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I 6~. Ab ,,,oct

~the sensitivity requirements for bomb chemosensors in air transportation
facilities depend in part on the extent of vapor attenuation that occurs
between the point where bomb-characteristic vapors escape from the bomb
enclosure and the site of the chemosensor . The magnituded of this attenuation
parameter for various possible bomb locations were explored using Freon 12
as the bomb vapor simulator and a halogen leak detector . The facilities
tested included : the passenger cabin , luggage space , and the lavatories of
DC-8’s and 707’s with the aircraft parked and while the aircraft were taxied .
Also , tested were the cabin of the 747, a mobile lounge, a passenger jetway
and check-in counter , a baggage conveyor and baggage containers . The exact
location of the chemosensor in the DC-8, 707 and mobile lounge was not found
to be critical and the detection should be possible in 10 minutes or less.
In the 747, chemosensing will be needed in several locations . The jetway
appears to be a preferable location for passenger walk-by screening.
Chemosensing of bombs in baggage or on conveyor belts requires elimination
of major drafts and may present a response speed problem. Baggage loading
containers present no special problem. The above assessments app ly to detectors
of reasonable sensitivity.
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EVALUATIN G SENSIT I V ITY REOL J I REMENTS
OF EXPLOSiVE VAPOR DETECTOR SYSTEMS

1. BACK G ROUND AND OBJECTIVE

Cu r r e n t  bomb de tec t  ion  sy s tems  depend on iden t  i t  v i  ng I ra ce
quantities ot vapors e m i t t i n g  f rom exp l o s i v e s .  The s e n s i t i v i t  i c s
o t v a r i o u s  e x p e r i m e n t a l  de t ec t  ors can he es tab  I i  shed ; s t i l l  t o

be det  ct-m ined is the  sensi t. iv i  t v ac tua l i v  requl red 1(~ pt -~~• I I c.I

app l ica t Ions aboard  a i r e t -a  f t  or In  h~i 1~~ i 1~c hand I ing svst e’~us

~ imi l a r l v , t he opt imu m l o c a t i o n  of the d e t e c t o r  abo ard  j~~~t-a f (
or a t  a I rpo r t fac I Ii t ies  has not been del e rmi ned . Thu s • i t  ‘.‘a s
t he oh je c t ive of this studs ’ to g at h e r  the  in fo L ina t  i o n  nece ssa ry
to est  a b i  ish t h e  eng i n e e r i n g  spec i I ic at i ons  of w o r k a b l e
d e t e c t i on sy s t e m s .

In bomb de tec t  iou by chemosensors , t h r ee  fac t o t - s  c o n tr o l
the concentration of the  d e t e c t a b l e  vapor :  t h e  r a t e  of  e m i s s io n
of  t h e  p a r t  I cu l a r  vapor  f rom the exp losive proper , t h e  ex t  cut  by
whi ch  va rious ha rriers ( w r ap p i n g s , s u i t  cases , et  ~ . 

‘f h i n d er  t ht ’se

vapors  f rom r each ing  I r e e lv  ~~~rj 0~~ air and the extent  to w h i c h
t h e  v a p or s  w h i c h  l e f t  the  con t a i n e r s  a rc  f u r t h e r  a t t e n u a t e d  in
air before reachint~ the ~1et t’ctor site. l’he first t w o  ar e

spec I f t c  to the  exp l o s i v e  and the geomet rv and ti ghtness of t he ’

c on t a i n e r .  The a t t e n u a t i o n  which occurs  by a d i l u t i o n  i n
turbulent eddying a i r  is not s i gn i f i c a n t l y  s p e c i e s — s p e c i t i c .
The work , a s requested by the  cou t  r ae t , dea l t w i t h  e s t a b l i s h i n g
t he ext ent  of at  t enw~ t ion of  vapors  in several  a I r t t a  n sp or  1. a t  i on
r e l a t e d  f a c i l i t i e s .

S ince  the  a t t e n u a t i o n  of vapors  In b u l k  a i r  is not s p e c i e s —
spec i ti c , it could  he exp lored u s i n g  a n o n — t o x i c  n o n — e x p l o s i  ~c
s im u l a n t (tracer) ~as , Freon 12 , in s t  cad of expe r imen t  i u g  w i t h
exp los ives  which  would  have i n t r o d u c e d  ex t reme op e r a t i on a l
d i f f i c u l t i e s .

1
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Specifically, this program was directed toward evaluating

four facilities :

1. Airc raft such as 747 and 707 size
2.  Mobile lounges at Dulles Airport

3. Typical  baggage handl ing systems , both open and
enclosed type

4 . Boarding gate posit ions .

2
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2. v \ i’l R l~ tEN’l’Al, ~~ iv i P~t F N r

Uh e ’ t echn i que’ use ’d I t i t he p r o~’, t .eni \~‘ .I s i t ’  1 a t  I v e t  v s im p  I c
5.1 I t ’  and  s t ra i ght  I r w . t r d  . the ’  vj p~ r e~~t t C I  t i ~~, t t o m  an c x p  l o s t  ye

t~ .I s s i mu t a t  ed by r e t  ca s i i t  ~ Freon  1 2 ~‘,a s a t  s t ’ 1 ccc  ed t a t  t ’

Two sm. t 11 c v i i  tdt ’ts a t  1’t’ea u 12 t~ere  i t t  i i i  :ed as C he I - i c o n

SOU r e ~ ‘ . cv i t  tid e’ r was  at  t . tc  he~1 a a p r e— c a i i b r a t  ed t 1 ow

met  i~ t and  p o s i t  i a t i ed  in s  i ~I e  a t vp  t e a l  , t  t t ac h e c a S t ’ . : \ t t t ’ e d I t ’

v a t  \‘ (‘ p r ov i d e d  t l aw  ad i u s t  meu . t t  t h e  d e s  i r ed  r5~t c ;  lie
i t e a t i  ex h a u s t e d  t h t o u c ,h a sma 1 1 t u b e ’ si  i ~ l i t  l v  u t o t  r u d i t i ~, t

I h t ’  ho t  t am at  t h e  e a s e .  U h i s  c ’ v t  i u¼ l e t  wa s  t t s t ’d i n  some

ha ~,,g.t  ~.e t es t s and  i n  t he pa s senge ’r c,a t e I t ’ st  s l i l t ’ see 5 ’; t d

c v  t i n d e r  was  cue lose ’d i n  a sma 1 1 , c 5 i r d h a a r d  h ex , he I - i  eon

was Fe ’ le ased  t L i r o u g l i  .i t u b e ’  p r o C  r u d iu g  t ro in t h e ’ s ide ’ ~ I C he

box . [l i e  110w t a t  e was  p r e set  tw . td  us I i  ug a need I t ’ ~‘a I y e ’
a h l ac k  va 1 ye p er m i  C t e d  t a p i d o n - a t  I e’ou c  r o t  . Ub i s p a e k t ~’e
was  used In  t l i t ’ ma a r t  C v  a t  t ile’ a i i c  t a t  t e s t s  and i i i  s a c

1~a~’,~~a~’, e l u n d t  in , t e s t s .  i t  w ou l d  f i t  u n d e r n e a t h  au  a i  L -

c a t t s eat  or c ou l d  he p i .t ~~e’d i n C he ay e ’ he.t  d I u~~~a , e I . c ~

.\ st  ~u icIare i  t ia l ace ’ti l e ak  de ’t e ’ct or  s i m t u l a t  ed C he

d~’t (‘C ’ t o t . Iii i s  1 t i s t  rumt ’i i t • ~ e i l e t . u 1 F l e e t t Ic ~L ’de’ 1 No . i t —  ‘
,

gun di’ t cc t o r .i nd co a t  u o 1 u U i t  s d e s  ~ tit ’~l C a ~1e t cc C s ~i . t 1 1

c ha n t’ s i n  c u r  re’ti t I ~‘t ~ i i i  ~
‘, t h t a u  ~‘h .i lie.t t t ’d seus  I nc , t ’ 1 e ‘‘ I n

t ’li t s c u r r e nt  i tic teases i n  d i  F e et  p r a p o l t  i o u  C a C he .im5 ’u a t
a t  ha l a , ei i  ga s  dr a w n  t h r o u g h  t h e  s e as  i t i ~ e t e m t n t  by  .1 s

ptt~up . .-\u C 1 cc t r ou t  e c i i c  i t . imp  1 i t i e ~ t he cit t F en an 5i

t ’0t i~~’ t ’ t t  s i t  t n t  a a ~1 i F e et  t e ’ad  o u t  u s  c on e c t u  t a t  t a n .
t o  u’~t ’ ccl cc t i On SW i t  ch pe r~u i t  s e on e  r i  t r Ot  I o t i s  as i a w  . t  1 ‘~~~

L a  he m a u i  t o t e d .  Uli i s  j u s t  rum ’ut was  one ~u C e’d i i i  l i e ’ 1 1 “ 1
l . u  h a t  . t  t or  i es C a di ’ C e r m i  t ie i t  s r e s po n s e ’  t i mc • c , u 1 t b t ’,i t I on ,

t i l e !  .1UV s ’pe ’ t’ . t t  t o n a l a ecu 1 . u i  i t  i e s.  flit’ c.e i t b e a t  i o n  and

se us i t  I v t t  v OV ( Sr  scv e t a  1 t’ a u ~~~ we t  t ’ ne.i si I ed t’ \ p ( ‘r I iie it  a 1 1 ~
. i s  t a t  1 ~‘ws t i le ’  ~~et ~~~ I uc e’ 1 t ’ i i ~ ’c t t  wa s  p 1 . tce ’J  i i i  a c ub  c a l  , s t  . 1 1 0 -

t ’SS st  cc l  t a n k  ti .u ~ ’ I u t ’, .1 VO lum e ’  a t  I i~t I . \ sma 1 1 t a n

cons I a n t  i v  c I rcu 1 a t  e’d he’ ~ i t  w t h i n  t h e  t . u n ~~~. ~\ t t t ’t  t he  C a n~~

r, 
— . - - - - -  —-———-—-— .‘-~..~~“—. — --— — — — -  — --
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h , i c k gr ou n d  c o n c e n t r a t i o n  was recorded q u a n t i t i e s  of Freon 12 -

r a n g i n g  f rom 0 . 0 1  ta  50 ml. - were i n j e c t e d  into the t a n k .
Thus response time and a ca1ibre~ ion over several ranges wer e
obtained . In addition , the effects of high humidi ty, elec tronic
adjustments , and cir cula t ing air veloc ity we re de termined and
could he used for Interpretation of data obtained in field

tests.

