Transverse 50 Pre-fire- 25 = | 2lgg
") i 65 ™ €0 s -
111- Ful‘l'-"'fransverse 50 biLls 0-min I 25 el '90 o "
112A Full Transverse 20 2 min 100 100 note 4, ., I
113A Full Transverse 50 0 min 100 100 » note 4" " -
115A Full Transverse 50 «. 2 thin b 100 u‘- 3 +100 -; . 4. notes 2, 4
- 1268 Full Transverse 20 2 min 25 100 note 4
’126BR1° Full Transverse '~ 20 2 min”’ 25 100 © |7 HotdW
! 128B ‘ Full Tréﬁsv,cr.ﬁc 20 Zﬁlm ‘A 65, 106_ ) : .',note_4w, ?;n.,;
202 : Partial. Transverse Exhaust . . 20 2 min — 80 Al ’
203 Tartill Traisverse Exhatst' |© + 20 2:00; =i 70 ot
" 205 |"Partial Transverse Exhaust | 20 ' Smid B 80« 7 71 el
2077, | Pattia) TF;.IJ%‘(?FS?-,EXh@q:%‘Er(; .20 4|, 2min i ' 80 . . note | <.
2084 1%l Partial Trafisveise Extigust i« 120 il 33seqii,. 5 ,‘—- A o 80 . fafair i) . s
e 210 Partial Transverse Exhaust 20 “ 2min R 80 “tifu U9 fote3
212 " Partial TraiiVéise EXRERE0” 20 2min v et e 80 2 . nowes -
| 214A | Partial Trangborse Bxhaust | 50 [0 amint [ smlet ol ygges ’
| 2154 |, partisl TransverspBxhaust. .|~ 50, ], 2min [T 2T g ]
Gl 2164 Partial Transverse’Exhaust: {1 2min w0 et el oo 00 g of - 1 note
27A Pdttial Transvefse Exhihist™ |~ 507 “[ % amin v [P e o ek g 00 noteg B
: fo . BE . - e
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TABLE 1a

’ ‘ As-Condueted Fire Ventilation Tests -

i

(Continued)

1:218B ‘ Partial Trarisverse Exhaust * 20 2 min — 100 note 4
7478 Partial Tranéverse Exhaust 20 2 min ' — 80 note 3
248B Partial Transverse Exhaust 20 2 min — 100 note 3
249B Partial Transverse Exhaust 20 Pré-fire — 25
— 80
J598 | Partial Transverse Exhiist | . 20 2 min — 40"
— . == =
223 Partial Transverse Supply * 20 2 min 65 — supply at roadway
226 Partial Transvers'é Supply 20 2 min 65 - supply from ceiling
227A P.lali'tial Transvetse Supply 20 2 min 90 — supply from ceiling
244B Partial Transverse Supply 20 2 min 45 — supply from ceiling
229 Two-Zone Partial Transverse | 20 - 2 min 140 120 note 3
230 Two-Zone Partial Transverse 20 2 min 100 85 note 3
231 | Two-Zone I;a;'rtial Transverse ) 20 i 2 min 70 60 riote 3
233 Two-Zone Partial Transverse 20 5 min 95 85 note 3
235 Twb-Zone Partial Transveise | - 50 2 min 110 110 note 3,
236 Two-Zone Partial Transverse | 50 2min - 150 150 e R s |
238A Two-Zone Partial Tflﬁ'nsvér'se' 50 2 min 150 150 : note 1, 2
239 Two-Zone Partial Transverse 100 2 min 171 l ll?l note 3’l
245B Two-Zone Partial Transverse 20 “2min 135 g 1'15; :
"246B Two-Zone Partial Transversé 20 2min ° 135 115 note |
250B Two-Zone Partial Transverse 20 2 min 60 60 '
251B Two-Zone Partial Transverse |~ 20° 2 min 100°- 100 f
Notes: i

{1. Vehicle Silhouettes used.
2. Foam suppression system used.
:3. North and/or south pertal openings adjusted.