The leak detector is designed to operate with a 1.00 Vac

60 Hz power source. Available power aboard aircraft varies
• f r o m  28VDC to 110 \iAC 400 Hz. To provide complete mobilit y and

flexibilit y in the test program , a portable power source con-

sisting of a 12 vol t battery and an inver ter  was assembled.
The powe r source and the detector were mounted on a two wheel
hand t ruck  for  m o b i l i t y .

I
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I I; X I’  ER 1 Ml’. N’t’ Al. WO kK

‘1 h r ou g h  t h e  coopera  t ion of  f o u r  a I r i i  ties , -Vt , Ni..’ TWA a n d

• t e s t  in  p r o c edu r e s  were  d e v e l o p e d  ~ nd i’e t i  ned i n t o  w o r k a b l e

t e c h n i ques w h i c h  were  used a t  the  fou r t a c  i l i t  ics t o  o h t  a i n
v a l i d  d a t a .

1 , 1 A i  i ’cr a  I t

l i i i t Li I t es I s were  col’tLluc  t e d  ,t ho ~t rd a PC — S l o c a t e d  i n  OF

ad •t (  c l i i  I a a h , i u i c . , t  r . Gr o u n d  power  wa s  u t  t h ee d t o  ope ra  I t ’

I he’ a i t  u ro i l  equ i pmel i t  and  t o  supp  I v ape  r ot  i n g  powe r l o t -  t he

Ha loc.en d e t e c t o r . 1 1 \ ‘piea I t e s t  c o n s i s t  ed of  p o s i t  i o n  j u g  t h e
F r e o n  source hen e at  ii one al T the s ea t s  i n  t h e  F i r s t  C la s s  Laun~~e

The d e t e c t o r  wa s p laced  on .u p o r t ab l e  e a r l  a t  t h e  a f t  end a t

t he  c a b i n .  Wi Ut the  p l a n e s  rec i rcu l o t  tru e, f an s  on , t h e  h~ c k~’r o u n J
or  a m b i e n t  Freon c o nc e n t  r a t  ion in C i c  c a b i n  was  mc ’~t s ur e d  a i d

a l l  owed t o  reach e q u i l i b r i u m  . ~\ t t ime :‘ero , t he  Freon  gas wa s
re leased at a mea su red ra t e . ‘F i tue a tid cof l een  C r.i C I on 1 e’ ye 1 s
were recorded at  t h e  e x t  re -t ic ’  r ear  of  t he  p a s s eu i c, er  c a b i n  -

When t lie conc en I r a t  ion  reached a c o n s t a n t  va tue  a t  t h i s
b e a t  ion , t he  deL cc C Or t’,’. IS ’llO\ ’ e’d t o i w a  rd and  concen t  r i  t i on
leve ls  mea sured  a t  m a n y  ot h e r  p o i n t s  t h r o u g h o u t the c ab i n .

Seve ra l  v a t -j o t  i oti s of  Li i i s t e ’ch u iqu e  We ’ re emp l o v e d  L a  ga l  he r
d a t , u  w i t h  t h e  F reon l e a k  in  di. t i e r e n t  l o c a t i o n s .  One 1 i m i  t a t  ~Ot1

t o  l i i i s t e c h n iq u e  bec ome ob~ LO U S : here  was n o t  c’nau gi i  •~ t o t i u d

powe r av a i l a b l e  to  op e r a t e  a l l  th e  a i r c r a f t  . u i  t ’ c i r c u i a ti o n
svs  t ems in t h e i r  n o rma l . pre  :ak t ’o  E T I  m a n n e r  . Thu s , t h e  t e s t  s

were not t ru l v  i nd ic , i  t ly e  of the a ct  ua 1 si  t u a  t ion  common 1 \

expec ted aboard  in a i re  r a i l  a w a i t  ing I 5 u k e o f f

•\ s econd  t e s t  i ng procedure  wos d e v ’l a p e d  and was used to
conduc  t f ur t h e r  t e s t  s on a ir c  ra f t  opera t ing  under  t h e i r  own
powe r Regu l o t - t v  , a it -p  I ones are  t a x i e d  b et  wecu I he’ t e rr i i  no l
and  hanga r a rea - 1 liese a I rc ra f t  have f u l l  powe r ova i i  ~ b I  c
and the  a i r  c i r c u l a t i o n  sy s t e m  cou ld  he ope rat ed  in an y  d e s i red

f a s h i o n  . The t 5u x i runs  v a r i e d  t rom Ii ) I a uO m i t t  . dura  t io n
i r h i t r a r i l v , t h e  t e s t s  were  d i r e c t e d  t o war d s  o b t a i n i n g  d .u t a  i n

- ‘-‘ .‘-~ ~~ ‘—~~~~~~~~~~~~~~~~ --- -~~ ~~~~~~~~ —..— ,— - ——



i:~ ._!:, ~
_ ‘

~
,- ,_ S__n__ . 