4. Tunnel infull transverse configuration with vent11ated length of? tlmnel shorteriéd to 2300 feet. =

I
Ventllataon Rate The ventilation rate was varled to deter-
mine the most effective operatton for each ventilation system
2nd to,acquire data for the varfous fire heat release rates over a

range of ventllat1on rates. . , ‘ e g

Ventilation System Response Tlme The vent1lat10n
system response t1mes of 0 2, and 5 minutes were used to assess
are how far ‘and how fast the- smoke will spread prior to the oper- -
ation of the fans, and how thé response time affects the ultimate
Ventilatiom system capacity required to manage smoke.

" Povtal ‘Opening Adjustments In some tests, the north and/or
south portal openings were adjusted to vary the longitudinal a1rﬂow .
across the-fire site. In this way, the longitudinal air velocity across -
the fire was_varied while malrltalmng a_given exhaust rate. This .
provided insight into the importance of longitudinal a1rt;low inthe
management and control of smoke and hot gases produced by a

tunnel fire. - =
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Use of Vehicle Sllhouettes Vehrcle silhoukttes consrsted of
rectangular steel plate structures that were placed in- the
airstream to simulate the blockage effect of yehicles stopped in
the tunnel. Three sithouette sizes were used to represent.each of
the following vehicle fypes; passenger cats, vans, and tractor
trailers. A “total of 16 s1lhouettes were used 9 represenfmg
passenger-cars, -4 representmg vans, and 3 representmgtractor
trailers, The silhouettes were placed along the tunnel‘roadwa:
between the ﬁre srte and the mldppmt af the tunnel upgrade o)lr
the fire. . A ] S h

R i1 :I!l‘? ! fli"‘

Foam Suppressron System Use A foam suppressron
were tested w1th the ce1l1ng in plaoe and W1th the cellmg
removed, Of intgrest was Whether high longrtudmal atrvélocities
could alter the discharge path .of the foam; ldeﬂectmg ‘the foam

~ away from the fire. "l“he foam suppress10n system effectlveness
was observed: for various phys1cal conﬁguranons long1tud1nal



TABLE 1b

As-Conducted Fire Ventilation Tests

Test Ventilation System SPE Opéning’ Fiif‘e.l' "“i’/e'ntil_ation‘vl Ventilation Rate | Additional Comments
Mizmmbier _Lqéélidh" ~ Size (ft%‘ (Is;:z:/) *thls‘::i)lzse \. | Supply | Exhaust |
i . e | (cfm) | (cfm/f), f ‘
301A Partial Transverse with SPE LY 3000 20 [ 2min i — T 110 . Az 2
302A | Partial Transverse with SPE 1 100 20 | 2 miip ) — _ 100~ * note3 )
303A Partial 'l‘ransyciyseﬁwighxsgl;‘ 1 100 20 2 min ' e O ! nofg} ]
305A Partial Transverse with SPE 1 100 20 " 2min - 85 note 1,3
306A | Partial Transverse with SPE | 2and4 | 300and300 | 20-|  2min — " mo™ !
309A | Pastial Transvers with SPE 1 200 50| 2min — | Moo | i
312A | Partial Transverse with SPE 2 300 50, 2min | — nelit | T a5
313A Pa;tial Transverse with SPE 2 200 1 50 2 min - 100 s
| 3388 | Portial Transverse with SPE | 2 300 20 0| 2min 10 un| ¢ o
339B | Partial Transverso with SPE 2 300 20 | -5min TR
340B | Partial Transverse with SPE | 2 100 20 | 2min — | ™o “
341B | Partial Transverse with SPE 2 s 100 20 2 min g — o) =65~ | .
342B Partial Transverse with SPE 2 100 20 2 min — 85 i
343B Partial Transverse with SPE 2 100 20 2 min — 0100
344B | Partial Transverse with SPE 200.- 20 - 2min - _8s i note 3. - _—
345B | Partial Transverse with SPE 2 200 20 2 min = LI E :
3468 | Partial Transverse with SPE 2 200 20 | . 2min — q| 100 |7 - '
Test . Ventilation Systern Oversized Exhaust Port'| Fire | Ventilation Ventilation Rate | Additional Commenfs
Number 'Iypel (:/[i::/) ] R(:Is‘ﬁ:)l::se Supply | E: xhéﬁsl; ..
Al (cfmAf) | (cfm/lf)., 3
| 403A | Partial Transverse with OEP Fusible Panel 20 2 min. - e LA :
407B | Partial Transverse with OEP Fusible Panel 20 |7 Pre-ﬁre — 35 !
e 85
408B | Partial Transverse with OEP Fusible Panel 20 2 min = e 85 4
' 401A | Partial Transverse with OEP Fusible Panel <5_0[ A 2 min — | i ‘],(),0- At J _,‘ b
404A | Partial Transverse with OEP Fusible Link Damper 20 2 min — _'»‘_'A‘_“_85 "J‘_"‘ 1 T '
Test - Ventilation System Single Peint Opening ‘| Fire | Ventilation | - Ventilation Rate ~ | Additional Comments
Number Location® |  Size (f) (1\5/;\113) R(?Isg:)l;lse bupply( gfiiﬁxhaqsf__ et
314 Point Supply 3and4 | 300 and 300 10 2min  Bfeis 1 1‘5;000_:'- S ?J;J i ‘-hoie;B’::'s/‘f :
ile T ot Supply | | 3andd | 3008nd300 b 20| - 2nm 140,000 T Thote 3
IMA” 15 - °PYint Supply foes pronf I ggo! o Pl 2ein [P0 1903000 o AT s ot
T R T M T
1715 Point EXhaUsE sisl ot @1k oo 1004, | 20 2 it 295,000 12 i [ oy .
318 |7 71t Poiit Bhaust™ aoy o bongoet | 50 | 2misur o} w0 440,000 0 noted |
319A Point Exhiust i sl g 50 ‘| 1 min'm| 1364000 ¢ '
320A"] """ Point Exhaust 4 30 0. | S 2min Lo 670000 1T note 2,3
¢ vane oo tsnigs 0 il ) Autt e o bady gt
4
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TABLE 1b

(Continued)

As-Conducted Fire \Ientllatlon Tests

Ventilation | ;o Ventllatjon Initial Number of Jet Fans in
est Numberi St Fire Size (MW) Response Time Gheration ~t * s Additional Comments
501, Natural 20 4 r il -
502 . Natural 50 i — i -
i T — e —
605, , Longitudinal : 10 0 min 15
(15 Jet Fans)
606A Longitudinal . 10 5 min 2 )
(15 Jet Fans) b
607 Longitudinal 20 0 min’ 3
(15 Jet Fans)
608 Longitudinal 20 2 min 3
(15 Jet Fans)
610 Longitudinal 50 0 min 5
-(15 Jet Fans) :
611 Longitudinal 50 2 min 5
(15 Jet Fans)
612B Longitudinal 50 5 min 5
_ (15 Jet Fans) i
615B Longitudinal 100 "2 min 6
(15 Jet Fans)
617A Longitudinal 10 - Omin 5 : " note 1
(15 Jet Fans)
618A Longitudinal 20 2 min : 2 " notel
(15 Jet Fans)
_- 621A Longitudirial 100 0 min 8
3 (15 Jet Fans)
622B Longitudinal 50 0 min . 5
(15 Jet Fans)
623B Longitudinal 20 0 min 3
(24 Jet Fans) | 3
624B Longitudinal 50 2 min"’ 6 ¥ note 2
(24 Jet Fans) . |
625B Longitudinal 100 0 min 9 note 2
(24 Jet Fans)
Notes:

1. Vehicle silhouettes used.

2. Foam suppression system used: ‘

3. North-and/or south portal openings adjusted.
4. Point opcmng location designation: (1) 142 feet south of fire; (2) 143 feel north of fire; (3) 293 feet north of f'm. (4) 43 feet north of ﬁre

air velpcities, and fire heat releage rates. Secondarily, the foam
i Su‘ppre's's'io’n' system was 'iri'sta’lled'a"s asafety precauti(')'n‘. 2

: Ventllatlon System Tunnel Conflguratlon(

For each ventilation system, a specific tunnel conf igura- |

~ tion was required to allow. for correct implementation and
operation of the ventilation concept. When necessary, modi-

fications to the overhead air duct were made to cConfigure the
tunnel for the desired concept. Figure 1 illustrates the original

BN:97-6-4

Memorial Tunnel ductand celllng configuration, and Figure 2
deplcts 4 Memorial Tunnel cross section. In additiofi,” ;a duct
 bulkhead located at the: midpoint of the funnel could be opened
or closed to allow for single-zorie or two-zone ventilation. The
dugt and ceiling configurations for the ventilation systems for

“the various ventilation schemes are described below.

Full Transverse Ventilation The mid-tunnel duct bulk—
head was not in place, and openings in the duct dividing wall
were covered to allow for separate supply and exhaust air ducts.
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; I. B !’!‘he ports,m the ce:lm g 1|n the exhaust duct were balanced to
provmq for u;p;form exhau;l; over the. fu],l length of the tunnel
The north portal central fans were dedicated to the exhaust duct.

-The ports-in the'ceiling.in the supply duct:were closed;and the

"supply’ flies along the west'Wall'weté balanced to provide for
dhlform §upply over the full length of the’ tunnel The supply
ﬂues dropped down W1 1n‘.the wall fo mtroduce supply air at the

B

roadway Thc south portal ce{ntral fan$ '\ﬁé'rF dediéd‘é‘d”t’d 'iill_e

_s_upply ql ct.

(After the tunnel was conf' red for full transvers,e vemlla-
tion, however, the central fans v were unabIe to ach: ve the recom-
mended rmmmum 100 cubm f?et Per minute of'z air per lane-foot

“of tunnell (cfm/lﬂ for’ both suppiy and cxhaus{ Tb1s was due to
‘the’ Iarge resmtance to alrﬂow in the’ c[qcts created by lnsu!ahon
ihat lhad 1o be added durmg construcnon Because of“ the 1rnpor-

v
JoTenny
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Figure 2 Duct configuration for full transverse ventilation.

i =

North Portal 14

Ceiling Exhaust
Port (Typical)

South Portal

Il

|

A Road Supply i
i Flue (Typical) : |

Duct Dividing
Wall |

Figure 2 Modified duct configuration for full transverse, ventilation.
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tance pf testing at 100 cfmi/If, additional modifications to the -

tunnel were made for tests having 100 cfm/If ventilation. To
allow for this ventilation rate, the ventilated length of the tunnel
was shortened from 2,800 feet (853.4 m) to 2,300 feet (701 m).
This was accomplished by closing 500 feet (152.4 m) of supply
flues and exhaust ports closest to the north portal and rebalancing
the active flues/ports to provide uniform supply/exhaust over the
2,300 feet (701 m). Figures 3 and 4 illustrate the duct configu-
ration for full transverse ventilation.