~~-. - ~~~‘ ‘~~~“ ‘T  ~~~~~~~~~ ~~ ? ‘ ‘ ‘“ ‘- ‘ .——- —. -S”.~ ?‘ . #.~~ — ,~~~ - — -,,.-‘-.--‘-- — - - -—~ — - .‘ , ‘  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘
~~~ - - -

C

the first 10 m m ,  Both the F reon leak and the leak detector

were positioned at many different locations during these

tes ts. Several tes ts were made wi th the Freon leak loca ted
in the cargo space and the detector in the cabin. Two “live”

tests were conducted on occupied aircraft prior to their

departure on scheduled trips .

Concurrent with the test program , informa tion was ob tained
concerning the air c ir cula tion sys tems of the various airc ra f t.
Some of this information is presented in Table 1; the remaining

information on aircraft operation and equipment variations

does not fit into any consistent tabulation. For instance ,

all the 707’s do not have re c ircula ting fans , ins tead they
depend on the Casper (eye ball) fan to circulate air while the

aircraft is on the i~round . This blower sys tem may have a small
capacity and does not tru ly recircula te air throughou t the
fuselage . Some DC’-8’ s carry the luggage in semi-enclosed

containers ; others have hand loaded cargo areas . Supposedly,

the cargo areas of the jets do not have air circulated within

them ; rat her the air f lows between the ou ter skin and the cargo
compartment waU and thus would not support any combustion

among the cargo . But the seal between the cargo compartment

wall and the circulating air is not complete and can vary

among individual airc raf t . All ai rcr a f t have radio rack
exhaust fans to keep the elec tronic gear cool. These fans

will directly exhaust as much as 1000 CFM of air while the plane

is on the ground. Since this air is supp lied from the main

cabin it does present unusual circulation problems . (In

fli ght the air is returned to the main circulation ducts.)

Fina l l y, the ground operation of an aircraft will var’-’ with
seasonal conditions in warm weather a p lane with Freon

coolers will use the recirculating fans to keep the cabin cool

while on the ground , if the plane is cold , then the turbo

compressors will he operated to heat the cabin: this air making

one pass through the p lane and out the outflow valve . On 7 0 7 ’ s
and DC’8’s both of these systems cannot he operated at the

6
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same I i w e  ‘1 lie due C work  w i t h i n  t h e  p l a .ie d o ’ s 1 1 ( 1 1  i o nt  5 i i n  t~~t ) t

common 1ac~~t io n in which air could be sdmp led r t ’ e , a r t l l e s s  a t

wh e t h e r  i t  was r e c i r i u b o t  j og  a i r  or disc harg in - . 5 i i r  I i 4 ’ ,r u r e s  I
a 4 p r e sen t  t he des i r i  , u I r ~ i rc ii E a t  i a’; s V s t e m  ~i I  a D( ~

I” igu re ~ i s a s imp l i f i e d  ske tc- h at  t h e  a i r  I low a! t h i s  a i r i  r a

in  e i t h e r  mode at op c r a t  i o n  -

I he 747 i s  t he on I ~
‘ o i r i ra U I ‘i w 4 i L i  h 1 t e  I r I ’ s l  I i j  I s ‘.- 

~ t t n

an d  the r e c i r c L u l a t  i n  sy s t e m  c o n  o p e r a t e  s l u i l I t  - ‘ eu ’ , , s l v
Howeve r  t he , i i t ’  1 l a w  pa I 1€ I I S  - 1 1  C sw. Ii t h a t  t he ’ r i r - I - t t  t -d

ai r is in the upper p o r t  i o n  - ‘ I  C ht  c o t ’  i i  . I i t t  I t  a t  ) )  F t C  ~~l C  - ,  i t  I

ai r e e o c  lies t h e  , i l ’ j ii c let , k i g ~. I’ t ’ s 1’ m c I  7 ° C I t  -t’ t I’ t i t ’ S  I 1

a i r  I l ow  p u t  t e u n  t o t ’ t he i ’ i 7  l i l t -  s j a t ’  a t  C Fit huscl ,ugc re i ’ I It  It

s e p a r a t i o n  of  t h e  a i r  sL.pp h v  sy s t e m  l a i d  ZOI1CS I h i s  l a i ’ t-
vo I um e a t  a i r a I so requ i red tW O 4 ) 1; t 11( 1W ~‘:u I “es - e.u h va I \ t ’

e x h a u s t i n g  a i r  I ram a p or t  ion a! the i c . s e l a 1 ’ m ’  t h e  t a c t r e

c i  rcu l a t l u g  lan s  do no t  t e e d  a i o’i~mon tu:IrI  i i  t i l t !  ‘1( 1 t t i t u s  t h O t  a e,i ’ I ’ .
un ix I l ie a i r , r a t  h er  t i l e  ao l  v t f l t X 1~lg  I h i t t  4i( I t . r ~~ I S  C l 4 i S ( ’ d hv

c l i i - [U S  ~t ’l i  w i t  h i ’  I he oh i i i  I lick s , I he i i  I 1 -  ‘~~ t i le ,  I r am “ i t

Ou t  f l o w  v a t  \‘C 15 1101 t r u l y  represe’lt at 1V€ ’ 4 ) 1  t In’ a i r i i  i’ u .  l i t  I :~~~

w i t h i n  i t s  Z t ) I i t ’ s

‘1110 ci h av e  h i l t )  rma I 1011 C 414111) 1 ic~ i ed C h e  C t s t p 1 0 4 . 1 a m  I ’

a i r  y e I ac I t  v at  C L i e  at I t 1 ow vi I ~‘e i s t oo  h i  r h  t o  i dep *- i i d . t  h Ic
mca su ecu ieu i  t s  w i t  ii t he Ha I aged 1 e. uk de’ t ec t ar  - I he p 1 L ’flU lfl  & ‘la unI)e i

i uui ne tl in ~e I v ups I ream a I t he out t 1 OW va 1 ye ~i ppea 1. 8 t 0 li i ’  .1  I t )  4 ’, C ~I I
p lat e tar a det e tat but  t h i s  L i t - C d  w . t s ” ' o t  a ess i He  I or
t e s t  t o g  M e a s u r em e n t s  m ade ’ ou t  s i de  t h e  a t r ~ r , , I t  & o u l d  be

suspec t because  ~‘ I  i u t t ’I ’ t e r r l u l i ’, t ’x h L n l s t  e a s t ’ s  f rom t i e  ( ‘ ‘ ) - ‘ , i ~~~~~~~

l h ~i s  , we h t ~ - t ’ reached a pa int wh en - no 0 ’ ) t ’  ~‘nt  i - m u’ d t  t i t

b c ,  i t  iou c i i  lie i’ e o r t t m i e ’ t i & lcd t t ’ i  , t l  1 t \ ‘pcS t ’ i  -
- i t  ( r . i  I t  1 ) 1 ) 1  I i t  t ’~I i i i
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3 2  Mob i le  Lou~~~~s a t  Du l les A i r ~~~r t

The m o b i l e  lounge t e s t i n g  proceeded very smoothly l e st s
were pe r fo rmed  aboard  a t y p ical  lounge  , No ,  126) loca ted  at
Gate No , 21 a t  the  Dul l e s  t e r m i n a l .  The a i r  c i r c u l a t i o n  s y s t e m
was operated in the  norma l f a sh ion  -. h e a t i n g  or c o o l i n g  the
lounge does not g r e a t l y  e f f e c t the  a i r  c i r c u l a t i o n  p a t t e r n .
One t e s t  ser ies , made wh i l e  the  loung e  was making a trip,

d e m o n s t r a t e d  tha t m o t i o n  d id  not  g r e a t l y  effec t the a i r
pa t tern .

The tes ts were conducted in  a m an n e r  s i m i l a r  to  those
per formed on ii rc ra ft . The ha l og en  leak ~Jet  ec t ar  was i ni t i i  1 ly

loca ted near the termina l end of the lounge . A f t e r  b a c k g r o u n d
readings had been established , the Freon was released at a

known ra te  in a different location. When positive readings were

indicated on the de t ec to r  the de tec to r  was moved to o ther
samp le s t a t i o n s  t h r o u g hout  the l o u n g e,  Measuremen t s  were
made a t  d i f f e r e n t  e l e v a t i o n s , the  f ina l measuremen t s  were
a t  the i n i t i a l de tec t ion  p o i n t .  A f t e r  opening the  doors ari d
purging  out the m a j o r i ty  of the Freon the tes t  sequenc e was
repeated with the Freon being re leased  in a d i f f e r e n t  l o c a t i o n -
The results of these tests are discussed in SectLon ~~~~.

3. 3 Ba~ and l i n g_ Eq u ipmen t

Baggage that is carried in the cargo spaces of the
airc raft usually is handled in the following manner . A suit

c ase is l a b e l l e d  and then t r a n s f e r r e d  on a conveyor b e l t  to a

s o r t i ng  s t a t i o n  fo r  d i s t r i b u t i o n  to the  c o r r e c t f l i g h t  - I t
accumulates until sufficien t baggage is collected to f i l l  on
open t ruck  or a cargo container. The t rucks and/or containers

are moved to  a temporary storage area prior t o  loading tile

a irc ra f t  - One excep t i on  t a t h i s  r o u t  joe same t lines o c c u r s
A la te arrivin g passenger may brin g his suitcase to the l o a d i n ’,

C e and g i v e  i t  t o  t h e  t i c-ket  a g en t  t a r  i m m e d i a t e  h~lIld 1 and  i ui ~’

i u t  0 t h e  c~’ rga hatch a f t he  a i r~ t o  I t  -

1t~
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A series  of t e s t s  were p e r t o r m e d  ad~ a ent  to an open
conveyor belt may i t i g  at 2 ft / 5cc . 1-’reon was cant inua liv rd ea s e d

from the  b o t t o m  of the attache case at a known r a t e .  The cas -
was p laced on the  b e l t  a p p r ox i m a t e  I v  10 f t u p st  r ea m of  t h e

d e t e c t o r  s t a t i o n . Times and concen t  rat ion l e v e l s  ~- er e  measured

f o r  numerous s i tu a  t ions Th i s  conveyor was 1 o~ a ted i n  til e 0 ’ Ha t - e

te rmina l c o n s i s t e n t  r e s u l t s  c o u ld  o n l y  be ob t a i n e d  when  t h e

ou t s i d e  doors remained closed during a test. No t e s t s  wer i-
made on open convevors  used to  hand l a o - i  a i r e r a  I L  Shi fring air

c u r r e n t s  or b l a s t s  f rom movin g airc r a f t  prer  luded the p o ssi b ility

of o b t a i n i n g  any u s e f u l d a t a .

Two types  of  ca rgo can t  a in e r s  a re  common 1\ used - ‘ihe t \l’t-

used w i t h  707 ’ s a nd DC— 1~’ s ca n be cons ide red  s e m i - c l o s e d  in as
much as they have two or th ree  f i xed  s ides  and a f i x r d  bottom

The top and one side may be a t a r p a u l i n  or a section of
p e r f o r a t e d  m e t a l .  Since t h i s  t y p e  is w e l l  v e n t i l a t e d  i t  ~~O ( )

be co ns idered  as one l a r g e  p iece of luggage and t i le cL ’Ilveval

be l t  data should app ly -

A t o t a l l y c losed  con ta i n e r  i s  used 011 t h e  T4 7 i b i s
c o n t a i n e r  has a f i x e d  t o p ,  b o t t om  ari d 2 s ides  ‘1 he ~ ~~cr  t wo
sides are r ig id  and  h inged  in  the  m i d d l e  t o  n e r m i  t r ap i d
opening from either side. Severa l tests were made by ~Iacin g

a Freon leak in the container , rap idly closing tile access side

and probing the Outer perimeter with the hal og en l e a k  1 i et c c t o r

All baggage handling tests are discussed further in ~
-
~~‘c t  ion - s

3.4 Boarding (ate Positions

Tests  were conducted  i n  t h e  w a i t  i r ig  a r e a  and in  a t v p . i  a l
,j e twa y .  One series of t e s t s  cons i s t ed  of  p o s i t i o n i ng  t he  l e a k
d e t e c t o r  immedia te l  v behind  the  passenger i’ e n t ‘ s s t a t ~on and
ca r ry ing  the a t t a c h e  case with Freon ii owi Ii : from ti le h a t  t am

pas t  the t i cke t  c o u n t e r .  ‘l’he t ime  to  m a x i m u m  r e s p o n se  a t  t h e
leak detector was the critic al ta ’.-tor n&’asure~ in t h e s e  t e s t s

Othe r t e s t  s were per ía rmed w i t h  the I en k det e c t a t  1 o~ .i C c-i in

the j e t w a v  and a g a i n  i n  tile at C a c h e  ca s e  w a s  ~- a r r i eJ p o s t  t 4 i s ~-

17 
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d e t e c t o r .  I t  was observed in these tests that the location

o f the v e n t i l a t i n g  duc t s near t h e  de t ec to r  s t a t i o n  was h i g h ly
impor t an t  - as expected a genera l a i r  f l o w  awa y f r o m  the
de t ec to r  e l i m i n a t e d  any  pos i t i ve  responses .  The j e twa y , being
tunnel like in shape , limited the air flaw to two directions

More consistent da ta was gathered in the jetwa v tests - The

r e s u l t s  are  p re sen t ed  in the next  sec t ion .

i s

— 
_ _ _
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~~ . DA’I’A REDV C1 ION ANI) ANALYSIS

Th is s e c t i o n  p r e s e n t s  the m e t h o d s  of  c O l l h r ; i t i ) !i an d  d a t a

r e d u c t i o n  a l o n g  w i t h  t h e  r e s u l t  s arid ann  lvsis of the dot a o b t a  i ned

u nder t h i s  can t  r a c t  - The de t ec  t ar  u sed  to s im u l a  I c -  a bomb

d e t e c t o r is a l e a k  d e t e c t o r  which m u s t  be ca librated t o  H e  ~ b 1e

t o  J e t  eu-mine c onc c - i t t  r a t  l O l l  l eve is - Once concent rat i on 1 c-ye I
have  been o b t a i n e d , t h e  at  t enua t ion p o r n - n e t  e r det e r :~i n i  r i ’,

s e n s i t i v i ty  r e q u i r e m e n t s  i i , i v  he c ,u  l c u i a t e d  -

The a t  t e n ua t i an  pa rome t e r  , which i s the ratio of c O I I L  ent t o t  a t .

of }- rean 12 to  t he emission rate , is 1 t inie \ O r \ i  ng  f u n c  t ion s i  t i c  c

the Freon cauceul t ration ~‘a ries with time while t lie e u u i s s i  an r.~ t c

remains f i x e d , In genera l then , the  da t 1u are  presented is

grap hs of the  a t t e n u a t i o n  p a r a m e t e r  ve r sus  t ime .

4 . I Ins trument Calibration and Ca 1 cu Ia t ion of A ttenuat ion
Pa r ame te r

Befo re  any  da ta  aria L v s i s  can he p e r f or m e d , the ou t pu t of t h e
leak  d e t e ct o r mus t  he c a l i b r a t e d  to d e t e r m i n e  i t s  r e sponse  t o  a

known co ncen t  r a t i o n  of  Freon 12 The cia to taken are l e a k  rat c-

r e a d i ng s  and differences in lea k r a te  r e a d i ng s  r e f l e c t  t he
changes in concent rat ion due to  t he Freon ased as a bomb siniu 1 ant

We a r e in t er e s ted  in obtaining t h e  change iti cancent r.1 t ion w i t h

r e spec t  to an initial back ground c on c e nt r a  t i an  due to  our I- r&’on

sou rce  , In t he  t e s t i ng  we had t a cant end wi th background

concentrations arisin g Ironi leaking a i r  c o n d i t i o n i n g  sy s t e m s

and a i r  p o l l u t i o n .

The flow meters used t o regulate tile flow of Freon had t o

be c a l i b r a t e d  w i t h  Freon 12 so t h a t  emis s ion  r a t e s  c o - i  he
c a l c u l a t e d,  Once t h e  c h a ng e s  ii i  c o n c e nt  r a t  ion and the emissi on

r a t e s  a f f r e o n  12 are kn own , the  a t  t enua t ion pt rometer , t he

objec t o~ i n t e r e s t  in t h i s  i n v e s t i g a t i o n , con  be ca len  l z t t e i .
The method of calculating the at tenua tion r~a l’ nmt ’t er  I r o n  t ile
back ground  leak  t 1 u  t e  r e a d i n gs , the ‘‘cu r r e n t ’’ le a k rate read i t i - ’~s ,

and  the  Freon 12 11.ow r a t e  a r e  shown .
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u - I - I C a l ib r a t i o n  Techt l iq ~~cs

T u e  d e t e c t o r  used fo r  t h e  t e s t s  pe r fo rmed  unde r  t h i s
can t  tOC ~

.- ~ a Gener a  1 El  ccl n e  Mode l 11 —2 ha logen  l e a k  det ec t ar
an d con t r ol  u n i t  - ‘l’hie ou t pu t of t h i s  d e t e c t o r  is a halogen

l eak  r a t e  In u n i t s  of cc/ Sec . The s e n s i t i v i ty  of the u n i t  is
depend en t U~~0fl the voltage app lied to the sensitive element

o f  the unit and the ai r  samp l i n g  r a t e .  These were kept f ixed
at a meter reading of 6.0 and 4 cc /sec respec t ively .  The
actua l voltage to the sensitive element is unknown , hut an

ind icat ion is given by a reading on the leak rate meter.

(.a Ii heat ion of the I c.-i k deC eeC an and conversion of the

I yak rate rt-ad I ngs to concent r ot  I otis ~~) I Freon were oi)t a i ned

IW i l l  e eC  Ing  a known amount  of 1- reon ;ts with :i svri tige I t i t  a
a ( ‘ O i l  t a tue r a I I 0~ cm vol utite and obse rv I r ig  (lie response of

tilt Jet  cc C at- - FIgure 8 1 \ ‘V S t il e  en I I 1~ ia C ion  CU rye o I t lie
response of I he del ye tar versus Inc i- ease in concent rat Ian

of Ft- eon . Th is curve was fi t  ed b y the method of l ea s t
sqwi res t a the ta I I bra t ion do to and can best be described 1w

he equa ion :

I ‘h’ 1 ~ 
C 2. III I 1 .1 71 log 10 R (I)

wlic r c

C I s t he Freon concent ration 011(1

R I s ( lie l e a k  rat e read I u i g

Iwo rat .Inue t e i s  we Fe US V d I ii the va t-lou s t es t S C a inca su u~r

11w I I ow i - u t u - a t  C lie I- ry an  ru I en sed . T h e  s t ’ WC Fe c a i i  h ra I ed i s  y

s et  C I r ig  t lie I I ow r a t  e on ( l i e  u-at ame c t -u rid inca sti n i  r ig  ( l i t ’  I l ine

requt I red t a d i ~~ ~~l - c e a k titiW fl VO I UuuiC 0 I WO C yr - Tlit’ c :u I l b  ra t I on
CLI I VP S 0 I 1” rean I 1 (1W F:t C c versus rot .i:ue t c1 set t I ng s a ne
presen ted lii Figure ~~_
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~~ 1 .2 C a l c u l a t io n  of Attenuati on Parameter

For each test , the data recorded were the sensitive

element  vo l t age  s e t t i n g  on the detector , the ambient background

leak-rate readi ng , the Freon bomb simulant location , t h e

location at the detec tor , the rime from the start of Freon

release and t h e  leak  r a t e  reading a t  t h at  t im e .

The a t  t enua t ion pa rame te r  r , the  quart t i tv  des i red ft out

t h e  t e s t s , I s de f in ed b y

C = r’Q ( 2 )

whe r e
C is the Freon c o n c e n t r a t io n  in g / l

0 is t h e Freon emission rate , in g/ sec
r is the  a t t e n u a t ion p ar a m e t e r  in  s e c /i .

The Freon emission rate , 0, is obtained by :

Q = F . f  (3 ’~

where

F is the Freon flow rate in cm~ /sec 
-

p is the density of Freon 12 in g/c m 3 .

Therefore  b y combi nin g Equa t ions  1, 2 and 3 we o b t a i n  r ,
the  a t t e n u a t i o n  fac t -o r  b y :

2 .3 3 1
r = 

~~~~~~~~~ 
= (1) 1. 171 R 1 . 1 7 1 ) — 4 ’ 86t) 

/ , 1 . 1 7 1  , 1 . 1 ’ !
F .p  .0O~ F ‘‘ a F

• (4
’
)

whe r e

- C is the  in c rease  in concentration aver  t h e

i n i t i a l  background concent rat ion
is the i n i t i al  background leak rate reading

R i s  the  cu r r en t  l eak  r ot e  reading

p for  Freon 12 i s  assumed 1 0 be 0 . O0’ g/cm

- - -~~~~~ - - 

2 3  

-
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-~ .2  ~ jj c~ a l t_ 1~~~L~
ih e  a i r c ra f t  t e s t s  per formed under  th is  cont rac t  represent

the ni..u jar por t  ion of t h i s  researc h e f f o r t . The a i rc r a f t , a f t e r
the  arg o  has been loaded and the passengers are on board ,
is the  o n l y  p l a ce whe re passengers , baggage , and carg o are

~- o u i l n e d  to  a r el5uti ve l v small volume and air flow conditions

Can be c o nt t o l  led  l de all v a bomb detector ba sed upon vapor
“s n i t t i n g ” should be capable of detection between the time the

~i i re ra I t i s  c I ased up a t  t he t e rmi tin 1 , and the time it is

toady t a r  t a k e ’  of t~ a t the end of the runway . I t  was t h i s
period at t itne t hat t hi s rese ’a rch e f f o r t  was  directed to

Aircra ft at the 707/1)(•8 and t he  7 4 7 / D C — 1 () sizes were

C lu e pr into rv a [rem I t tested since these represent the largest

i nvestment in money and human l i f e  in the even t of a bomb
threat. A d d i t i o n a l l y  since these airc raft represent the

l ar ge st at the commercial ‘ets in size 1 detection of d i l u t e
vapors f rom a 1)01111) should be t h e  most difficult and require

C lue  I i i  glues t SCIIS i t  iv  i t  V at  .u botub de t cc t a r .

‘u - 2 - I l e s t  in& Procedure

‘ i h u e  or  I ~‘, i nn  1 p 1 an for teSt ing an board ni ren a  it  was C a
r e t  east- f reon 1 -, at  a known r ate • and  measure  the  concent  ration
hul l dttp with C h e l e a k  ra t e’ meter until equilibrium had been

u h i eved - \‘nrIou s locations on the airc i-aft were then to be

samp led t o  loc a te regions of op t ima l concen t r a t i on  b u i l d u p .
l i t is p la n was used during “stati c tests ” performed on DC— 8’ s

w i t h o u t  t he .t i r ena  f t  engines  r u n n In g  . Pride r these test

t’oti&t i t  ionS C he’ an I v a i r ci rcu I at ion system available were the’
aircra ft ret iu& t t l a t i o t i  f an s  w h i c h  o n l y  c i r c u l a t e  a i r  t h a t i s

a 1 rctdv w i t  bin the a i r e t - o t t  c a b i n .  Na lu-esh air is d r own
hit a t he CO il i tu , nor  i s any  a in exhaust ed tS in the  case wit ii
ui F r.I t power ova l iable. An attemp t at sitiiu t a t  I rig the a i r —

I l OW w i t  ii .u ire ra f t  power was tn ,ude by a C t  •ue h i  ng a C u r b  i ne
s t o u t  y r t cc k t a a IX — ~ ,inj opera t I n y . a c - h I m  compr ess or
I rain i t  but C h i s .it t enupt WaS nat si i c t~e ss [ U l  S tUC e t he Cu r h  i t ie

________________________ -
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starter is unable t o  supp l y enoug h a i r  t o  operate the c ouu1pres~~’rs
e f f e c t i v e ly .  I t  WOS t h e r e f o r e  dec Ided r h i  C a i nc - r a f t  shau 1 d ~
tested while actua liv taxi i rig - 1 he a i r line s shut t It’ ni r e m  I t

hack arid f o r t h  betw e et i  t h e  hat i -go r and te r - ni nal areas I requentl v
A typical taxi run take s a’: t lte aider of  It) ‘nm and  H ’ r - t  a t
is of similar dc. r a t  ion os t l ie  p r y  t ~ k~~o t t taxi run a I a dc p I i

ft ight at O’ h-iare a irport ‘1 his 1 en~~ Ii a I C i :nes dot ’s  not pt’ rn it

t he  t e s t i n g  o f  many  di t I ~~t cut d et c- C at- 1 a~- a t  i o n s  an b o ar d  t

a ire ra f t  hut  does a 110W e not .  gb t iuuie La mea sit i e  t ic i- at &‘ a I c a Li

c e n t rat i o n  b u i l d u p w i t h  t h e  d e te  t a r  in one p o s i t i o n . ‘ I b i s

has been the  t e s t  p l an  of  t h e  ‘‘ t a x i  test s. ’’

4 2 . 2  Mrc r a l t  ~-‘t o t i c  ‘t e s t s

In the  a i r c  rn f t  s t a t i c  t e s t s  • t e s t s  were performed w it N

the Freon 12 sou rce in the first lass , coach , and baggage

sec l ions of two s t a n d a r d  s i z e  DC - 8’ s - C o n c e n t r a t i o n  ‘nea su r eu ie- i  t s

w i t h  the leak de t ec  Cc r w e r e  C aken at  v a r i o u s  la co  110115 t h r o u g h

out the  f i r s t  c l a s s  ~u nc1 c o a c h  c 1~iss c a b i n s  and t he  m a i n  ou t  I

va l ve outs ide the aircraft. Figure 10 shows the gener a l c~~b i t

a r r a ng e m e n t  of a C vpica I , s t a n d a r d  s i ze  D C—$ as used in  thiest ’

t e s t s .  F i g u r e  11 shows t h e  d i f f e r e n c e  in t he  Lime  r e s pon s e

of  the  a t t e n u a t i o n  p n r a m e t e r , r , w i t h  the detector in t h e  c o u c h
lounge , and t h e  I- r e o u t  So u r c e Iii the 1st class l ounge , i n  t a ’ \ - 10
of the cabin , a nd in t h e  f o r w a r d  L a  rgo area . From t h i s  [iou ru
one may observe t h at  the r i se in a t  t enua t ion  p a ra m e t e r  i flt rca ~~~t s

as the  d i s t a n c e  be tween  t h e  s o u rc e  and d e t e c t o r  is decreas ed

This arises f rom the b c  I th a t ttiei -e is nei them i n s t a n t a n e ou s

nor comp le t e m i x i n g  o f  C lie 5t i r by t he Fec rct t  l a t  I n g  F ans
• F igure 12 shows t h e  di  I I c r c - n c  vs i n  t h e  t ime r i se  of  t i le

alt enua t ion parameter Nv v a t - v [rig t he a i r ci rcu tat Ian condi t i on s
with the recircul a t ion f a n s  and a cabi ti comp ressor.