Partial Transverse Exhaust Ventilation The mid-tunnel
duct bulkhead was not in place and the openings in the duct
dividing wall were uncovered so the dugt would act as if there
was no dividing wall, with the north and south central fans
utilized to exhaust air. :

The ports in the ceiling were balanced to provide for
uniform exhaust over the full length of the tunnel, with the north,
and south central fans operating to exhaust equal amounts of air.
For gase of balancmg, only the ports in the ceiling located above
the east lane north of the tunrel’s midpoint and above the vest
lane south of the tunnel’s midpoint were utilized; the others were
“closed. [ igure 5 illustrates the' dut‘t conﬂguratlon for partial
lransverse exhausl ventllatlon ’

.' Parlial Transverse Supply Ventllauon from Roadway
F or this ventllatmn system the mnnel was conhgu;ed as for full
lransversc ventilation. 'The south central fans were operated to
supply air, which was introduced at the roadway. The north

BN-97:64

central tans were not operated' Figure 6 illugtrates the duct
configuration for partial transverse supply ventilation from the
roadway::’

Partial Transverse Supply Ventilation from Ceiling For
this ventilation system, the tunnel was configured as for partial
transverse exhaust ventilation. The north and south central fans
were operated to supply air, which was introduced at the ceiling.
Figure 7 illustrates the duct configuration for partial transverse
supply ventilation from the ceiling.

Two-Zone Partial Transverse Ventilation The mid-
tunnel duct bulkhead was in place in order to divide the tunnel
into two ventilation zones. The openings in the duct dividing
wall were uncovered so that each zone in the duct would act as
if there was no dividing wall. .

The ports in the ceiling in the supply zone, the zone north of
the bulkhead, were balanced to provide for ypiform supply over
the length of this zone. The ports in the ceiling in the exhaust
_zone, the zone south of the bulkhead, were balanced to provide
for uniform exhaust over the 181 gth of this zone. The supply flues
“wert closed. Figure 8 illustrates ‘the'diict’ conhguratlon’tm two-
.zone partial trangversé veutilation. ER It MR R

- LiPartial ;Transverse : Exhaust Ventllatlon with pSmBle-
.Point Extraction For this ventilation system, the,. funnel was
configured as for partlal transverse exhaust Ventllatlon In addl-
 tion, large, normally closed opemngs 'm'the celllng were utlllzed
The pérts in the ceiling Were balanced with the smgle—pomt
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Figure 7 Duct configuration for partial transverse supply ventilation from ceiling.
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extractioti'opgtiings (SPE) closed fo prov4de.fqpumform exhaust.
over the full length of the tunnel. i

1

Four SPEs: were Jlocated in the tunnel uellmg——one south of
the fire and three north of the fire. One orn jore-ofthese openmgs
were utilized, as rpqmred for e;ach fite test conducted in’this -
sequence. Eachl SPE qoulhd be atljusted. from 0 to 300 fi% (27. 8

m?). Figure 9 1]!usl!tat¢s the ductJ c0+f gmdtmn for partlél lans-
verse exhaust w;mnlataon with smgle pomq extraction.

Partial, er
Exhaust Ports For this vqnt,;lahon system,. the tunnql was
configured as for partial transverse exhaust ventilation. In

‘over the full length qfthe tunnel. |

b
glonE iy ) ) S PRI

-additien, Sd ft? (2:7-m?) of oversized exhaust- -ports (OEP) in
the ceiling were utilized. The ports in ithe céiling were
balapced with theOEPs losedjto prowdb for uniform.exhaust
? I r

i |

Nine pairfs qf overSlzed bpt}nmgs were located in the

‘tunnel ceiling. Seven pa:rs 'were spaced 130 feet (9.1 m) apart
* beginning 30 feet (9.1 m) south of the fire site and extending
| .porth. Theotter twé pairs were located 295 feet (89.9.m) north
' ofthe fire diid 620 fect (188.9 m) north of the fire (mid-tunnel).