In all tests where t h e  d e t e c t o r  was tuav e i l  t o  l a c o t  I o t i s
throughou t the cat’in , the ou l  v s I g i -t i t icout d i  i f e t - e t i ct ’ s i n  ( o -

at tenun C ion p a r a m e t e r  wh I c N c o t t  1 d hi’ obse r~-ed we me dut- C a C u t ’

s p a t i al  d i s t a n c e bet ween he I- re an sou rc e and t he dy t vt - C or

::
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Figure 11

COMPARISON OF RESPONSE WITH FREON SOURCE POSITION
FOR STAND ARD DC-8 WITH RECIRCIJLATION FANS

DETECTOR IN COACH LOUNGE
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COMPARISON OF DIFFERENT CIRCULATION CONDITIONS -
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Nea r ‘‘eq u i l i b ri um ’’ ( C  rue eqc~ l i i  hr  loin 1 U C hi.’ s l a t  ic t e s t s  wi ~—

never a t t a i n e d)  , t h e  d i f f e r e n c e s  due t o  t he s p a t i a l  d i s t  . in i

were m i n i m i z e d  and a t  d i s t a n c e s  g r e a t e r  t h a n  about 10 f t  wer e
all within exp eriment a 1 em m a i No p a t  t i . it li t det t or  1 at. a t io n

indicated e i t h e r  si gn I L  ant  lv N i g h t - i or  s L’,n i 11 ’. . tn t  lv  l ower

concent  ra t  ions -

In the a i mc r a t  t used I or  t he st at i c test s , u ’hc-ti th e
Freon sourc e was p lac e d  i n t he lo t u-i rd a r g o  a ci , t he I rean

was d e t e c t a b l e  i n  b o t h  t h e  c ab i n  • t r e . u  ~ui d t hi.’ tii -~ ii~ o u t f l o w

va lve  wh i 1 e the  rec i r~ u I at  ion t on s  were  t ur in  i t i g  i n  I- i go ri.’ 1 I
one may compare the  inc r ease  in  t h e  a t  e r.ua t oct 

~~~~~ 
r . tm e t  t ’ r w i t  N

t ime for  c o n d i t i o n s  where  t h e  I re on sot - r e i s I or a t  ~~i1 iii t he e i N  i n

and in the cargo area - I he ~- a u t . e s  a t  r u -i t h  t h e  s o t , r c  c in t h e

cargo a rea are ap p r o x i m a t e l y one ha l  I at  t hose  o b t ain e d  w i t  ii

the sour ce in t h e  cab in  - W i lb t h e  det cc t o m  p o s i t  ioned at  t h e

- 
- main out flow valve the rate at  inc rca se and t h e  ma gn it o  de a t

r wi th the 1-’ reon source in  t h e  c a r g o  a i- ea , a t  c onipo I it ’ it ~ to

t hose ob ta ined  w i t h  b o t h  t h e  sac .rc e and t h e  deC t~ t o t  1 Li t h e ’

a i rc ra  f t  c a b i n  as shown in  I- igu re  I

Measurements  at  the  ou t  I low valve were t aken wit ii t l i t -

Freon source in t h e  cOat.  N c t h i n , w h i l e  t h e  ret.  i mc u l o t i o n  t an~
were on , produced at  t enua t ion pa r ime t e i  s of a boa C x 1 0 ~
sec / 1 in 10 m m - ‘t hese ar e  s m i  i i  .i r t a the result s obt a to d

w i t h  the d e t e c t o r  in  t h e  c a b i n ~
In summary , It  a p p e a r s  t h a t , w i t h  r e c - i r c - . l at  t o o  l a o s  o o l ~

there  is no d e t e c t o r  lix a t  ian C ha C i s  opt ima l A t  t e n u . t ( i  o;~
parame t ems for Freon sot mc es in C he c ~i h in  appe.-i r t o  be at t l ie ’
same order i f t lie detec  t at is I at. t e d  in t lie . ~ b i :1 at  1t C he

ma in out flow va 1 ye a t 1k ‘ s - 1 i can soit mc c-s in the & - r go

areas were a l so d e t e c t a b l e  t m om b a t h  t he  c a l’ u  i n  and  I he a0t  I I au
valve . These s t a t i c  t e s t s  a re  i n d i t  a t i v e  o n l y  a t  a s i t c a t  i o n

tha t ex i s t s  w h i l e  the .i i rc c o l t  is p arked  aC the b o , i r d i  h g  ga t e’

w i t h  eng ine powe r o f f  d u r i n g  I aid i t ig  in t l  ba.t  m d i  r i g .

)4)
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Ai rc r a t t  ‘lax i T e s t s

The ai re r a t  t taxi tests u -cue  p r t ’n i p t t ’d Nv t h e  i iee- ~l f o r

more rea l ist ~~ t e s t  c an d i t  i on s  - \ i  Ft  raft onnt ’c  t e d  t o  ‘ . r o u n d
power- onl y do nat  h ave  e’iaci gii powc ’ t ~I \ ’ ~ t i l ab  I c  C o  r u n  t h e ,

c i mcii l ot  ion sv st e~iis n e t  c-s s.1 m y  t 0 S tWit 1 a t  ~~‘ pr  e I akt’o I F ~ and i t  i o n s

Since a i r c r a f t  a t e ’  re gu l~ t t  Iv shu t tle . cl l-~’t u - e t - :i h a - I L ’, a r  se - r \ - i t  C -

areas .incl t cr~’ii naE l a~ a t  i o n s  a t  O ’ i ( ~~i e  a t  c p o t  C , a r r’~i i i g e -~nt - n t  s

we r e mode w i t h  t ’n i  t e d  A i  i i  j ut’ s , ;\Ul e’r i  t at i  A l  i t  t n t -s  , nid I t o n s

War I~! Aj  m l  j t ies  t o  i - i  tie an C lie a t n  ra  i t  an d  m ak e  test s d’ .r  I tO’,

t h e se t a x i  I r i ps I n  oddi  t ion , Wi Ui C 1w c aop t a t  on a t

U n i t e d  Ai r l i n e s  an d ~o r t i i w c s t  t) r j e ’~~t : \ i r l  j u t s , t w a  t e s t s
were made . u b o a r t l  loaded  a ~ Ft ma f t  on t e ’ . c 1  l a r I  V St  h &oi- . le d

f l i g h t s .

The a i r c ra f t  t a x i  t e s t  s a m e  g rouped  esst’n I to I I v Nv

aircraft C vpe with DC— S ‘ s and ‘07 ‘ s N t ’ i ng  of  one c l a s s  • he

7-~ 7 as a not h e r , on~{ at  lie r a I rc ma f t  whi eN we’ i t’ t e S t e d  t I l t .’ dc- u t  .i 1 1

Boeing RJ7 ’ s a n d I)oug l~i s  I X  - S ‘ s are  s i i :  i i  or  t n s i :~~e- ~~i 1 1 & ‘ j  St

in  t h e i r- s t an d a r d  confL’.ur’,i t joUs i and have- sint i I_ j r i i i’

c I rcu Ia C ian s v s t e m s  - 1 he’ ~~~~ i s t rn: N 1 a!’ ~‘.e r a it ~ a I t

w i t  ii a i r  c I 1 t ’U L i t  i o n  svs  t t ’iflS Wi t i  ii 1 i ke ~ 
‘ s and  7 7 ’  s -

-~ - -~ - 1 DI S .hllci i~Ot’ i I i i ’, ‘0  -
- 1 t ’s C s

The DC- S and  07 1 a x i  t e s t  s O’ e’ i t -  i outhit t e d  on C t i ps fl_j LII
between the hotiga r incl t erminal ort ’~is it 0 i L t r e ’ ,ii I ~‘ort -

Because a t  t he  shot  t dii r ,t  l i o n  of  C hese t I ps 4, 1 vp I t  0 1 I ~ I t’sS
than  10 miii ) , a t e s t  in p r o c e d u r e  d i i  C e m e n t  t r am t h e - “st it ~~t

test s was deve Lop e d  . 1-’t’ r cat. Ii t e s t  t h e  i - i c o n  SOU I t  e w a s
p laced a t  one E ar  a t  i an whi i i  c t he di.’ t t -~ t on  u’,i  s . i t  a n a t  h e- r

When t he engines were Lu rued on atid t lie ha t  k ’ . r & ’u n d  i’e- o h i n ’ .

of the  d e t e c t o r  a l l o w e d  C e ’ s t o h i l i z c , t h e  l- i’ eoii S o ur c e ’  ~~0S

t u r n e d  on a t  ‘‘ t inie ze ro ’’ and  C he read  i ~i~’.s u t ’ cc I a k t ’ti  a t
selected intervals. i F  enough  t j n c ’  u -as ~ v.i i l~~b l c , t h e

deC ect ar  was moved to sex-era 1 lot  at  i o n s  i n  ( i i , ’ ~ ob i  u

L. 
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The t~ i xj  t e s t s  were  conduc t ed w i t h  the  Freon source at
several locations in the 1st class cabin and coach cabin ,

the cockpit , lavatories , and cargo areas. Similarly, the

detector was located at several, locations in the lst. c l a s s
and coach cab ins , and in the cock p i t .

Figures 14 throug h 21 show the at~ enuation parameter

versu s time for tests typ ical of those which show a positive

response . Fa ilu re to achieve a positive response occurred-

on several occasions due to severa l factors.

1. B ackground  level too hig h , a n d/ o r

2 .  Flow ra t e t oo low f o r  t h e  c o n d i t i o n s .

Ind ica t ed  on each figure is the type of aircraft , the 1- mean

source locat ion and the d e t e c t o r  loca t ion .

In those t e s t s , in which several loca t ions  in the  c a b i n
could be samp led , the Freon concen t r a t ion always in c reased as
the detector approached the source , As in the  “static ” tests

described p revi ousl y no particular “dead ” spots were found

nor were any l oca t ions  of hig her  t h a n  average changes in

concen t r a t  ions

Two t e s t s  were pe r fo rmed  on board  a i r c r a f t  w i t h  pa s sen ge r s ,
luggage , and cargo~ The f i r s t  was on a s t a n d a r d  D( - 8  w i t h  45
passengers aboard . The Freon sou rce was located on the floor

beneath the window sea t of row 6 , t h e  f i r s t  row of t h e  c o a c h
section. The detector was located on the window seat of row 21 ,

the last row in the coach section . The p lot of the attenuation

parameter  versus time for this test is presented in Figure 22.

The cap tain art this f 1ii ~h t was requested to operate the

recirculation fans hut otherwise maint ain comp letel y norma l

operating conditions , to which he comp lied. The F reon sou rce

was turned on at the t ime the ap t a i n  t u r n e d  on the  f a n s  a f t e r
s t a r t i n g  the  engines  The s t a r t  of  t a k e - o f f  was S mm later.

- l

-
- 

- —~



_______ - - c’~~ ~~~~~~~~~~ ~~ - 
— 

~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘ ‘

~~~~~ 
‘
~~~~~~

‘
~~~

—
~~~~~

‘-—‘
~~~~~~~~ ~~~~~~~ 

‘
~~

-I
lxlO ’2 -______________________________________

7 -

I

~ lxlO —

C

C

2 -

1x10 5 
—

- — — 707-300

- 
707-100

4 —

lxlO~~ I I I I I 1 1 I
0 1 2 3 4 5 6 7 8 9 10

Time , miii :

Figure 14

707 TAXI TESTS - FREON SOURCE IN ROW 1 ,
DETECTOR IN ROW 27
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DC- 8 TAXI TESTS
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DC-8 TAXI TESTS WITH FREON SOURCE
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The attenuation parameter increased to a maximum of

4.4 x io~~ sec/i at the time of take-off , leveled off , and

star ted dropping as we proceeded to ascend . Apparentl y t he
presenc e of peop le aboard the airc raft had little if any

e f fec t on the tes t , sinc e the rate of increase and the maximum

value of the attenuation parameter were typ ic d l of other

taxi tests under similar conditions .

The second “l ive” tes t was perf o rmed on a Boein g 707
which did no t have recircu lation fans or Freon air conditioning

This airc raft was equipped with Casper fans and an “air cycle ”

sy s t em of c o n d i t i o n i ng ,  s i m i lar  t o  the  747 and s m a l l e r 7 2 7 ’ s .
which does not recycle air throu gh the airc raft The Frean

source and detector positions were reversed with the source

at row 27 on the port side and the detector in row 7 on the

star board side , The test conditions were otherwise identical

to the first “live” test . In this test , a ll tha t could  be
observed was a s teady dr op in the leak rate reading from

7.0 x io 8 to 2 3  x l0 8 cc /sec in 15 m m ,  Similar taxi

tests aboard 707’s wi th recirculation fans yielded good

resul t s , consequ entl y we conclude tha t a different test

pr ocedure is required to make an evaluation of the sensi t ivit y

requirements for this type of aircraft -

In summary , fo r 7O7’ s and DC- 8’s equipped with recircul ac ion

sy st ems , positive attenuation parameters on the order of

to i0~~ are obtained with the detector in the aircr a ft

cabin alon g with the Freon source. Generall y, higher val u es

~nd faster response times are obtained with the detector

in the rear of the cabin - Lavatories did not present any

problems - Attenuation parameter values were somewhat less

and response t ime s somewha t longer t han wi th the sourc e in

other locations . With respect to air circulation , the cockpit

of these aircra f t (707 ’ s and DC- - 8 ’ s) appears to be an

ex tension of the passen ger cabin and similar results are
obtained.
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When the Freon source is p laced i n  & -i ther of t h e  car g o

areas the results obt a ined are less than predictable due t o

variations in “ l e a k ah i l i tv ” of these areas  The ca rgo  a r eas
are supposed to be “sealed ” to prevent a i r  c i r c u l a t i o n  in

case of a fire . Perha ps sam p lin g the main ou t flow valve as

in the “static ” tests would produce repr o du c ible positive

results but this type of testing could not he performed

4 .2 .3 .2 Boeing 747 Test s

The 747 taxi tests were conducted in a manner similar to

the 707/DC-8 tests but with entirel y different results U~e r-

is very little recirculated air in t h e  747 , and t h a t  w h i c h  i s

recirculated is onl y recirculated wi thin  zones Ihe la r~z&-

majority of the air supp lied to the c a b i n  is f r e s h  so t h a t

the air is completel y changed once every three minutes when

the aircraft is either on the ground or in t h e  a i r Figu r e 2
shows the main features of the 747 interior .

Tests performed with both the Freon source and t I’t ~
detector in the coach cabin produced a maximum attenuation

parameter of 4 x 10~~ sec/I from as near as S rows s e p a r i t i n ~
the source and the detector , I nder these conditions , Lhe

Freon source was detectable from as far as abou t 20 i ou-s w i t h
attenuation parameters of abou t 2 x i0 6

On e par t icular  tes t , with the Freon source at row 30 ia

the coach cabin and the detector in the after buffet on t he
lower leve l , y ielded an attenuation p arameter of as hi gh as

1.61 x LO~~ sec/ I in six minutes . But the reading ~c.ts

f lu ct ua t ing cons t an t ly wi th more typ ica l values .ìvcra ~~in g
between 8 x lO~~ and 1.2 x I0~~ sec /I. It m u s t  a lso he

noted that in this test the source and detector were n e a r l \ -
at the same location but on different levels of the

aircr aft.

It appears that desirable l o c a t i o n s  are probabl y a t  t h e
main out—flow valves sinc e all a i r  in t h e  a i u c r a t l  is c o n s t a n t  l \
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being changed.  These areas  were i n a c c e s s i b l e  t o  us fo r  t e s t i n ~!.,
theref ore , t h i s  must  remain as c o n j e c t u r e  for  t h e  t ime be ing

4 . 3  Dulles Mobi l e  l ounge Tes t s

The mobi l e  lounge s a t  1)u lles I n t e r n at i o n a l ~\ i r po rt  a re
cons ide rab ly  more simp le in l a y o u t  tha n any  of  the  a i r c r a f t
tested since the passenger  c o m p a r t m e n t  is r e c t an g u l a r  in  s h a p e

and is not c o m p a r t m e n t a l i z e d .  F igu re  24 shows schematical l v

the in terior arrangement and the testi ng p lan f o r  the mob i le

lounge . The de t ec to r  was L o c a t e d  a t  positions 1)1 t h r o u g h  D 1~
for taking readings and the Freon sourc e lo c a t e d  at  P 1 thr o u -W
P5. For all tests on the lounge , the source was l o cat e d  on the

f loor  since there  is no o the r  provis ion  for  Iugga~~e c ar r \ - i n g  -

Table  2 g ives s p e c i f i c a l ly  the source l o c a t i o n  and  t he  sequence
of de tec to r  pos i t ions  of each t e s t  . For those  t e s t s  in w h i c h

the Freon concentration was measured at different hei gh t s , t he

sequence went from ceiling to floor. Figures 2 5 and 26
present  graphical  lv the a t t e n u a t i o n  p a r a m e t e r  ve r sus  t i m e  dat a

obtained for tests 2 and 3. These tests are t yp ical of

r e l a t i v e ly  large d is tances  between the  Freon source and th e

detector. Table 3 presents a summary of  a l l  the m o b i l e
loun ge t e s t s .  The a t t e n u a t i o n  parameter  a t  the t ime equal t o

5 mm is shown sinc e this is the  average d u r a t io n  of t he t r i p
between the terniina l and the aircraft .

For the purposes of analysis , x , v , and z coordinates

were assi gned each of the de t ec to r  and Freon sourc e l~~c a t  ions

from an a r b i t r a ry  ori gin and d i s tan c e s  b etween d e t e c t o r  and
sourc e were c a l c u l a t e d .  The v a r iab l e s  of  lounge speed and
damper s e t t i n g  were as si gned numer i ca l  v.i lues of 0 and 1 ía r-

• the lounge not moving  and m o v i ng ,  and the damper be ing  closed
and open t e s p e ct iv e lv .  The logarithm ot the attenuation

• parameter was treated as t he  dependent  v a r i ab l e  by  a n a l y s i s

of var iance and m u l t i p le regress ion  w i t h  t h e  f o l l o w i n g  as

independent  v a r i a b l e s :
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I .  x coordinate of the  d e t e c to r , f t

2.  
~d 

y coordina te of the detector , ft

3. Zd Z coordina te of the detect or , It

4.  t t ime , iiiin

5 . ~~T square root of time

6. d d i s tance  between de t ec to r  and Freon
sourc e, ft

7 .  d~ distance squared

8 e_ °~~~~d exp onie n t ial deca y te rm w i t h  r es pect

to d i s t ance

9. D damper p o s i t i o n
10. M mobile lounge m o t i o n

A regress ion model of the form :

log 10r = +

where the X . are the independent var iab les  as listed above ,

and each of the ~‘s are the fitted pa rameters , was considered.

This model. is intended to be more of a qualitative rather than
an accurate quantitative descri ption of the data obtained ,

- 
- but should be accurate enoug h to allow the estimation of any

significant effects. Equation 4 presents the fina l regress ion

equation. Each of the coefficients (fitted parameters ) is
significant at the .0005 level , i.e., there is little chance

that the coefficients are zero .

log10r -5.988 - 0.00578 Xd 
- 0.339 t + 2 . 290 -~~~~~~~~

• + 0 .000242 d 2 
+ 0 .563 e 0 1 d  

- 0.091 IL

The term invo lv ing  Xd, the x coo rd inat e  of the d e te c to r , i s
due to the fact  tha t most of the t e s t s  were pe r fo rmed w i t h
the Freon sou rc e near the a ircraft end o f  the  m o b i l e  l - ’u n > ~i-
and does not nece ssaril y mean tha t hi -~hu r concentrations >‘.- i  I L

L 
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he oun d nea r t he a i rc ra L e n d .  The terms iuvolv i ug t and

~
‘
~~are a quali tative description of the t ime response of the

a t t en u a t i o n  p dr a m et e r .  Tha t the a t t e n u a t i o n  parameter
decreases non- 1 ine ar 1~’ .~~i L h  increasing dis tance between the

d e t e c t o r atid ihe Freon source is shown qualitative l y b y the

ter -~s i n v o lv i n g  d 2 and ~~
0 . l d  The term of importanc e

r e s u l t i n g  f rom t h i s  st u dy  is tha t  invo lv ing  the damper
pos i t io n .  Lower Freon con c e n t r at i o n s  and hence smaller attenuation

parame t ers wer e observed w i t h  the damper open . However , th is
effec t should he put in proper perspective . The magni tude
of L t - e  e l t e c t  01 the damper is smal le r  than the residua l
standard dev ia t ion  of the date  about  the regress ion.  Conse-
quentlv this tern) is of little practical significance until

more refined da ta have been obtained.

The magnitude of the attenuation parameters obtained in

the  mobil e lou ng e st u dy are s i g n i f i c a n t ly higher than were
obta in ed  from airc r a f t  tes ts  ind ica t ing  tha t vapor de tec t ion
of bombs should  be easier on the mobile lounge than on

a i r c r a f t .

4.4 Baggage handling Systems

Two areas of the bag gage handling system at O ’Hare air por t
were studied: a conveyor on which baggage moves to be sorted ,
and t h e  aluminum baggage containers as used on the Boeing 747
and Douglas DC-b .