In this ventilation concept, two-different systém' configy:
rations were employed. In one, all nine pairs of oversized

BN-97:6-4



Ceiling Supply

Ceilihg Exhanst’
Port (Typical)

Notth Portal’ _ Port (Typical) South Portal
l 1]
| Duct Dividing
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Figure 8 Duct conﬁguratzon for two-zone partial transverse ventilation.
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Figure 9 Duct conﬂguration for partial transverse exhaust ventilation with single-point extraction.

openings were used and they were equipped with fusible
panels. In.ihe other, only the first four pairs (from the south)
were uged. These openings were equipped with steel, spring-
loaded dampers restrained with fusible links. Figure 10 illus-
trates the duct configuration for partial transverse exhaust
ventilation with oversized exhaust ports.

Point Supply and Point Exhaust Operatlon The mid-
tunnel duct bulkhead was not in place, and the openings in the
duct dividing wall were uncovered so the duct would act as if
there was no dlvidmg wall. All of the standard ports and

supply flues in the ceiling were closed Large, normally closed

I

Ceiling Exhaust

openings in the ceiling were used as discrete points to supply or
exhaust air. Four of these, openings were located in the tunnel ceil-
ing—one south of the fire and three north of the fire. These open-

i ings were used as required, for t'hese tests. Figure 11 illustrates the

duct cohﬁguratlon for point supply and point exhaust operation.

Natural Ventilation The tunne! ceiling was removed for
the natural ventllatlon tests. Aﬁer testing with the ceiling in
place was completed all instrumentation and equipment in the
tunnel and overhead air duct were removed. The duct dividing
wall and the tunnel ceiling were then removed. The tunnel,
after these modifications, had an arched ceiling. and the

Oversized Exhaust Ports
South Portal

North Portal Port (Typical) ; /— 7 pairs
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Figure;10 Puct confi 'guratlon for partial transverse exhaust ventilation'with overs1zed ’exhaust ports
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distance from roadway to grown was approxrmately 26 feet

g ( 7 9 m). Before couductmg the natural ventllatlon tests, all the

lllul,l umcutauou dl‘lu cqulpuwm de lcpmbcu III l.llU lullllt?l
,I,ongltudmal Ventilation wpth J et Fans The jet fan tests
were pertormed after the natural ventllatlon tests. Prlor to the

1& + £ Allad ~F
stait VA. Jy; nun l.l-n.ll.lll&' 15 J\,; Tans wulu W lou.uu\..u il grUups O
3, north of the fire. After the conduct of 12 tests, 9 additional
jet fans were installed, also i in groups of 3. One ofth'ese groups
was mstalled north of the fire, and the other "two g groups were
installed south of the fire.
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CONDUCTING A FIRE VENTILA‘TION TEST
Personnel

The individuals responsible for the 'day-to-dé‘y activities
of the'projéct; 4s well asithe tasks necessary for the conduct of
each fif€ test; were an ittiportant part ofithe test program. Only
‘anthfized persotinel with'specific assignment¥ and trained in
emérgency procedures were permitted to remaih on sité during

" “a test, ahd they were ‘confined to ‘the control traller‘ Project

\ 1' .ot

’ persbnnel mcluded Pt

S i e
+  test supervrsor/res1dent engineer,
* lead field engineer,

+ lead start-up engineer," HlL

A =5 1: ¢

.+ field gngineer,:

1 *. :data acquisition 9y§tem (DAS) ;echmcrauv

i r .venmﬁnqn engmeer YU BT

L

%o Juing test.group, (JTG) chdje, 5 4.
! techpical eyaluation committeg (TEC) representauve,
«ssenior ventilation engineer, and.., e -

5 R oM R sy
Prep?r'ng itrl‘)el!: Ityl i 134 SR W S0 TR
Once the tibriel . was cmﬁﬁg.ured fem,a. given wentilation
system, additional preparations (specific to individual tests)

- werd tequired 2 Thesé additionial preplirationit ificluded -

2t (4 e )
*  modifying the;fuel delrveryesystem tordeliver fuel to the
o ifgsired fuel pan(s); . o« 40 ibio sar s
*  opening the large, normally closed openings in, the tun-
« ngl ceiling, as requirgd (appligable to partial transverse

10

" ﬁuccessful performanca qf the test.

_ventilation with single-point extraction and pom‘l‘ supply

“and poinit exhaust Op’cratron), i
o '5djust1ng the ndrtn arrd soutn portal openmgs as

“required: dnd il e fhe

» erecting vehicle srlhouettes as requlred

UL

S

S ;T e E
Testmg Procedures
T S8 a1l

“The ﬁre te$ts were conducted in strlct confo,rmlty to gp.nroyed

a3l

+ protogol and safety. procedures and in accordance with the Environ-

..mental, Immarpt Statement requpred by the; Qtate of Wgﬁf‘\’lrgrma
Operational work progedures (QWP) were developed to
centrol yarious aspects of the test program. Thirteen OW.Rs were
established. While most of these OWPs dealt with phases, of the
test program not directly related to the conduct of the ﬂrel,ven,tl-
lation tests, OWP-03, “Test Performance and Control,” related
specifically to testing. OWP-03 consisted.of a sérias of tonfig-
uration check‘h_sjt_s deslgned to make certaln all suppon systems
were configured to conduct the scheduled fire ventllatlon test.
Checklists were established for the followm .support systems
ﬂre pan,, closed-mrcmt telewsron (CC’I clulled ‘water,

' compressed air, dataa qmsmon fire protechon ﬁxcl orl 1nslru-

_mentation central fan, Jet fan, llqmd prupane (LPr) gas,and mete-
orglog;cal ‘All the §upport systems relevant to the scheduled test
‘were venﬂed accordmg to the. conﬂgurat:on checklrsts pnor to

. the start of each and every tesl

Operatldual test procedHres (OTP) were also establ:sl‘,e)d as
part of the test program. An OTP was prcpared for every fire test
before the start of the test. OTPs were prepargd by, the lead field

gngineer and reyiewed for accuracy by the JTG chagir or desig-

nated TEC representative. Customized graphics, ,trends, and

tables that presentegd test data, while, each fest was in_progress

were used to aid test mOmtormr, An OTP dcf ined the test objec-

. tives.and outlined the specrﬁq procedures to be follee;i for the
Wi llean B

. After the OTP was. p)'ppared and revrewed qnd after all

support systems were configured properly, testing commenced.

.sDuringa test, all systems were monitored and gontroljed by the
. lead start-up engineer using the DAS.and CGTV cameras. The
.. JEGehair ar designated TECxepresentative and the senior venti-

lation engineer monitored the test using DAS computgrs and the

. BN-07:6-4
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, ,tratlonls

CCTV cameras and recommended changes, if necessary, to
the operation of the test while the test was in progress. A
customized. graphic user interface of the DAS displayed test

conditions in real time that aided this decisionmaking process.

In addition; a test could be halted at any timge by erther termi-
nating flllel delivery and/or employmg the' t‘oam suppress1on
system. .

At the completion of each test and upon reckipt of initial
test data; the TEC representative and the ventilation engineers
prepared and signed a test synopsis that summarized the test
and detailed some test observations regarding temperatures,

carbon monoxide (CO) concentrations, and smoke movement. _

Graphs were also prepared that focused primarily on fan
airflows, fire heat release rate, temperatures, and CO concen-
s by o

After( dach test in the 1nterest of obtammg max1mum
benefit from the tests, the TG performed some prehmmary
data analy51s on the test to determine the operatlonal proce-
dures for the next scheduled test.

USING THE TEST DATA

Vit o et
On average, each fire ventilation test yielded approxi-

‘thately ‘thté€ miltion” points of data and séven videotapes
‘containing’ footage of the test Because of this large volutne of

m‘formatlon the te'st ddta were reduced to a graphicat format
O tacilitate and supportthe efforts of examining and analyzing

Zth'e data. These graphics were included as part of thé compre-

: herisive test report of the Memorlal Tunnel fire vent1latron test

_ 1ng reports.