4 . 4 . 1  Conveyor System

At the O ’Hare terminal there are numerous conveyors which

move baggage and parcels at severa l different speeds to variou s

locations . We chose , for the purposes of these tests , an open
conveyor moving a t a speed of approxima tel y two feet per second .
The baggage handling sy stems at O’Hare are located on a level
below the bo ardin g gates to the aircraft and are at ground
level.  Typical of all the baggage handling areas at O’Hare,
are a high vehicular traffic movement and open doors during
mild weather , and doors openin g and closing almost constantl y
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du r i n g  cold wea t her. Thus , no degree ot co n s i St encv  in t he

testing conditions could he obtained.

The ha logen  leak de tee t o r  ‘~-.‘a s ke pt  a t  about 2 f t  t~ro .~
the c e n t e r  I i  I _ C C  of the moving coiivevor , and  a t  a 1 eve1 ah i - u t

~ inches above it . Thus , a s u i t  r o s e  or h i - f e  I ~ a s e  ‘~‘ou I I  t f l O\  F

past the detect or at a minimum distauc t- o f  a p p L ~~- x i i : i i t  c l v  I t

Figure 27 il lus t ra t es t 1 _ C t~ basic de L -if  I s  of  t h u  test •l r t ; I - t- -~ - i (

and Tab be 4 p resen t  s a sumuhi rv , r e p r e s e n t  i ug an av e  i -

o t~ the r esu I t s obt a m e d  undt- F i t - s e  non— c -nt ol 1 , 11 _ C F t i - s

cond it ions

1’ab l e  •~~

~L~ ’1~’L-\R\ ~ I- I:\~~
’:\i L ~~~~~~~~ 

):Vl :\

‘lime to F i r s t  [)e t cc t io n : - ~) S t C

‘r -i 1 0 Ma xi  mum r 1 ( - -

Maximum \‘a 1 tie o I r : 7 - I x I 1 sec / I

Ihe t ime s p r e s e n te d  a re  taken \~- i t 1 _ C I l t i i ~~~- : ~ e i- ’’ h e ’ i n -  I H-

moment t he F reon son ree pa ssert t I_ Cc ~lt- t cc t OF These  t i ~a- s •

- j yen on I v as an i ndi c at  ion o t w h o  u i i~ht H- t \I)cc I c t  5 1 1_ CU e

t h ey a r e  more  r e p r e s e n t a t  I ye  01 t i c  r t -~~ po l 1st - i :- . i t - ( l t ~ t - C

p a r t  i c u la r  d e t e c tor  h e j i i ~ u ’~ed i-o i l i er  than t he i u c  n c -~ -s~~~ \

or t h e  I ra nspo ut o I~ t ic F F O O l _ C  Lb rough t h ~~
- a i t-

4 . 4 .  ~ 74 7 ,~~C- - 1 )  h~~ i~~~~~i i ~ e

1-or t h e  7/i7 / l ) - Ii ) ) - i ~~~~0 - -~t -  ~
- 1 L i i t ’F t • ‘- t s  \~~e ~i I ’ t a  t e d  o r

&-~upt v coni a i t i er  which ~‘- , i  s 1 iu-ated i i i  .i ri-i at  i ~~~t 1 v I t C I u
c o r r i d o r  i n  I. l i e  0 ’ Wire I c  Fm I _ CO 1 . l w  c 1 r C U  I a I i 011 0 1 1 i I I _ C
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The baggage ( - o r _ C t  .1 in e r  may be descri bed is esseut i a 1 1 ~
a box w i t h  a sit e 1 f and two hinged sides to p e r m i t  the 1 oadi rig
and unloading otT bagg age. For our tests , a br i e  lease contain ii -

t h e  Freon source was p laced on the  c e n t e r  of  t b ~ ’ s h e l f . T h i s
p lacement l o ca te d  t h e  source  at ipproxima I ci v t h e  center of

t h e cont. am er as shown in I-’ i ‘t i r e  2$ - h u e  Fm -eon [ 1-ow ra I

was set at 0.4 cc/sec .

Freon c-oncent r u t  i oti s were observed to ~‘a rv from aNon

2 x io 6 to abou t 2 x I o~ ~ g/  I a f t e r  ~ n i t _ C u t  i-s The hi  ghi i -r

levels of concent rati- ) !_ C were located at the hot t ot_C_C and s h el i
levels of t h e  c o n t a i n e r  s i t i t C Freon 1 2 is more dense tha n a i r