'fproglam SN : W

i i ¢ £l

Tes:? Data Reduction

The data trom each test were documented by the follow-
Test Summary Fhe test summary lists the test number,
test date, niominal fire size, sequence of test events, and other
pertinent information specrf‘c to each test.
Point-in-Time Graphics Each page of these graphics

: shows the instantaneous value (“snapshot in time’ } of impor-

tant variables at pretest conditions, every minute from 0 to 6
minutes, and thereafter every 2 minutes. Specrl"cally, each

“pomt-m fime graphlc depicts the followmg

« - " Test number.’

*  Nominal’ ventilation rate ‘(for tests using the central
fans). A il i

g Jet fan operation (for tests usmg the _|et fans)

* ' 'Actual fife hieat release rate.

+  Air témperature dlstrrbutlon in’ the tuhnel—temperature
measurements taken at various elevations at*15' loca-
tions i the tuinel were used to develop the temperature
contours.’

¥ Alr- Ve1001ty at the" mstrumentec. ‘cross” sections—air

veloc1ty measurements takeni at various elevations at 10
Tocations in the’ tunnel Were used to create air velocity
cprofiegl® < ey Gl e EERA

‘BN-97:6-4

*  Bulk tunnel airflow—bulk airflow was calculated using
the measured air velocities.

*  Smoke position and camera visibility—footage from the
various CCTV cameras provided information on smoke
position and relative concentrations. Visual observations
of this footage, regarding smoke position and density,
were represented on the smoke graphics.

Time History Graphs Graphs of the important variables for
the duration of the test are presented in the form of variable vs. time
graphs, Specifically, the graphs developed for each test include

... central fan airflow (for tests using the central fans);

*  air temperature through the central fans (for tests using the
central fans);

*  fire heat release rate—ihcluding a calculated value, which is
based on fuel consumption, and a cofrected value, which is
the calculated value corrected by an efficiency factor calcu-
lated using'carboﬁ monoxide and carbon dioxide concentra-
tions;

"+ bulk tunnel airflow at the instrumented cross sections;

* air temperature for _the various elevations at the instru-
mented tunnel cross sections;

+ air velocity for the various elevations at the mstrumented
tunnel cross sections; and

+ carbon monoxide: concentrations -at the various sensing
points throughout the tunnel.

Test Data Analysis

The primary objective of the data analysrs was to determine
the effectiveness of the various tunnel ventilation, systems and
configurations on temperature and smoke management during a

.. fire jin the Memorial Tunnel; The point-in-time graphics and.the

time history graphs wergthe tools used to accomplish.this objec-
tive. These graphics facilitated test-to-test comparisons that
were essential in 1dent1fymg the capab1l1t1es of each vent1lat10n
system. i 0 ;

Comprehensive Tes: Report . |

The comprehensive test report is coniposed of nine
volumes. Volimé 1'¢onitains background information ot the test
program, a description of the test facility, results of the data anal-
ysés, and findings‘and conclusions of the test progténi. Volumes
2 through 8 are a compilation of the reduced data for all'the tests.
Volume 9 contains the field test synopses for all-fite tests, as well
as the phase I report. A synopsis that summarized prellmmary
test observations was prepared at the conélusion of sach test. The

t rvolumes contammg reduced cata are as follows 2 G

. Volume 2 Natur
tion with Jet Fans

<~ 'Volume 3vFull Transverse Ventilation TV,

*  Volume 4: Partial Transverse Supply and Exhaust Venti-
lation: v ¢ el

*  Volumé 5: TWO=Zone Partial Transverse Ventilation

S il

.Venttlatron and Long1tudmal Vcnnla-



Volume 6: Partial Transverse Ventilation with Single-
Point Extraction

Volume 7; Partial Transverse Ventilation with Oversized
Exhaust Ports

Volume 8: Point Supply and Point Exhaust Operation

12
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