[he lowest leve l s o I concent rat i OLi w e r e  10 ( 0 1  ed at  t h e  L op
co rne r s  of  I I_ Ce container , whi cii ~u h s  I ant i at  es I he 

~~~~~~~~
t h a t  there is little air ci rcula t ion within the cont ;iiflel

The levels  of c o n c e n t r a t i o n  measured correspond to v a l u e s
of the  a t  te nua t ion  p a r a m e t e r  o I abou t  l x l I) t o  1 x 10
sec/ I at  the lower and upper  l i m i t s  respect ively .

The levels  of the  - it t enua ti on pa r am ete r  oh t a  i ned in t h u - s  -

t e s t s  p e r t a i n  to an e s sen tia l1~’ e m p t y  b agg age  c o n t a i n e r .
We were not a b l e  to ob t a  in a lo a ded  c o n t a i n e r  f o r  t e s t  ing
whi ch wou ld have been a more r e a l i s t i c  at _ Cd d e s i rab l e
s i t uat  I O U.

4 . 5  Passenge r B oarding Area  Tes ts

The pas senge r  boa rd ing  area  t e s t s  ~ erc  s i m i l a r  in
n a t u r e  to  those tests performed ‘ci th tue h i g ’ r - ~e C~~C l 1 \ c \ 0 :  ,

in t h a t  t h e  det  e c t o r  was l o c at e d  at  one p lace  in  esseri t i i i  l v
f r e e  space , and t h e  Freon source moves pa s t  t h e  detect or.

rests were performed at the p a sse w’,er  a - - e r t  c r t ’ c k -  i n  de sk  r id

in the ‘‘Je twav ’’ l e a d i n g  t o a i rc raft at C ‘ I-I a re a I rp-o t - I lu -

t e s t i n g  procedure used was L a  hiave a person wt 1k Nv the

d e t e c t o r  b e a t  lo t _ C  wh i l e  ci rr \ -  in g  ti_ C e Freon source c~u- I-oscd

in a briefcase.

_ ___ . ___ __ ._____ ~~~~~
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4.5.1 Passenger_ A gent Check-In Desk

All  boarding passengers of regularly scheduled f l ights
mus t s top at the passenger agent ’s desk for check-in and seat

assignment before boarding the aircraft . These tests were

designed to examine the feasibility of a bomb detector in

thi s area for the detection of a bomb tha t might be carried
in hand carried luggage, or hidden in one ’s clothing.

Figure 29 schema ticall y shows the arrangement as used at

O ’Hare airp ort and Table 5 presents the results obtained from

the tests.

Table 5

SUMMARY OF CHECK-IN DESK DATA

Average Minimum Dis tance Between
Freon Source and Detec tor , Ft

1.0 2.5

Average Maximum Attenuation 4 .4
Parame ter r, sec /i 8.8 x 10 6.3 x 10

Time to Maximum Value , sec 10 14

These da ta as presented , represen t the average o f the
dat a ob tained since they were quite variable because of , -

uncon trolled air circulation in the area . Because of the

variable air curren t readings above the background could not

be obtained from tests on the far side of the desk. The two

minimum distances presented are the typical distances for a

passenger carry ing a briefcase in his right or lef t hand a s
he passes the detector on the near side of the desk (as shown

in Figure 29) .
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4. 5 .2  Jetwa y Tes ts

Since the a i r  f low p a t t e r n s  in the area of the  pas senge r
agent  check - in  desk were v a r i a b l e  and u n c o n t r o l l e d , we were
prom pted to test the Jetwa v leading to aircraft at the  h o a r d i n g
ga tes .  The genera l a i r  movement inside the J e t w av  was f rom
the aircraft to the termina l waiting area . TI_Ce detector was
s tat i o n e d  in the Je twav c o r r i d o r  a t  one side , as shown in
Fi gure 30 , at a dis tance  of 2 fee t  above the f l o o r .  An a r t i c l e
of luggage carried in the right hand of a hoard i ng passen ger
would pass the detector at an average minimum di stanc e of
abou t 3 .5  f e e t .  S i m i l a r ly , a n a r t i c l e  car r i e d  in t h e  b e l t
hand w o u l d  pass a t  about 2 f e e t .  These were t h e  c o n d i t ion s
under  which the Freon source was carried past the detector

while enclosed in a briefcase. Table 6 presents a s u m m a r i z a t io n

of the data obtained. The maximum value s of  the  a t t e n u a t i o n
parameter are similar to those  o b ta i n e d  at  the  pas senge r
agent desk , while the times required for the detector to

reach i t s  ma ximum reading  were somewha t l o n g e r .

Table  6

SU~~1ARY 01-’ JETWAY l~i- STS

A verage Minimum Di s t ance  B e tween
F reon Sourc e and Detec tor , Ft - -

2.0 ~.5 -

Ave rage Maximum Value  of 
- -

Attenuation Parameter , sec/i 6.4 x 10 x 10 ~

Time to Ma ximum Va lue , sec 17 15

C
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~~~. VAPOR DETECTABILITY EST IMATES

The data  obta ined in the  present  work and combined with
ea r l ier  vapor pressure data on some exp losives , together wi t h

~-s timates of diffusion and emission rates from princ ip les of
o h i v s i c a l c h e m i s t r y  and chemica l eng inee r ing ,  p e r mi t  ca l c u l a t  j i g

some t y p ica l exp lo s ive s  v a p o r  c o n c e n t r a t ions tha t may be cx-

~ -c t ed  in seve ra l f a c i l i t i e s  f rom op e n ly  exposed explosives .

Since the degree of vapo r t:~ iSSIOU reduction effected by con-
cea lment was not s t u d i e d  and s u i t a b l e  d a t a  are  not ava i l a hl~ - ,
i N c  more realistic situation of a hidden bomb cannot be p r o p e r ly

ca l c u l a t e d . The c a l c u l a t e d  values  are the highes t  c o n c e n t r a t ion s
tha t can he expected . However , any detector tha t does not rc~~~-h

these  sen s i t i v i t i e s  is obvious lv  i nadequa te , a t  lea s t  in t h e
absenc e of p r e s s u r i z i n g/ d e p r e s s u r i z i n g  cyc les  designed to  p r - ~’ -.~ - t-
a pum p i n g  e f f e c t on the vapors in bomb-carry ing con ta ine r s .

5 . 1  Vapor Pressures of Some Explos ives

Data  on the vapor pressure of some exp ic ’s i v es , t a k e n  f ro~
H e a r l ie r  work a t  IITRI under a FM contract * and u -or e  r e c en t  N R I

d at a ~~~ are tabulated in Table 7.  Sinc e the exp losives do n o t

con si st of pure c ompounds , the vapor pre ssure 01 each component ,

e . g .  e th y lene gl yco l  d i n i t ra t e  in d y n a m i t e , is lower tha n in

t he pure form .

5 . 2  D i f f u s i o n  Coe f i c i e n t s  in Air

~-\I~t-r leaving the surface of an exp los ive , the vapors o ;

~b~c exp losive firs t migrate through a non-turbulent bounda ry

f i l m  of a i r , u s u a l ly  e s t ima ted  as an a i r  f i l m  of a nomina l
t h i c k n e s s  of 0.1-0 .2 cm . The non—turbulent diffusion co-

e l l ic  te n t s  for  the  vapors of explosives  in a i r  have not  be e t _ C

*FA.A_ADS_34, Bomb Detection System Stud y, LIT Resea rch
Institute , A . Dra vnieks , Contract FA -WA-4782 (lQ6S).

- -~~1’hcrma l and ~~ss Spec t ra l Ana lyses of the Vapors and
Decomposition Products and the Vapor Pressures of Some

4 M i l i t a r y  Explos ives , A . D .  Coates , E. Freedma n , and
L.E . Kuhn , BRL, Aberdeen Proving Gr ound s , Report ,
( 1 9 6 9 ) .
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- . 2 — 1
Eih v Ieneglvcoldinitrate 0.038 cm sec
N i t r o g ly c e r i n e  0.032
2 ,4 - 1) in i t roben zene 0 .037
TNT 0.033

In essenc e, a conserva tive value of 0.03 cm2 sec~~ should
reasonably well app ly to all four vapors ,

5,3 Emission Rates from Openly Exposed Explosives

I- row an exp losive openly exposed to bulk air , the rate oF

vapor emission per cm 2 of geometrically measured surface can be

~i1)fl I’oX 1 :1, 1 ted t roni F ir  k ‘ s law
0 — t ’t

J = A -  1 -  C

1 

—~ (6~

Here J is the emission flux , e .i~. molecules /sec ; A is the

t’xi’ios ed are:l, 1 cm 2 ; D is the d iffus ion cons tant of vapo r in
o t t’  0.03 cm2 sec ’ (or exp losives vapors ; 

~~ 
is the concentration

01 t h e  vapor  in equilibrium with the exp losive, and can be
c,t ic u l , itcsh t roni i t s  v a p o r  pressure Ln the exp losive; n~ 

is t he

v a p o r ’ s c o I l c c I it r a t i o t _ C  i n  a i r , and  can he assumed as neg li g i b l e
= 0) and  ~I is the t o r n i a  I thickness , cm of the non—turbu lt- ’il

a t  r I i l i t i  i t the surFace’ sol the exp losive , with a t y p ica l v a l u e ’
t )  I I )  - 2 Clii  -

P u t t  i ng  in the  eS t iwo ted va lues ,
J = 0.15 ( 7 )  - -

Alter conversion to partia l p ressure an d grav imetric terms
(n
~ 

3.3 . i0 16 p, with p in mm Hg; J M/u 03.1023 flux in

4 Q = ~~~ 
- 10~~ p

~
-l (8~

Q emi ss i o n , g-  S t- c  
- 1 pe r  cm 4 ) 1 PX~ los ive

p v~i pui ’ pressu  t~~( ’ C’ t v a p or , sm i - hg i n  tx-p (OS iv c at ambient
temperature

= mc ’ I ecu Ia r we i i~h 1 ci I v -i  por , grams -

L a b  Ic 8 -~ i vi ’s  t h e  e m i s s i o n  r.i tes for severa l explosives

of 101) Ic  7 . Thcse vii I ties m u l t i p l i e d  Nv t h e  e x p o s e d  surface 
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Table 8

ESTIMATED EMISSION RATES OF
SEV ERAL EXPLOS IV ES OPENLY EXPOSED TO OPEN AIR

Emission rate , grams per second ,
per cm 2 of freely exposed

—— 
Vapor  and Exp los ive surface of the exp losive

EGDN in Gelobel C 2 .2  - 10 8
(a dynamite)

Nitrog lycerin in Gelobel C 6 .5 10_ li

(a dynamite)

DNT above a block of 4.8 - l0~~ 0
Composi t ion B

TNT pure ——_____ ___  

2.3 - io~~2
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a rea  of the  cor r e s p o n d in i ~ exp losiv e , a n d fu r t h e r  m u l t i p l ied  h ’
the attenuation factors obtained and q’~Aoted in the present

wo rk , wo uld give c o n c e n t r a t i o n s  in (g / l i t e r )  of  ~~~~~ c o r r e s p o n d i ng
vapors  a v a i l a b l e  a t  t h e  d e t e c t o r  s i t e  i f  t h e  exp l~~s ive  were

~ullv exposed t o air. Since any conc ealment results iii on

ad~i i t i on a l reduction in  emission into the free air , such val te s

re-n r e s e n t  the  m a x i m l i n  con c e nt  r a t  ion of  t h e  c o r r e s p o n d i n g  vap o  I S

tha t nia v be ever expec ted .

As an example , a s sume  200 cm 2 as a reasonab le  s u r f a c e  a r e -a

or an exp losive (a dynami te s t i c k  has 180 cm 2 of paper-

~-.-ranped surface). If r = ~~~~ a value freq uent ly found in

this st uidv ,

200 x 6 . 5  x lO~~~ x 10~~ = 1.3 x lO ’12 g / l i t e r

t-yusuld he ava ilable.

Any conc ea lment would reduc e these values to an extent

tha t canno t be estimated without knowing the “barri er ” factor
the fac tor which represents the degree of the c onc ea lment in

terms of reduc t ion of free—air emission .

5~ 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Becau s e of the unk nown “ba r r i er ” fac t 1 ’rs , the b- ’m ’,

genera ted  c o n c e n t r a t io n  levels  for  bomb s h i d d e n  in p ackages
and su i tcases  canno t  he es t ima t ed . T a b l e  9 gives expec t ed

EGDN conc entrations tha t may be oht~ ined from three side-Nv side

triangularl y arranged 1 ” x 9” dy n a m i t e  Sticks in fr- c air.

The free area of such a bomb is of the order of 360 cm 2 , a n d
t h e  calculated E~ F)N emission role is -

360 x 2.2 x I 0 ~~ = 792 x 10 8 
~~ x io 6 -sec .

Other values are of the order of l0~~ g i l  in a m obile
I ounge , io~ ~ in c 0 h i  fls am ! in i~~i 1k - i )V or mciv 0 N V  Sit 110 1 1008 -

an d  ~ 
10 for ~ tst ’s kIhere t h e  dc-t e~ or  is i n  t h e  c a b i n  hu t

the bomb is in he s i  - ‘ ~ t - -t- c mph rtnient - ,  r a lava tory in the

sm,i I I ur p Ii :i~~- - In Nc’ ~ 7 , the va I tie is o h  the o r d e r  til 10

___________ -- 
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when the detector is in the same air movement module , and m uch
lower in the adjoining module. Thus , in a 747, severa l detector

sites , or manifolding from severa l locations to the same detector

may be necessary .

It is likely tha t the vapo r transport harrier imposed by

wrappings etc . n~1y dec rease these values by severa l orders of

magnitude. An urgent need exists to experinientall~ determine

the barrier fac tors for various  t y p i ca l  types  of conc ea lment ,

A system in which a pressure /depressure c\-c l c is used  to

bring vapors out of the containers into freely moving air shots Id

reduc e the significanc e of the ba rrier factor .
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6. SUMMARY AND CONCLUSIONS

Estimates on the chemosensor sensitivity needed to detec t

exp losives by de tection of characteristic vapors emitted b y

explosives require knowing the rate of emission of such vapors

from con tained exp losives and the extent of attenuation that

occurs with these vapors in air between the bomb and the

chemosensor loca tions . The emission rate from containers depends

on the explosive and the degree of its concealment , and thus

requires s tudy for specific cases . The ex tent of the attenuation
in air is essentiall y species—nonspecific . The obj ective of the

reported work was to assess the degree of attenuation in various

air- transport-related facilities. Freon 12 vapor and a halogen -

gas detector were used to measure the attenuation , which was

expressed in terms of a parameter r, This permi ts ca lcul at ing

concentra t ions of vapor , g/liter o f air , expec ted to occur a t

the various chemosensor sites for any proposed bomb vapor emission

ra te , g/sec , through the bomb enclosure .

The following findings resulted:

(1) In smaller a i rc ra f t  (DC— 8 , 707 ) ,  a ir  movements u n d e r
recircula t ion are sufficiently effe ct ive to conc lude
tha t under proper taxiing conditions the chemosensor

p lacement site is not very cri t ical . Attenuati on

fac tors of the order of l0 ’
~~ were reached wi thin - -

minu tes after the simulated bomb was p laced ; they

were reasonably uniform throughout the cabin.

A tt enuat ion fac tors of the order of l0~~ were 4

observed when the simulated bomb was placed in the

baggage comp ar tment or the lava tory and the
de tector in the cabin . There was no significant

differenc e be tween taxiing an empty or an occup ied

airc ra ft.
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(2) In large r airc ra f t  (747) ,  where air streams are
channeled, attenuation factors of the order of l0~~
were observed when the detec tor was in the same air
movemen t channel as the simulated bomb . When the
bomb and the detector were in separate air movement

channels , r was less than io 6 , A bomb detector
would have to sample separately each of the air
currents -

(3) in the mobile lounge , the at tenuation fac to rs were
of the order of l0~~~, so tha t the detect ion would
be possible with a less sensitive detector than in

the aircraft , Again , the vapor concentration was
rela t ively uniform throughout the lounge , so that

the bomb detector placement site is not critical.

(4) In the walk—b y situat ions , the je tway loca t ion
was more favorable than the ticketing desk site;

a vapor attenuation pulse equivalent to the

a tt enuat ion fac tor of the order of 10~~ was
observed .

(5) In the conveyor—moved baggage , a vapor pulse of

the order of 1O~~ was observed if major air dra fts

were elimina ted,.

(6) In baggage handling containers , holes or slo ts
exis ted through which a bomb sniffer ’ s inle t

nozzle could be inserted , A ttenuation factors

of the order of 10
_ I 

to l0~~ were observed,
(7 )  The above sens i t iv i ty  es t imates  permi t c a l c u l a t i n g

the chemical sensitivity required from a bomb

chemosensor if the chemical species , its vapor
pressure in the exp losive , and its re tarda t ion
by a bomb enclosure are specified. Conversely,
cer tain situat ions can be ident ified where a
chemosensor with a defined , but limi ted , sensi t ivity
could perform sa tisfactory.

-

L ________  
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